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GILA RIVER BASIN 
PHOENIX, ARIZONA AND VICINITY 

(INCLUDING NEW RIVER) 

NM RXVER Dhii 
EMBANKi4DT CRITERIA AND PERFOORMANCJ2 REPORT 

(FEBRUARY 1987) 

ERRATA 

1. Page 31, paragraph 10.05 replace the last two sentences with "The reanalysis 
indicates that the as-constructed embankment requires a 1.G-foot thick gravel 
drain to control seepage. A 2-foot thick gravel drain was consfructed; there- 
fore the as-constructed gravel drain 2s capable of handling the as-constructed 
seepage quantities." 

2. Page 36, paragraph 14.04 replace the first sentence with "The number of 
passea required to compact the core waterial with a tamping roller and the 
transition and pervious shell materials with a vibratory roller to each material 
design density was reduced from 8 to 4 passes based on the results of the 
verification and demonstration fills." 

3. Page 36, paragraph 14.04, line 5 change "90" to "95" and "1.557" to "698". 

4 .  Page 36 add thc following paragraph: 

14.06 The requirenents for the downstream slope protection are independent of 
the requirements for the upstream slope protection because they are being placed 
for different purposes. The downstream slope protection is placed to prevent 
erosion of that slope due to the runoff from rainfall while the upstream slope 
protection is placed to prevent eroaion of the upstream slope due to waves. 
Incorporating erosion and landscape requirements into one layer of stone that 
satisfies both requirements is recomended; therefore, reducing the quantity of 
stone and the cost of the project. 
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NEW RIVER DAM 
PERTINENT DATA 

Contact number: DACW09-83-C-0050 
Awarded on: 31 August 1983 
Completed on: 8 February 1985 
Contractor:  M.M. Sundt Construct ion Company. Inc  

Fea ture  Descr ip t ion  

Drainage Area 
Type of dam 

Main embankment: 
Cres t  e l eva t ion  

Maximum height  above streambed 
Cres t  l e n g t h  
Freeboard 

Dike No. 1: 
Cres t  e l e v a t i o n  
Cres t  l eng th  
Freeboard 
Maximum height  

Dike No. 2: 
Cres t  e l e v a t i o n  
Crest length  
Freeboard 
Maximum height  

Spillway (Detached) : 
Cres t  e l e v a t i o n  
Cres t  width 
Max. water  su r face  e l eva t ion  
Max. spi l lway outflow 

Out l e t  conduit  (Ungated): 
I n t e r i o r  dimension 
Length 
I n l e t  e l e v a t i o n  
Out le t  e l eva t ion  
Max. o u t l e t  outflow 

Energy d i s s i p a t o r :  
Length 
Width 
Floor  e l e v a t i o n  
Wall height  

Unit - Data - 
sq. m i  -- 

f t ,  NGVD 
f t  
f t  
f t  

164 
compacted 
e a r t h f i l l  

f t ,  NGVD 1486.3 
f t  7464 
f t  5.2 
f t  3  6 

f t ,  NGVD 
f t  
f t  

f t ,  NGM 
f t  

f t ,  NGVD 
CFS 

f t  9.5 H x 6.25 W 
f t  433 

f t ,  NGVD 1389.25 
f t ,  NGVD 1386.31 

CFS 3150 

f t  
f t ,  NGM 

v i i i  



NEW RIVER DAM 
PERTINENT DATA (Continued) 

Fea ture  Descr ip t ion  

Out le t  channel: 
Base width 
Sideslope 
Levee he ight  
Length 

Reservoir  a rea :  
Spillway c r e s t  
Max. water su r face  

Unit - Data - 

a c r e s  1780 
ac res  2900 

Capacity (g ross ) :  
Spillway c r e s t  a c r e  f t  43,520 
Max. water su r face  ac re  f t  102,520 

Storage a l l o c a t i o n  below spi l lway c r e s t :  
Flood Control  ( n e t )  acre-f t 38,600 
Sedimentation a c r e  f t  4920 

Standard p ro jec t  flood: 
To ta l  volume a c r e  f t  49,300 
Peak inf low CFS 45,000 
Drawdown time ( t o  empty) days 10.1 

Probable maximum flood:  
To ta l  volume 
Peak inf low 
Peak outf low 
Drawdown t ime ( t o  sp i l lway c r e s t )  

a c r e  f t  105,000 
CFS 144,000 
CFS 33,000 

days 3.3 



NEW RIVER DAM 
EMBANKMENT CRITERIA AND PERFORMANCE REPORT 

I. PURPOSE AND SCOPE 

1.01 The purpose of t h i s  r e p o r t  i s  t o  provide i n  one volume t h e  s i g n i f i c a n t  
information on t h e  des ign ,  s p e c i f i c a t i o n  requirements,  and cons t ruc t ion  of t h e  
embankment and appurtenances. The r e p o r t  can be used t o  provide information 
about t h e  des ign  and cons t ruc t ion  of t h e  embankment f o r  engineers  unfami l ia r  
with t h e  p r o j e c t ,  f o r  re-evaluat ion of the  embankment i n  t h e  f u t u r e ,  i f  
requi red ,  f o r  pe r iod ic  in spec t ion  r e p o r t s ,  and background d a t a  f o r  des ign  and 
cons t ruc t ion  of s i m i l a r  p ro jec t s .  

1.02 The r e p o r t  summarizes embankment f e a t u r e s ,  des ign  d a t a ,  cons t ruc t ion  
c o n t r o l  d a t a ,  and record t e s t  r e s u l t s .  Construct ion equipment, cons t ruc t ion  
procedures,  s i g n i f i c a n t  cons t ruc t ion  modif ica t ions  and changes, and no te s  a r e  
presented. Also, t h e  embankments a r e  re-evaluated using t h e  des ign  parameters 
developed from labora tory  t e s t  r e s u l t s  of record samples obtained dur ing  
cons t ruc t ion .  



11. REFERENCES 

2.01 "Gila River Basin, Phoenix, Arizona and v i c i n i t y  ( inc luding  New Rive r ) ,  
New River Dam ( inc luding  New River t o  Skunk Creek),  Design Memorandum No. 3,  
General Design Memorandum Phase 11, Pro jec t  Design Par t  3 ,"  dated November 
1982. 

2.02 Contract  drawings "Gila  r i v e r  Basin, Phoenix, Arizona and v i c i n i t y  
( inc luding  New River ) ,  New River Dam, Maricopa County. Arizona," dated June 
1983. 

2.03 Spec i f i ca t ions  No. DACW09-83-B-0016, G i l a  River Basin, Phoenix, Arizona 
and v i c i n i t y  ( inc lud ing  New ~ i v e r ) ,  "New River Dam, Maricopa County, Arizona," 
dated August 1983, inc luding  amendments 1 through 4. 

2.04 "Gila River  Basin, Phoenix, Arizona and v i c i n i t y ,  ( inc luding  New River ) ,  
New River Dam, Foundation Report",  da ted  October 1985. 



111. GENERAL 

AUTHORITY 

3.01 New River Dam was author ized  by t h e  Flood Control  Act of 1965, Pub l i c  
Law 89-298, 89 th  Congress. Authori ty f o r  prepara t ion  of Embankment C r i t e r i a  
and Performance Report f o r  New River Dam i s  contained i n  ER 1110-2-1901, da ted  
31 December 1981. 

PROJECT PURPOSE 

3.02 New River Dam i s  a p a r t  of t h e  Phoenix, Arizona and v i c i n i t y  ( inc lud ing  
New River ) ,  Flood Control  P ro jec t .  The dam func t ions  a s  a de t en t ion  bas in  t o  
provide f lood c o n t r o l  a long New River. The de ten t ion  basin reduces t h e  
s tandard p ro jec t  f lood peak from an inf low of 45,000 CFS t o  an outflow of 2665 
CFS. 

PROJECT LOCATION 

3.03 New River  Dam is  loca ted  on New River  i n  Maricopa County. Arizona, 
approximately 22 miles  northwest of downtown Phoenix and 6 miles  west of 
I n t e r s t a t e  Highway 1-17, s e e  p l a t e  1. The dam i s  loca ted  on New River 
approximately 4.5 mi les  south  of Caref ree  Highway and spans a narrow v a l l e y  
between Eas t  and West Wing Mountains. 

PROJECT DESCRIPTION 

3.04 The p ro jec t  c o n s i s t s  of t h e  fol lowing f e a t u r e s :  

a. A zoned e a r t h f i l l  dam approximately 104 f e e t  h igh  (maximum) above 
streambed and approximately 2320 f e e t  long a t  t h e  c r e s t .  The c r e s t  e l e v a t i o n  
is  1486.7 f e e t  (without se t t lement  al lowances)  above National Geodetic 
V e r t i c a l  Datum (NGVD). (Photos 1, 2 ,  and 3) .  

b. A zoned e a r t h f i l l  d ike  (d ike  no. 1 )  approximately 36 f e e t  high 
(maximum) and approximately 7475 f e e t  long a t  t h e  c r e s t ,  about 1.7 mi les  
northwest of t h e  r i g h t  abutment of t h e  dam. The c r e s t  e l eva t ion  i s  1486.0 
f e e t  above NGM (without s e t t l emen t  allowances).  (Photos 4 and 5). 

c. Another e a r t h f i l l  d i k e  (d ike  no. 2 )  approximately 9 f e e t  high and 
approximately 256 f e e t  long a t  t h e  c r e s t ,  about  112 mi le  no r theas t  of t h e  l e f t  
abutment of t h e  dam. The c r e s t  e l e v a t i o n  is  1484.0 feet above NGVD (without 
s e t t l emen t  allowances).  (Photo 6 ) .  

d. An ungated o u t l e t ,  6.25 f e e t  wide by 9.5 f e e t  high, near  t h e  base of 
t h e  l e f t  abutment. (Photos 7, 8, 9 ,  and 10).  

e .  A detached unl ined sp i l lway,  75 f e e t  wide a t  t h e  base, about 700 f e e t  
northwest of the  r i g h t  abutment of t h e  dam. (Photo 11). A genera l  plan of 
t h e  p r o j e c t  i s  shown on p l a t e  1. 



PROJECT HISTORY AND AUTHORIZATION 

3.05 The Phoenix, Arizona and V i c i n i t y  ( inc lud ing  New River)  Flood Control  
P ro jec t  was au thor ized  by t h e  Flood Control  Act of 1965 (Publ ic  Law No. 89- 
298, 8 9 t h  Congress) t o  he lp  a l l e v i a t e  t h e  f lood  hazard t h a t  e x i s t s  i n  the  
Phoenix metropoli tan area .  Post-authorizat ion s t u d i e s  were i n i t i a t e d  i n  t h e  
sp r ing  of 1969 and during Phase I s t u d i e s ,  a  combination s t r u c t u r a l -  
nons t ruc tu ra l  plan was determined t o  be t h e  b e s t  so lu t ion  t o  the  f lood problem 
i n  t h e  a rea .  The approved plan,  which d i f f e r s  from t h e  au thor ized  plan,  
involves  t h e  cons t ruc t ion  of four  e a r t h f i l l  dams (Dreamy Draw D a m ,  completed 
i n  1973; Cave But tes  D a m ,  completed i n  1980; Adobe Dam, completed i n  1982; and 
New River Dam, completed i n  1985) and t h e  Arizona Canal Diversion Channel 
p re sen t ly  under cons t ruc t ion .  

3.06 Two a l t e r n a t i v e  damsites  were geotechnica l ly  inves t iga t ed  and evaluated 
f o r  t h e  New River pro jec t .  The f i r s t  s i t e  considered was explored between 
March 1970 and January 1972 and i s  d iscussed  i n  t h e  Phase I GDM, dated March 
1976. This s i t e ,  o r i g i n a l l y  designated the  in t e r im repor t  s i t e  was renamed 
t h e  Phase I s i t e  i n  t h e  Phase 11 GDM. The second and eventua l  cons t ruc t ion  
s i t e ,  o r i g i n a l l y  designated a l t e r n a t i v e  s i t e  no. 1 ,  but subsequently r e f e r r e d  
t o  a s  t h e  Phase I1 s i t e ,  was loca ted  about  1500 f e e t  downstream from t h e  Phase 
I s i t e .  This  s i t e  was explored i r i  d e t a i l  f o r  t h e  Phase I GDM between November 
1979 and May 1981. Pre-construct ion exp lo ra t ions  done t o  augment t h e  des ign  
s t u d i e s  were made i n  June 1982. This  a d d i t i o n a l  work, although not  included 
i n  t h e  GDM, was included i n  t h e  con t rac t  plans.  Geotechnical cons ide ra t ions  
had no s i g n i f i c a n t  i n f luence  on s i t e  s e l e c t i o n .  The r a t i o n a l e  f o r  s e l e c t i n g  
t h e  Phase I1 s i t e  was made on t h e  b a s i s  of economics. A l l  exp lo ra t ions  
p e r t i n e n t  t o  t h e  foundation and excavat ion s t u d i e s ,  including those made i n  
1984 during cons t ruc t ion ,  a r e  presented i n  t h i s  r epor t .  

3.07 The New River Dm cons t ruc t ion  con t rac t  was adver t i sed  under bid 
r e fe rence  No. DACW09-83-B-0016. Bids were opened on 2 August 1983 and M. M. 
Sundt Construct ion Company of Tucson, Arizona was awarded Contract  No. DACW09- 
83-C-0050 on 31 August 1983 w i t h  a  t o t a l  hid of $10,250,000.00. The remaining 
b ids  ranged from $10,340,000.00 t o  $18,497,400.00. The Government e s t ima te  
was $12,331,105.00. Construct ion began i n  October 1983 and t h e  dam was 
o f f i c i a l l y  dedicated on 8 February 1985, approximately 6 months i n  advance of 
t h e  requi red  completion da te .  The f i n a l  c o n t r a c t  c o s t  was $11,749,344.60; t h e  
inc rease  due pr imar i ly  t o  a d d i t i o n a l  processing required t o  obta in  adequate 
and acceptable  type I a tone  p ro tec t ion  and t o  o b t a i n  s u i t a b l e  landscape s tone ,  
a d d i t i o n a l  q u a n t i t i e s  kor s t age  1 excavat ion ,  west abutment excavat ion,  
foundat ion prepara t ion ,  o u t l e t  works excavat ion and g u t t e r ,  and t h e  a d d i t i o n  
of t h r e e  observat ion wells .  

Subcontractors  used by M. M. Sundt t o  perform work r e l a t i v e  t o  t h e  
construct ior l  of t h e  embankment were a s  fol lows:  

a. W. G. Jaques Co., Dee Moines, Iowa--drill ing and grout ing  
subcont rac tor .  

b. Western Technology. Inc.,  Phoenix, Arizona--material t e s t i n g .  



c. Brooks Hersey, Tempe, Arizona--project surveyors. 

d. United Metro Divis ion ,  Phoenix, Arizona--concrete subcont rac tor .  

CONSTRUCTION AND DESIGN STAFF 

3.08 Key Corps of Engineers personnel  involved i n  t h e  design and cons t ruc t ion  
of New River Dam a r e  l i s t e d  below: 

a. Engineering Divis ion  
P r o j e c t  Manager 
C i v i l  Design 
Technical S p e c i a l i s t  
S o i l s  Design 
S o i l s  Design 
Geology 
Geology 
Mater ia l s  and I n v e s t i g a t i o n s  
Hydraulics 
Environmental Planning 
Cu l tu ra l  Resources 
Landscape Archi tec ture  
Survey 

Sfan Lutz 
Yan Bahaudin 
Albert  Honda 
Abbas Roodsari 
Ted I n g e r s o l l  
Vernoq Minor 
Robert Thurman 
William Halczak 
Edward Chew 
Lynn Almer 
Helen Wells 
Mike Evasovic 
Harlan Anderson 

b. Construct ion Division 
Resident Engineer Neil  Erwin 
P ~ o j e c t  Engineer Cpt. Bob Dunne 
Of f i ce  Engineer Michael Ternak 
Off ice  Technician Satsuki  Carr ington 
A s s i s t a n t  P r o j e c t  Engineer/ Joe  Saline.?. 
F i e ld  Superintendent 
Laboratory Chief Rick F l o t t  

The p ro jec t  o f f i c e  s t a f f ,  i n  add i t ion  t o  t h e  above mentioned Construction- 
Operat ions Divis ion  personnel ,  cons i s t ed  of two inspec to r s  and a f i e l d  
l abora to ry  s t a f f  of seven c i v i l i a n  and m i l i t a r y  personnel. 



I V .  TOPOGRAPHY AND GEOLOGY 

REGIONAL TOPOGRAPHY 

4.01 The New River Dam i s  loca ted  i n  t h a t  po r t ion  of Arizona r e f e r r e d  t o  a s  
t h e  Gi l a  Lowland Sect ion of t h e  Sonoran Desert  Subprovince, Southern Basin and 
Range Physiographic Province. The Province i s  charac ter ized  by broad, g e n t l y  
s loping  connected va l l eys  o r  p l a i n s  bounded by moderately h igh ,  rugged 
mountain ranges r i s i n g  abrupt ly  t o  maximum he igh t s  of s e v e r a l  thousand f e e t  
above the  f a i r l y  f l a t  v a l l e y  f l o o r s .  The p ro jec t  i s  a t  the southern edge of a 
topographic and s t r u c t u r a l  bas in  and i s  bounded t o  the  southeas t  and southwest 
by t h e  low-lying East and West Wing Mountains, r e spec t ive ly ,  and t o  the  e a s t  
by an unnamed group of peaks. The broad a l l u v i a l  p l a in  t o  the  no r th  and west 
of the  pro jec t  extends up t o  the  New River and Hieroglyphic Mountains. The 
dam embankment spans a r e l a t i v e l y  narrow v a l l e y  between t h e  East  and West Wing 
Mountains a t  t h e  northern edge of Deer Valley,  a small undissected t r i b u t a r y  
v a l l e y  wi th in  t h e  l a r g e r  a l l u v i a l  p l a i n  of t h e  S a l t  River Valley. 

REGIONAL GEOLOGY 

4.02 The rock types  found i n  t h e  mountainous a r e a s  t h a t  border t h e  p r o j e c t  
c o n s i s t  of (1)  an igneous and metamorphic basement complex composed 
predominantly of Precambrian g r a n i t e  and r e l a t e d  c r y s t a l l i n e  rocks wi th  l e s s e r  
amounts of s c h i s t  and gne i s s ,  (2)  Cretaceous t o  T e r t i a r y  i n t r u s i v e  igneous 
rocks,  cons i s t ing  mainly of g r a n i t e  and monzonite, and ( 3 )  T e r t i a r y  vo lcan ic  
rocks i n  t h e  form of b a s a l t  and a n d e s i t e  with l o c a l  accumulations of  t u f f ,  
flow b recc ia  and agglomerate. The basement complex i s  extens ive ly  exposed 
along t h e  e a s t e r n  and southeas tern  margins of the  pro jec t .  Elsewhere, 
p a r t i c u l a r y  along t h e  southwestern margin of  t h e  p r o j e c t ,  T e r t i a r y  age l a v a  
flows r e s t  unconformably upon t h e  basement complex. Exposures of i n t r u s i v e  
igneous rocks a r e  l i m i t e d ,  occurr ing  mainly i n  the  mountains t o  t h e  e a s t .  

4.03 Older sediments t h a t  c o n s t i t u t e  t h e  v a l l e y  f i l l  a r e  Quaternary i n  age 
and a r e  composed mainly of poorly-to well-consol idated g rave l ,  sand,  s i l t  and 
c l a y ,  r ep resen t ing  s e v e r a l  environments of depos i t ion .  The c o n s t i t u e n t  
ma te r i a l s  were eroded from t h e  ad jacent  mountain masses by stream and shee t  
runoff .  Calcium carbonate cementation i s  common and cons iderable  c a l i c h e  i s  
present  near  t h e  mountain f r o n t s .  Recent (Quaternary) al luvium, c o n s i s t i n g  
mainly of unconsolidated sand and g r a v e l ,  f i l l s  t h e  channels of t h e  main 
stream courses  and t h e  t r i b u t a r i e s  a s soc ia t ed  wi th  f lood p l a i n  washes. The 
t o t a l  th ickness  of the  a l l u v i a l  m a t e r i a l s  v a r i e s  from zero along t h e  mountain 
f r o n t s  t o  depths  exceeding 1200 f e e t  under t h e  v a l l e y  i n t e r i o r .  

GEOLOGIC HISTORY 

4.04 The Cenozoic h i s t o r y  of southwesteril Arizona bas  ushered i n  during t h e  
Laramide orogeny, which began i n  t h e  l a t e  Cretaceous, some 90 mi l l i on  yea r s  
ago, and continued f o r  about 40 m i l l i o n  years ,  i n t o  the  e a r l y  Te r t i a ry .  This  
po r t ion  of t h e  S t a t e  was seve re ly  a f f e c t e d  by t h i s  t ec ton ic  episode which was 
cha rac te r i zed  by r eg iona l  u p l i f t ,  e r u p t i o n  o f  r h y o l i t i c  t o  a n d e s i t i c  volcanic  
rocks ,  and by i n t r u s i o n  of s e v e r a l  l a r g e  bodies o r  plutons of igneous rock of 
a g r a n i t i c  composition. Following t h e  c e s s a t i o n  of t h e  Laramide orogeny, 
southwestern Arizona was an a r e a  of gene ra l  magmatic quiescence. During t h i s  
t ime, a broad e ros iona l  su r face  dipping northeastward was developed and 
depos i t ion  of sediments i n  l o c a l i z e d  i n t e r i o r  drainage bas ins  occurred. 



4.05 Another period of widespread tectonism began approximately 30 m i l l i o n  
years  ago during t h e  l a t e  Oligocene and l a s t e d  about 10 mi l l i on  yea r s ,  i n t o  
t h e  middle Miocene. This  ep isode ,  r e f e r r e d  t o  a s  t h e  "mid-Tertiary orogeny" 
was accompanied by ex t rus ion  of g r e a t  q u a n t i t i e s  of r h y o l i t i c  t o  a n d e s i t i c  
t u f f s ,  b r e c c i a s  and flows, and depos i t ion  of t h i c k  sequences of c l a s t i c  
sediments i n  newly formed i n t e r i o r  dra inage  basins.  Rocks deposi ted dur ing  
and preceding t h i s  event  were sub jec t  t o  low ang le  nonnal f a u l t i n g ,  s t e e p  
t i l t i n g  and l o c a l  fo ld ing .  Many of t h e  o l d e r  ex t rus ive  rocks i n  t h e  S a l t  
River Valley a r e a  were products  of t h i s  orogeny. With t h e  waning of t h e  mid- 
T e r i t a r y  orogeny, a  profound unconformable su r face  was developed. Topographic 
lows became s i t e s  f o r  fanglomerate and l a c u s t r i n e  deposition. '  Tuff beds and 
ex t rus ive  flows i n t e r c a l a t e d  i n  these  sedimentary depos i t s  i n d i c a t e  continued 
though minor vo lcan ic  a c t i v i t y .  

4.06 During t h e  l a t e  Miocene, approximately 15 mi l l i on  yea r s  ago, subsidence, 
high angle  normal block-faul t ing aq4 e ros ion  occurred i p  southwestern Arizona, 
which d i s rup ted  a l l  e a r l i e r  landfopas. This  r e s u l t e d  i n  t h e  development of a  
t y p i c a l  bas in  and range s t r u c t u r e  of mountain-forming h o r s t s  separa ted  by 
v a l l e y s  under la in  by grabens o r  half-grabens. Deposition of sediments began 
i n  t h e  bas ins  a s  t h e  bas ins  were formed. I n  t h e  S a l t  River Valley a r e a ,  t hese  
sediments were depos i ted  under ox id iz ing  cond i t ions  i n  f l u v i a t i l e  and 
l a c u s t r i n e  environments and cons i s t ed  of c l a s t i c s  and evapor i te  sequences. 
Included i n  t h e  s.edimentary sequence a r e  occas ional  i n t e rbeds  of e x t r u s i v e  
volcanic  rocks of b a s a l t i c  composition. Approximately 10 mi l l i on  years  ago, 
f a u l t i n g  began t o  wane and sedimenta t ion  i n  previously sepa ra t e  i n t e r i o r  
bas ins  began t a  cMtlesce. 

SITE TOPOGRAPHY 

4.07 The New River ,  an ephemeral s t ream, flows genera l ly  south  from i t s  
headwaters i n  t h e  New River  Mountains a c r o s s  a  broad ~ e n t l y  s loping  v a l l e y  t o  
t h e  dam, a  d i s t a n c e  of approximately 24 miles.  The stream g rad ien t  i n  t h e  
v i c i n i t y  of t h e  p ro jec t  is about 10 f e e t  per mile. A t  t h e  dam, t h e  v a l l e y  
narrows cons iderably ,  t o  a  width of about  2000 f e e t .  The dam embankment spans 
t h e  New River between t h e  West Wing Mountains, which form t h e  right! abutment, 
and Keefer H i l l ,  a  westward p r o j e c t i o n  of t h e  Eas t  Wing Mountains, which form 
t h e  l e f t  abutment. The mountains a r e  c h a r a c t e r i s t i c a l l y  s t e e p  and rugged 
although they a t t a i n  only moderate he ights .  Elevat ions  i n  t h e  p r o j e c t  a r e a  
range from 1390 f e e t  i n  t h e  streambed up t o  2000 f e e t  a t  t h e  c r e s t s  of t h e  
surrounding mountains. South of t h e  dam, t h e  New River flows through Deer 
Creek, then flows about 8 miles  f u r t h e r  downstream before merging with t h e  
Agua F r i a  River. 

SITE GEOLOGY 

4.08 The geo log ica l  formations present  wi th in  t h e  p ro jec t  a r e a  c o n s i s t  
gene ra l ly  of (1) Precambrian g r a n i t i c  rocks,  (2) T e r t i a r y  volcanic  rocks,  and 
(3) Quaternary a l l u v i a l  depos i t s .  This  s e c t i o n  p resen t s  a  gene ra l  d iscuss ion  
of t h e  s i t e  geology. The rock names used i n  t h i s  r epor t  a r e  based pr imar i ly  
on pe t rographic  analyses.  However, c o l o r  and t e x t u r a l  c h a r a c t e r i s t i c s  were 
occas ional ly  considered i n  t h e  c l a s s i f i c a t i o n  process t o  more c l e a r l y  
d i s t i n g u i s h  between chemically s i m i l a r  rock types. Rock u n i t  names and/or  
des ignat ions  used i n  t h e  o r i g i n a l  con t r ac t  plans were changed t o  conform t o  
t h e  l i t h o l o g i c  c l a s s i f i c a t i o n s  used i n  t h i s  r epor t .  



4.09 G r a n i t i c  Rock. The Precambrian age g r a n i t i c  rocks, composed pr imar i ly  
of g r a n i t e ,  d i o r i t e ,  and r e l a t e d  c r y s t a l l i n e  rocks ,  a r e  ex tens ive ly  exposed i n  
t h e  East Wing Mountains, inc luding  Keefer H i l l ,  and unde r l i e  t h e  o u t l e t  works 
and a por t ion  of t h e  dam foundation on the  e a s t  s i d e  of t h e  va l ley .  These 
rocks a r e  c o l l e c t i v e l y  r e f e r r e d  t o  a s  the. Precambrian basement complex i n  t h i s  
r epor t .  Grani te  and d i o r i t e  a r e  t h e  dominant rock types present  and appear t o  
be of p lu ton ic  o r i g i n .  The g r a n i t e  i s  cha rac te r i zed  by i t s  medium- t o  coarse- 
grained t e x t u r e ,  small percentage of mafic minerals  and l i g h t  gray t o  reddish- 
brown color .  The d i o r i t e ,  found i n  c l o s e  a s s o c i a t i o n  wi th  t h e  g r a n i t e ,  i s  
charac ter ized  by i ts  medium- t o  coarse-grained t e x t u r e ,  mottled appearance due 
t o  a high percentage of mafic  minera ls ,  and medium t o  whitish-gray color .  
Sca t te red  occurrences of a f ine -  t o  medium-grained, mott led,  medium t o  dark 
gray qua r t z  d i o r i t e  may r ep resen t  a poss ib l e  postmagmatic a l t e r a t i o n  of 
ma te r i a l  near  t h e  margins of the  d i o r i t e  pluton. The g r a n i t e  and d i o r i t e  have 
been in t ruded i n  numerous l o c a t i o n s  by d i k e s  of a medium gray t o  b l ack ,  
a p h a n i t i c  g r a n i t i c  rock which a l s o  f r equen t ly  appears a s  inc lus ions  within t h e  
surrounding rock mass. 

4.10 Volcanic Rocks. Teritary-age vo lcan ic  rocks,  composed of a n d e s i t e ,  
s e v e r a l  v a r i e t i e s  of t u f f ,  flow b recc ia  and agglomerate a r e  ex tens ive ly  
exposed i n  t h e  West Wing Mountains. The dominant rock type,  a l i g h t  t o  medium 
gray a p h a n i t i c  andes i t e ,  i s  present  on t h e  r i g h t  abutment of t h e  dam and i n  
t h e  sp i l lway excavat ion and a l s o  u n d e r l i e s  a po r t ion  of t h e  dam foundation on 
t h e  west s i d e  of the  va l ley .  A reddish-brown t o  pinkish-gray po rphyr i t i c  
a n d e s i t e  outcrops i n  t h e  northwestern p a r t  of t h e  West Wing Mountains and 
unde r l i e s  the  south abutment of d ike  no. 1. Associated with t h e  a p h a n i t i c  
a n d e s i t e  i s  a reddish-brown vo lcan ic  c inde r  flow brecc ia ,  which i s  present  a s  
a f a i r l y  continuous l a y e r  below t h e  a n d e s i t e  on the  southeast  f l ank  of t h e  
mountains near  t h e  downstream end of  t h e  sp i l lway excavat ion,  The b recc ia  
a l s o  l o c a l l y  caps t h e  andes i t e  and i n f i l l s  j o i n t s  i n  t h e  bedrock on t h e  
no r theas t  f l ank  of t h e  mountains immediately upstream of t h e  r i g h t  abutment 
and near  t h e  upstream end of t h e  sp i l lway excavation. The t u f f  sequence, 
composed of a s e r i e s  of p y r o c l a s t i c  rocks r e f l e c t i n g  d i f f e r e n t  modes of o r i g i n  
which have undergone varying degrees of conso l ida t ion ,  i s  exposed i n  t h e  
sp i l lway excavat ion below t h e  flow b recc ia  u n i t  and forms a prominent r idge  
with columnar-type j o i n t i n g  along the  southeas tern  f l ank  of t h e  West Wing 
Mountains. Rock u n i t  l i t h o l o g i e s  range from w l l - s t r a t i f i e d  welded a s h - f a l l  
t u f f s  t o  non- s t r a t i f i ed  s l i g h t l y  welded ash-flows t u f f s .  A tuf faceous  
agglomerate, exposed along t h e  no r theas t  f l ank  of t h e  mountains upstream of 
t h e  r i g h t  abutment, was found t o  l o c a l l y  cap t h e  andes i t e  bedrock underlying 
t h e  dam foundat ion of t h e  west s i d e  of t h e  va l l ey .  

4.11 Alluvium. The Quaternary-age alluvium can genera l ly  be designated a s  
e i t h e r  o l d e r  poorly- t o  well-consolidated v a l l e y  f i l l ,  a l l u v i a l  f a n  and f lood 
p la in  depos i t s ;  o r  younger consol ida ted  stream channel and t r i b u t a r y  wash 
depos i t s .  The o l d e r  Quaternary al luvium a l s o  i n c l d l e s  t h e  usua l ly  t h i n  s p o t t y  
veneer of r e s i d u a l  s o i l  and s lope wash found on t h e  s lopes  of t h e  East and 
West Wing Mountains; colluvium, c o n s i s t i n g  of d e s e r t  varnished a n d e s i t e  blocks 
and rubble ,  which caps t h e  h i l l s  i n  t h e  v i c i n i t y  of t h e  r i g h t  abutment and t h e  
sp i l lway excavat ion;  and rounded g r a n i t e  boulders  which mantle  t h e  s lopes  and 
c r e s t s  of t h e  h i l l s  no r th  of t h e  l e f t  abutment and cover t h e  lower s lopes  
downstream of t h e  l e f t  abutment. The v a l l e y  f l o o r  i s  covered p r i n c i p a l l y  by 



f iner-grained f lood p l a i n  d e p o s i t s  c o n s i s t i n g  mostly of s i l t s  and sands which 
a t t a i n  a  maximum th ickness  of approximately 9 f e e t .  The underlying coarser -  
grained v a l l e y  f i l l  d e p o s i t s ,  c o n s i s t i n g  mainly of sands,  g r a v e l s ,  and clayey 
g rave l s  with numerous l a y e r s  and l e n s e s  of o lde r  stream channel cobbles and 
boulders p re sen t  t o  a  depth  of about  25 f e e t ,  extend down t o  bedrock, which i s  
a t  known maximum depths  ranging from 136 t o  144 f e e t  beneath t h e  dam 
foundat ion near  t h e  c e n t e r  of t h e  v a l l e y .  E r r a t i c ,  near-surface zones of 
c a l i c h e  cementation a r e  common on t h e  e a s t  s i d e  of t h e  va l l ey  above the  
shallow g r a n i t i c  bedrock pediment. The alluvium covering t h e  s lopes  of t h e  
mountains i s  gene ra l ly  l e s s  than 2 f e e t  t h i ck .  

FAULTING AND SEISMICITY 

4.12 The g r e a t e s t  concent ra t ion  of f a u l t s ,  p a r t i c u l a r l y  Quaternary f a u l t s ,  i n  
t h e  S t a t e  of Arizona occur i n  a  poorly-defined band s t r e t c h i n g  d iagonal ly  from 
northwest t o  southeas t  a c r o s s  t h e  s t a t e ,  gene ra l ly  coinciding wi th  a r e a s  of 
h i s t o r i c a l  se ismic i ty .  Most f a u l t s  gene ra l ly  e x h i b i t  s t e e p  d i p s  and normal 
separa t ion .  Quaternary f a u l t s  a r e  r a r e  i n  southwestern Arizona and none have 
been i d e n t i f i e d  i n  t h e  v i c i n i t y  of t h e  New River Dam projec t .  

4.13 The c l o s e s t  f a u l t  system t o  t h e  p r o j e c t  i s  t h e  45-mile-long Verde f a u l t  
system, loca ted  approximately 45 miles  t o  the  no r theas t  a t  i t s  sou the r ly  
ex ten t .  This  system c o n s i s t s  of s e v e r a l  sp l ays  and segments, t h e  longes t  and 
most continuous of which i s  t h e  17-mile-long c e n t r a l  segment. A maximum 
c r e d i b l e  earthquake of Richter  magnitude 7.0 could be produced by movement 
over t h e  t o t a l  l eng th  of t h e  Verde f a u l t  system, r e s u l t i n g  i n  a maximum 
bedrock a c c e l e r a t i o n  of approximately 0.08 g a t  t h e  dam. However, t h e  l a r g e s t  
earthquake ever  recorded t o  d a t e  near  t h e  Verde system was t h e  1976 Chino 
Valley event  with a  R ich te r  mangnitude of 5.1 and an ep icen te r  l o c a t i o n  about 
65 miles  no r th  of t h e  p ro jec t .  This would have produced a c c e l e r a t i o n  of l e s s  
than 0.01 g a t  t h e  dam. This  f a u l t  system has  shown evidence of Quaternary 
movement, but  no h i s t o r i c  o r  Holocene s u r f a c e  ruptures  have been recorded. 

4.14 The Basin and Range province i n  southwestern Arizona has  been considered 
t o  be t e c t o n i c a l l y  i n a c t i v e  due i n  p a r t  t o  t h e  low l e v e l s  of h i s t o r i c a l  
s e i smic i ty  and t h e  ex tens ive  pedimentation of mountain blocks. Evidence of 
average r eg iona l  recurrence  i n t e r v a l s  between surface-rupturing earthquakes 
over  t h e  l a s t  15,000 yea r s  range from 3500 yea r s  t o  poss ib ly  15,000 yea r s  o r  
more, i n d i c a t i n g  a  l e s s e r  degree of se ismic  hazard p o t e n t i a l  f o r  this por t ion  
of the  s t a t e .  New River  Dam i s  loca ted  i n  Zone 1 of t h e  Seismic Zone Map of  
t h e  Contiguous S t a t e s ,  an a rea  of low se i smic i ty .  Only f i v e  earthquakes with 
maximum e p i c e n t r a l  i n t e n s i t i e s  between V and V I  on t h e  Modified Merca l l i  
i n t e n s i t y  s c a l e  have been repor ted  within a  50-mile r ad ius  of t h e  p r o j e c t  
s i n c e  1871. Research published by t h e  United S t a t e s  Geological Survey 
i n d i c a t e s  t h a t  the  p ro jec t  has a  90-percent p robab i l i t y  of experiencing 
bedrock a c c e l e r a t i o n s  no g r e a t e r  than  0.04 g i n  50 years .  A bedrock 
a c c e l e r a t i o n  of 0.08 g produced by a  magnitude 7.0 earthquake on t h e  Verde 
f a u l t  system would r e q u i r e  simultaneous movement on a l l  segments and i s  n o t  
l i k e l y  t o  occur during t h e  des ign  l i f e  of t h e  pro jec t .  



GROUND WATER AND SUBSIDENCE 

4.15 Ground water information f o r  t h e  New River Dam p r o j e c t  was obtained from 
t h r e e  sources (1) water well records  obtained from t h e  S t a t e  of Arizona 
Department of Water Resources, ( 2 )  subsurface  i n v e s t i g a t i o n s  conducted p r i o r  
t o  and during cons t ruc t ion ,  and ( 3 )  observa t ion  wells  i n s t a l l e d  a f t e r  
cohs t ruc t ion  of t h e  dam embankment had been completed. 

4.16 I n  t h e  bas in  a rea  upstream of t h e  dam, ground water withdrawal has been 
minimal and t h e  water  t a b l e  g r a d i e n t  i s  f l a t t e r  than the  corresponding 
topographic s lope ,  based on water l e v e l  da t a  provided by the  following 3 
wells .  I n  1985, ground water was measured a t  a depth of 100 f e e t  ( e l e v a t i o n  
1320 f e e t )  i n  well  (A-5-1) 25bca, approximately I mile upstream, and a t  a 
depth of 121 f e e t  ( e l eva t ion ,  1342 f e e t )  i n  observa t ion  wel l  no. 3 ,  about 
2-1/4 miles  upstream. I n  1984, ground water was measured a t  a depth of 212 
f e e t  ( e l eva t ion ,  1362 f e e t )  i n  wel l  (A-5-1) loaab ,  approximately 4-112 mi les  
upstream of t h e  dam and about 1-112 miles  no r th  of dike no. 1. 

4.17 A t  t h e  dam, t h e  ground water t a b l e  appears  t o  r i s e  s i g n i f i c a n t l y  t o  a 
known maximum e leva t ion  of 1357 f e e t ,  based on information from observat ion 
we l l s  1 and 2. I n  1985, ground water was measured a t  a depth of  36 f e e t  
(eLevat ion,  1351 f e e t )  i n  observa t ion  we l l  1,350 f e e t  downstream of dam a t  
s t a t i o n  24+50, and a depth  of 43 f e e t  ( e l e v a t i o n ,  1357 f e e t )  i n  observa t ion  
wel l  2,305 f e e t  upstream of dam s t a t i o n  24+50. However, s ince  both wel l s  a r e  
f u l l y  per fora ted  below a depth of 25 f e e t ,  t h e s e  water l e v e l s  may be 
inf luenced t o  eome ex ten t  by any l o c a l i z e d  zones of perched o r  semiperched 
ground water.  In  f a c t ,  underflow from nearby ephemeral borrow ponds which 
"cascaded" b r i e f l y  i n t o  well 2 ,  i n d i c a t e s  the  presence of a t  l e a s t  one 
sepa ra t e  zone of s a t u r a t e d  alluvium. Measurements of  water l e v e l s  and ho le  
depths i n  observat ion wells  1 and 2 i n  September 1985 i n d i c a t e  t h a t  t hese  
wells may be plugged and t h a t  t h e  " s t a t i c "  water  l e v e l s  may n o t  r e f l e c t  t r u e  
ground water condi t ions .  Beneath t h e  dam, precons t ruc t ion  subsurface boring8 
encountered ground water between e l e v a t i o n s  of approximately 1300 and 1340 
f e e t .  These v a r i a t i o n s  may be due t o  seasonal  f l u c t u a t i o n s ,  perched 
condi t ions  o r  a poss ib l e  ground water mound condi t ion  beneath t h e  a c t i v e  
s tream channel. In  any event ,  t h e  o v e r a l l  h igher  ground water t a b l e  a t  t h e  
dam i s  probably caused by shal low bedrock c o n s t r i c t i o n s  i n  t h e  r e l a t i v e l y  
narrow conf ines  of t h e  va l ley .  

4.18 South of  t h e  p r o j e c t ,  i n  Deer Valley,  t h e  wa te r t ab le  d e c l i n e s  r a p i d l y  t o  
depths  exceeding 300 f e e t  due t o  i n t e n s e  grobnd water development f o r  
a g r i c u l t u r a l  a s  wel l  as r e s i d e n t i a l  and i n d u s t r i a l  purposes. In  1984, ground 
water was measured a t  a depth of 351 f e e t  (approximate e l e v a t i o n ,  1029 f e e t )  
i n  well (A-4-1) lbaa ,  approximately one mi l e  south  of t h e  dam. 

Subsidence 

4.19 Surface subsidence and a s soc ia t ed  e a r t h  f i s s u r e  development have 
occurred i n  t h e  Phoenix met ropol i tan  a r e a  a s  a r e s u l t  of major ground water 
dec l ines .  Long-term survey da ta  a r e  not  a v a i l a b l e  t o  determine i f  subsidence 
has  occurred a t  t h e  pro jec t .  However, subsidence has  probably been n e g l i g i b l e  



due t o  t h e  r e l a t i v e l y  shal low depth  t o  bedrock and t h e  l a c k  of any ex tens ive  
ground water development and should not  pose any f u t u r e  problems f o r  the dam 
embankment and appurtenances. The c l o s e s t  occurrences of measured subsidence 
has been i n  Deer Valley along por t ions  of Beardsley Road west of  I n t e r s t a t e  
Highway 1-17. The maximum amount of subsidence de tec ted  between 1967 and 1981 
has  been 0.45 foo t  a t  83rd Avenue, approximately 4-112 miles south  of t h e  
dam. Subsidence would be expected i n  t h i s  a r e a  where t h e  a l l u v i a l  m a t e r i a l s  
a r e  much t h i c k e r  and where ground water d e c l i n e s  of up t o  300 f e e t  have 
occurred i n  t h e  p a s t  30 t o  40 years .  

4.20 Ea r th  f i s s u r e s  have n o t  been observed i n  t h e  p r o j e c t  a r e a  o r  i n  Deer 
Valley. The c l o s e s t  occurrences a r e  about 15 miles  t o  t h e  southwest i n  t h e  
v i c i n i t y  of Luke A i r  Force Base, where 1 t o  3 f e e t  of subsidence has  been 
de tec ted  o r  est imated.  



V. FOUNDATIONS 

INVESTIGATIONS 

5.01 Foundation i n v e s t i g a t i o n s  of t h e  r i g h t  and l e f t  abutment, o u t l e t  works, 
and streambed cons i s t ed  of geologic mapping and reconaissance,  shallow seismic 
r e f r a c t i o n  surveys,  diamond core  d r i l l i n g ,  bucket-type power auger d r i l l i n g ,  
t renching  with a  dozer and backhoe, and i n - s i t u  dens i ty  and permeabil i ty  
t e s t i n g .  Detai led d i scuss ions  of t h e  foundat ion i n v e s t i g a t i o n s  a r e  presented 
i n  t h e  r e fe rence  l i s t e d  i n  paragraph 2.01. 

Dam Foundation 
, 

5.02 The i n v e s t i g a t i o n  of t h e  streambed por t ion  of t h e  dam foundat ion 
cons i s t ed  of d r i l l i n g  8 core holes  t o  depths  from 49 t o  161 f e e t ,  7 borings 
wi th  a  bucket-type power auger  t o  depths  from 10 t o  97 f e e t  and excavat ing 30 
t renches  with a  backhoe o r  dozer t o  depths  from 10 t o  33 f e e t .  The l o c a t i o n  
of  t h e  core  ho le s  a r e  shown on p l a t e  2 and t h e  l o c a t i o n  of t h e  s o i l s ' b o r i n g s  
and t r enches  a r e  shown on p l a t e  3. The core hole  logs  and the  s o i l  logs  of 
t h e  borings and t renches  a r e  summarized on p l a t e s  4 through 7. 

5.03 Twenty-five i n - s i t u  dens i ty  t e s t s  were performed i n  t h e  near  su r face  
embankment foundat ion mater ia l s .  Five of t h e  i n - s i t u  d e n s i t y  t e s t s  were 
performed using the  sand displacement method a t  depths ranging between 1 and 
5 f e e t  while  20 of t h e  i n - s i t u  d e n s i t y  t e s t s  were performed using t h e  l a r g e  
s c a l e  water displacement method a t  depths  ranging between 5 and 18 f e e t .  The 
r e s u l t s  of t h e  dens i ty  t e s t s  i n  t h e  foundat ion a r e  shown i n  t a b l e  1. 

5.04 Permeabil i ty  t e s t s  were conducted i n  t e s t  holes  t o  ob ta in  l a r g e  s c a l e  
f i e l d  d a t a  t o  determine a  r e p r e s e n t a t i v e  c o e f f i c i e n t  of  permeabi l i ty  of t h e  
foundation mater ia l .  The r e s u l t s  of the permeabi l i ty  t e s t s  i n  t h e  foundation 
a r e  shown i n  t a b l e  2. 

West Abutment 

5.05 I n v e s t i g a t i o n s  of t h e  west abutment cons i s t ed  of d r i l l i n g  2 diamond core  
ho le s  t o  depth of 74 t o  80 f e e t .  The loca t ionk of t h e  core holes  a r e  shown on 
p l a t e  4 and t h e  logs  of t h e  core  ho le s  a r e  shown on p l a t e  8. 

Eas t  Abutment 

5.06 Inves t iga t ion  of t h e  e a s t  abutment cons i s t ed  of d r i l l i n g  2 diamond core  
holes  t o  depths  of 48 t o  77  f e e t  and excavat ing 2 t renches  t o  depths of 4 t o  
5 f e e t  with a  dozer.  The l o c a t i o n s  of t h e  co re  ho le s  a r e  shown on p l a t e  4 and 
l o g s  of t h e  core holes  a r e  shown on p l a t e  8. 

Ou t l e t  Works 

5.07 I n v e s t i g a t i o n s  of t h e  o u t l e t  works cons i s t ed  of d r i l l i n g  4 diamond core 
ha le s  t o  depths  of 24 t o  35 f e e t  and excavat ing  23 t renches with a  backhoe o r  
dozer  t o  depths  of 3.5 t o  1 2  f e e t  and conducting one seismic r e f r a c t i o n  
survey. The l o c a t i o n s  of t h e  core holes ,  t e s t  t r enches ,  and se ismic  
r e f r a c t i o n  survey a r e  shown on p l a t e  9 and t h e  logs  of t h e  core  ho le s  and t e s t  
t renches  a r e  shown on p l a t e s  10 through 14. 
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Dike No. 1 Foundation 

51.08 The i n v e s t i g a t i o n  of the  foundation of d ike  no. 1 consisted of d r i l l i n g  
5 borings with a  bucket-type power auger t o  depths of 9.5 t o  25 f e e t  and 
excavating 7 t renches  wi th  a  backhoe o r  dozer  t o  depths of 1  t o  9.5 f e e t  and 
conducting e igh t  seismic r e f r a c t i o n  surveys. The loca t ion  of the  bor ings ,  
t renches  and se ismic  r e f r a c t i o n  surveys a r e  shown on p l a t e  15. The s o i l  l ogs  
of the  borings and t renches  a r e  summarized on p la t e  16. 

Dike No. 2 Foundation 

5.09 The i n v e s t i g a t i o n  of t h e  foundation of d ike  no. 2, cons is ted  of d r i l l i n g  
3 diamond core  holes and conducting 3 seismic r e f r a c t i o n  surveys. These 
i n v e s t i g a t i o n s  were i n i t i a l l y  performed t o  i n v e s t i g a t e  an a l t e r n a t i v e  sp i l lway 
s i t e .  The l o c a t i o n  and l o g s  of t h e  diamond core holes a r e  shown on p l a t e  1 7 .  

FOUNDATION TREATMENT 

General 

5.10 Discussion of t h e  foundation treatment  i s  divided i n t o  3 segments. The 
dam foundation from s t a t i o n  13+00 t o  31+90, the  west abutment from s t a t i o n  
31+90 t o  33+27, and the  e a s t  abutment from s t a t i o n  10tO0 t o  13+00 s e e  p l a t e  
18. The cons t ruc t ion  sequence, geology, excavation,  grout ing ,  and c l ea r ing  of 
t h e  l e f t  and r i g h t  abutments and the  por t ions  of t h e  dam foundation founded i n  
rock i d t a t i o n  13M0 t o  21+06 and s t a t i o n  29+64 t o  31+90) a r e  dir)cuesed ia mare 
d e t a i l  i n  t h e  foundation r e p o r t  referenced i n  paragraph 2.04. 

Dam Foundation 

5.11 Streambed Mater ia ls .  Foundation ma te r i a l s  encountered i n  cons t ruc t ion  
during foundation and core t rench excavation a r e  the same a s  an t i c ipa ted  
during design. 

5.12 The foundation ma te r i a l s  c o n s i s t  of layered  homogeneous a l l u v i a l  s o i l s  
extending t o  a  depth of maximum 136 f e e t .  I n t e r p r e t a t i o n  of t h e  d a t a  
contained on the  s o i l  lbgs  and v i s u a l  examination of t h e  s i d e s  of t h e  dozer  
t renches  excavated i n  the  dam foundation i n d i c a t e  t h a t  there  a r e  t h r e e  
d i s t i n c t  s o i l  l a y e r s  i n  the  dam foundation above bedrock. 

5.13 The top  s o i l  l a y e r ,  designated s t ra tum A ,  v a r i e s  i n  th ickness  from 2 t o  
9 f e e t .  It c o q s i s t s  mostly of s i l t y  sand. 

5.14. The middle s o i l  l a y e r ,  designated stratum B ,  v a r i e s  i n  th ickness  from 
6 t o  10 f e e t .  It c o n s i s t s  mostly of sandy gravels .  The g rada t iona l  range of 
s tratum B i s  shown i n  f i g u r e  1 .  

5 . 1 5  The bottom s o i l  l a y e r ,  designated s t ra tum C,  extends from stratum B down 
t o  bedrock. It c o n s i s t s  mostly of cemented sandy gravels .  The g rada t iona l  
range and p l a s t i c i t y  c h a r t  of s t ra tum C i s  shown i n  f i g u r e  2. 



5.16 The foundation treatment consisted of excavating the near surface silty 
sands, caliche, and sandy gravels down to bedrock or elevation 1380 NGVD from 
station 1300 to 31t90. A core trench was excavated beneath the core and 
transition zones. The core trench was excavated down to bedrock between 
stations 13t00 and 21t06 and stations 29t64 to 31t90 and to elevation 1365 
NGVD between stations 21t23 and 29t00. The actual depth of foundation and 
core trench excavation is shown in red on plate 18. 

5.17 Initially only the central portion of the foundation and the core trench 
down to bedrock or elevation 1365 NGVD were excavated as shown on plate 18. 
The excavation was accomplished with two push dozers and scrapers (photos 12, 
13, 14, and 15). A tracked backhoe and end dumps were used to excavate the 
stage I core trench from station 29+10 to 31+72 to preclude degradation of the 
highly fracturer andesite bedrock and the core trench from station 13t00 to 
16t90 to preclude degradation of the highly fractured and weathered granitic 
bedrock (photos 16 and 17). 

5.18 After inspecting the core trench bottom, benches, and sidewall for 
unsuitable materials and to ensure that the embankment materials and the 
foundation materials satisfied filter criteria, Corps personnel approved 
sections of the core trench for fill placement. When the approved section was 
in alluvium the surface was scarified to a depth of 6 inches and compacted 
with 8 passes of a 50-ton articulating rubber tired roller (photo 18). 
Density tests using large-scale water displacement method were performed in 
the core trench bottom and on the benches to determine the in-place dry 
density. The results of the density tests are shown in table 3 and the 
gradation of the materials in figure 3: 

5.19 After a section of core trench was approved and accepted, suitable 
materials from the foundation excavation satisfying core requirements were 
placed in the core zone of the core trench. Suitable materials from either 
borrow area No. 3 or the foundation excavation were processed for placement in 
the transition zones. The locations of the borrow areas are shown on plate 19. 

5.20 After a section of the foundation was excavated, Corps personnel 
inspected that section of the foundation for unsuitable materials and to 
ensure that embankment materials and the foundation materials satisfied filter 
criteria. Upon approval that section of the foundation was ready for fill 
placement. When the approved section was not in bedrock it was scqrified to a 
depth of 6 inches and couipacted with 8 passes of a 50-ton articulating rubber 
tired roller. Density tests using a large-scale water displacement method 
were performed in the foundation and to determine the in-place dry density. 
The results of the density tests are shown in table 4 and the gradation of the 
materials in figure 4. 

5.21 West Abutment. The west abutment of the dam is located on the east 
slope of the West Wing Mountains. The abutment consists of volcanics composed 
mainly of andesite. 

5.22 Typically the west abutment was prepared in three phases. The first 
phase consisted of excavating the materials within the core-transition contact 
zone to depths of 3 feet using a dozer with rippers (photo 19). The second 



phase, t h e  su r face  p r e p a r t a t i o n ,  was t h e  most s e n s i t i v e  phase. It cons i s t ed  
of c leaning  t h e  co re - t r ans i t i on  contac t  zone t o  a s u i t a b l e  foundat ion (photos 
20 and 21). The t h i r d  phase cons i s t ed  of s t r i p p i n g  one foo t  of t h e  s u r f a c e  
ma te r i a l s  within t h e  pervious s h e l l  con tac t  zones. 

5.23 Eas t  Abutment. The e a s t  abutment of t h e  dam i s  founded on t h e  west 
s lope  of Keefer H i l l .  The abutment c o n s i s t s  of g r a n i t i c  rock. 

5.24 The e a s t  abutment was, a l s o ,  prepared i n  t h r e e  phases. The f i r s t  phase 
cons is ted  of s t r i p p i n g  t h e  s q r f a c e  m a t e r i a l s  t o  a maximum depth of 1 t o  4 f e e t  
using a dozer wi th  r ippe r s .  The second phase cons is ted  of excavat ing 
ma te r i a l s  wi th in  t h e  co re - t r ans i t i on  contac t  zone t o  a maximum of 14 f e e t  
using t racked backhoe (photos 22, 23, and 24). The t h i r d  phase, t h e  s u r f a c e  
prepara t ion ,  was t h e  most s e n s i t i v e  phase. It cons is ted  of c leaning  t h e  core- 
t r a n s i t i o n  con tac t  zone t o  a s u i t a b l e  foundat ion (photos 25 and 26). 

5.25 Treatment of t h e  abutments and rock exposed i n  t h e  core t rench ,  a f t e r  
c leaning ,  cons i s t ed  of subsurface  g rou t ing  and f i n a l  su r face  preparat ion.  
Subsurface grout ing ,  c o n s i s t i n g  of a s i n g l e  l i n e  grout  with a lo-foot primary 
ho le  spacing c u r t a i n  along t h e  co re  con tac t  c e n t e r l i n e ,  was placed by 
subcont rac tor  W.G. Jaques Company of  Des Moines, Iowa from January t o  March 
1984. The grout ing  p lan  and p r o f i l e  a r e  shown on p l a t e s  20 through 22. 

5.26 F ina l  su r face  prepara t ion  of t h e  abutment foundaton and rock exposed i n  
t h e  co re  t rench ,  beneath t h e  t r a n s i t i o n  zones, cons is ted  of removing loose  
ma te r i a l s  by hand and minimal a i r  b l a s t i n g ,  Surface p t epa ra t ion ,  beneath t h e  
core  zone, cons i s t ed  of i n t e n s i v e  a i r  b l a s t i n g  and placement of d e n t a l  
concre te  (photo 27). 

5.27 The rock s u r f a c e s  t o  r ece ive  co re  ma te r i a l s  was t r e a t e d  wi th  d e n t a l  
concre te  which was placed i n  l a r g e r  depress ions  and low a r e a s  t o  provide a 
uniform su r face  f o r  embankment m a t e r i a l  placement and compaction, and a l s o  t o  
p ro tec t  a r e a  of h igh ly  f r a c t u r e d  bedrock. The d e n t a l  concre te  cons is ted  of 
low slump, 314-inch aggregate ,  1000 pounds per  square inch  concrete .  Cleaned 
su r faces  were wetted with water ,  p r i o r  t o  placement of d e n t a l  concrete .  The 
d e n t a l  concre te  was usua l ly  placed wi th  a c rane  ho i s t ed  bucket. Af ter  t h e  
concre te  had s e t ,  t h e  edges were trimmed t o  avoid porous fea thered  edges. To 
conso l ida t e  and ensu re  bonding wi th  t h e  foundat ion,  t h e  concre te  was c a r e f u l l y  
v ibra ted  i n  place.  

Dike No. 1 

5.28 The d ike  no. 1 foundat ion m a t e r i a l s  c o n s i s t  of non-homogeneous a l l u v i a l  
s o i l s  and a n d e s i t e  bedrock. There a r e  two d i s t i n c t  l a y e r s  i n  t h e  upper 25 
f e e t .  The top l a y e r  i s  sandy c l a y  t h a t  v a r i e s  between 0.5 and 2 f e e t  i n  
thickness.  The bottom l a y e r ,  which extends down t o  a t  l e a s t  25 f e e t  below 
o r i g i n a l  ground su r face ,  i s  a c a l i c h e  cemented sandy gravel .  

5.29 The foundation excavat ion cons is ted  of removing the  sandy c l a y  down t o  
t h e  c a l i c h e  and r ipp ing  2 f e e t  of c a l i c h e  cemented sand from beneath t h e  
upstream t r a n s i t i o n  and pervious s h e l l .  The sandy c lays  were excavated with 
a n  e l e v a t i n g  sc rape r  while  t h e  c a l i c h e  was r ipped and then excavated wi th  two 
push dozers  and scrapers .  The depth of t h e  foundation excavat ion is shown on 
p l a t e s  23 through 25. 



5.30 Af ter  completion of t h e  foundat ion excavat ion,  an exp lo ra t ion  t r ench  was 
excavated beneath t h e  core zone t o  a depth of approximately 5 f e e t  a s  shown i n  
red  on p l a t e s  23 through 25. The exp lo ra t ion  t r ench  was r ipped and then  
excavated with two push dozers  and s c r a p e r s  (photos 28, 29, 30, and 31). 
Typical  ma te r i a l s  encountered cons is ted  of c a l i c h e  cemented sandy g rave l  and 
andes i t e  bedrock (photos 32 and 33). 

5.31 After  i n spec t ing  t h e  foundat ion exp lo ra t ion  t rench  bottom and side-walls 
t o  ensure compatabi l i ty  of t h e  embankment m a t e r i a l  with t h e  foundation 
m a t e r i a l s ,  Corps personnel approved s e c t i o n s  of t h e  dike foundat ion f o r  f i l l  
placement. When the  s e c t i o n  approved was not  i n  bedrock i t  was s c a r i f i e d ,  
wetted, and proof-rol led before embankment ma te r i a l s  were placed. 

5.32 South Abutment. The south abutment of d ike  no. 1 i s  founded on t h e  
n o r t h  s lope  of t h e  West Wing Mountains. The abutment c o n s i s t s  of vo lcan ic s  
composed of andes i t e  rock. 

5.33 I n  gene ra l  t h e  excavat ion of t h e  sou th  abutment was accomplished i n  two 
phases. The f i r s t  phase cons is ted  of excavat ing t h e  su r face  ma te r i a l s  t o  
depths  of  4 f e e t  using a dozer wi th  r ippe r s .  The second phase cons is ted  of 
c leaning  t h e  core  con tac t  zone t o  a s u i t a b l e  foundation. The cons t ruc t ion  
sequence, geology, and excavat ion a r e  d iscussed  i n  more d e t a i l  i n  t h e  
foundation r e p o r t  referenced i n  paragraph 2.04. 

5.34 Dental concre te  was placed wi th in  t h e  co re  con tac t  zone between s t a t i o n s  
78+65 and 84+15. 

D i k e  No. 2. 

5.35 The d ike  no. 2 foundat ion materials c o n s i s t  of a 0- t o  6-foot l a y e r  of 
a l l u v i a l  s o i l s  composed of s i l t y  sandy g rave l  overlying hard,  h ighly  
f r a c t u r e d ,  s o f t  weathered g r a n i t i c  bedrock. 

5.36 The foundation t reatment  cons i s t ed  of excavat ing t h e  upper 1-foot of 
ma te r i a l .  The s i l t y  sandy g rave l s  and s o f t  weathered bedrock were excavated 
with a dozer.  The ex ten t  of t h e  foundation excavat ion i s  shown on p l a t e  26 
(photo 34) .  

5.37 Af te r  i n spec t ion  and approval  of t h e  foundat ion by Corps personnel ,  t h e  
a rea  was s c a r i f i e d  t o  a depth of 6 inches ,  wetted,  and proof r o l l e d  with 8 
passes of a 50-ton a r t i c u l a t i n g  rubber t i r e d  r o l l e r  (photo 18). 



VI. EMBANKMENTS 

FEATURES 

Main Embankment 

6.01 The embankment i s  a compacted, zoned e a r t h f i l l  s t r u c t u r e  composed of 
pervious s h e l l  zones, t r a n s i t i o n  zones, a  c e n t r a l  co re ,  and a  ho r i zon ta l  t o e  
d r a i n  from s t a t i o n  19400 t o  31+00. The upstream s lope  i s  1.OV on 2.5H and is  
pro tec ted  by a 12 t o  24-inch t h i c k  l a y e r  of type I stone. The downstream 
s lope  i s  1.OV on 2.OH and i e  covered by a 12-inch t h i c k  l a y e r  of t ype  111 
stone. The embankment plan,  p r o f i l e ,  and c r o s s  s e c t i o n s  a r e  presented on 
p l a t e s  18 and 27 through 31. 

6.02 The embankment was cons t ruc ted  i n  t h r e e  s tages.  Stage 1 cons i s t ed  of 
foundation and core  t r ench  excavat ion from s t a t i o n  26+50 t o  31+90, west 
abutment excavat ion  from s t a t i o n  31+90 ts 33+27, foundat ion p repa ra t ion  and 
treatment  wi th in  t h e  co re - t r ans i t i on  con tac t  zone of t h e  west abutment and 
rock exposed i n  t h e  co re  t r ench  from s t a t i o n  29+64 t o  31+90, and cons t ruc t ing  
t h e  embankment t o  e l eva t ion  1380 from s t a t i o n  26+90 t o  31+90. Stage 2 
cons is ted  of e a s t  abutment excavat ion  from s t a t i o n  l W O  t o  13+00, foundat ion,  
and core  t r ench  excavat ion from s t a t i o n  13+00 t o  26+50, treatment within t h e  
co re - t r ans i t i on  con tac t  zone of t h e  e a s t  abutment and rock exposed i n  t h e  co re  
t rench  from s t a t i o n  13+00 t o  21+00, and cons t ruc t ing  t h e  embankment t o  
e l e v a t i o n  1380 a t  s t a t i o n  28f90 t o  c r e s t  e l e v a t i o n  a t  s t a t i o n  23+30 and t o  
c r e s t  e l e v a t i o n  from s t a t i o n  10400 t o  23+30. Stage 3 canbieted of 
cons t ruc t ing  t h e  embankment t o  c r e s t  e l e v a t i o n  f r w  s t a t i o n  23+30 t o  3927 and 
treatment  within t h e  co re - t r ans i t i on  con tac t  zone of the  west abutment. 

Dike No. 1 

6.03 Dike no. 1 i s  a compacted, zoned e a r t h f i l l  s t r u c t u r e  composed of 
pervious s h e l l  zones, t r a n s i t i o n  zones, and a  c e n t r a l  core. The upstream 
s lope  i s  1.OV on 2.5H and i s  p ro tec t ed  by a  12 t o  24-inch t h i c k  l a y e r  of type 
I stone. The downstream slope i s  1.OV on 2.OH and i s  covered by a 12-inch 
t h i c k  l a y e r  of type 111 s tone .  The embankment plan,  p r o f i l e ,  and c r o s s  
s e c t i o n s  a r e  presented on p l a t e s  23  through 25 and 32. 

Dike No. 2 

6.04 Dike no. 2 i s  a compacted e a r t h f i l l  s t r u c t u r e  composed of pervious s h e l l  
mater ia l .  The upstream s lope  i s  1.OV on 6.OH while t h e  downstream slope i s  
1.OV on 2.OH and i s  covered by 12 i nches  of  t y p e  111 stone. The embankment 
plan,  p r o f i l e ,  and c r o s s  s e c t i o n s  a r e  presented on p l a t e  26. 

MATERIALS 

6.05 Core ma te r i a l s  meeting s p e c i f i c a t i o n  requirements were obtained by 
blending the  near  s u r f a c e  m a t e r i a l s  of borrow area  1 t o  a  depth of 
approximately 4 f e e t ,  borrow a r e a  2 t o  a  depth  of approximately 6 f e e t ,  borrow 
a rea  3 t o  a  depth of approximately 3 f e e t ,  and from mate r i a l  obtained from 
foundat ion excavation. The l o c a t i o n  of t h e  borrow a r e a s  i s  shown on p l a t e  19 
and t h e  g rada t ion  of t h e  as-placed co re  m a t e r i a l s  i s  shown on p l a t e  33. 





VII. EMBANKMENT QUALITY CONTROL, QUALITY ASSURANCE, AND RECORD TESTING 

GENERAL 

7.01 Contrator quality control and Government quality assurance testing of 
the embankment fill was performed to ensure quality work and to check 
conformance of the placed materials with contract specifications. These 
activities involved the combined efforts of the Contractor's Quality Control 
personnel, and the Corps of Engineers inspectors and laboratory personnel. 
The results of these activities assured that materials were placed within 
specified gradations and moisture contents, and that design densities were 
being obtained by the specified procedural compaction methods. Corps of 
Engineers personnel periodically obtained both disturbed and undisturbed 
record samples to establish the consolidation, permeability and shear strength 
parameters of the as-built embankment materials in order to verify adopted 
design parameters. 

CONTRACTOR QUALITY CONTROL (CQC) 

7.02 Contract provisions required the contractor to ensure embankment 
quality. Accordingly, a Quality Control program was established by the 
contractor. The following items, pertaining to the embankment, were performed 
by the contractor: 

a. Reviewed contract requirements, checked worksite for readiness and 
checked that lines and grades had been establ-ished. 

b. Checked for compliance with contract specifications and that required 
testing procedures were being followed. 

(1) Continuously monitored embankment fill operation. 

(2) Established necessary moisture-density relationships for contractor 
informat ion and use. 

(3) Performed field density tests (ASTM D 1556) to determine degree of 
compaction per ASTM D 698 for backfills or ASTM D 1557 for roadfills where 
end-product was specified. 

(4) Performed gradation testing on embankment materials per ASTM D 422. 

(5) Performed quality tests on stone protection materials per: ASTM C 88, 
C 127, C 136, C 131, and C 535. 

(6) Supervised the installation of specified instrumentation. 

(7) Prepared daily quality control reports which listed activities, 
described quality control surveillance activities and instruction, summarized 
material quantities and listed all test results. 



CORPS OF ENGINEERS QUALITY ASSURANCE (QA) 

GENERAL 

7.03 Several  i n s p e c t o r s  provided continuous monitoring of embankment f i l l  
opera t ions .  I n  add i t ion ,  Corps of Engineers on s i t e  S o i l s  Laboratory personnel 
perfbrmed QA t e s t s  which cons i s t ed  of f i e l d  d e n s i t y ,  placement moisture 
c o n t e n t s ,  g rada t ions ,  moisture-density r e l a t i o n s h i p s ,  and v i b r a t o r y  maximunr 
minimum d e n s i t y  t e s t s .  The Geotechnical Branch provided an embankment 
engineer  and a p ro jec t  geo log i s t  respons ib le  f o r  t echn ica l  superv is ion  of 
cons t ruc t ion .  

F i e ld  Density Tes t s  

7.04 In-place d e n s i t y  t e s t s  on co re  and t r a n s i t i o n  ma te r i a l  were performed i n  
accordance with ASTM Standard D 1556, "Density of S o i l  i n  p lace  by t h e  
Sandcone Method". In  p lace  d e n s i t y  t e s t s  on pervious s h e l l ,  g r a v e l  d r a i n ,  and 
main embankment foundation ma te r i a l s  were performed using a la rge-sca le  water 
displacement method. See Appendix I. 

Moisture Content Tes t s  

7.05 A l abora to ry  moisture de terminat ion  was made i n  accordance wi th  ASTM D 
2216 f o r  each f i e l d  d e n s i t y  t e s t .  Visual assessment and microwave oven 
r e s u l t s  were used f o r  rap id  de terminat ion  of moisture content  and checked wi th  
s tandard  oven dry ing  test r e s u l t s .  

Gradation T e s t s  

7.06 Gradation t e s t s  were performed i n  accordance wi th  ASTM D 422 on m a t e r i a l  
c o l l e c t e d  from each d e n s i t y  test.  In  addi ton ,  numerous gradat ion  t e s t s  were 
performed on r e p r e s e n t a t i v e  samples of t h e  g r a v e l  d r a i n ,  and s lope  p r o t e c t i o n  
m a t e r i a l s  t o  v e r i f y  compliance with s p e c i f i c a t i o n s .  

Moisture Density Tes t s  

7.076 Moisture-density r e l a t i o n s h i p s  f o r  t h e  core  ma te r i a l s  were determined by 
ASTM D 698. Moisture-density r e l a t i o n s h i p s  f o r  t h e  pervious s h e l l  and 
t r a n s i t i o n  m a t e r i a l s  were determined us ing  a compaction t e s t  method comparable 
t o  ASTM D 698 i n  t h a t  t h e  compactive e f f o r t  appl ied  i s  12,300 foo t  pounds per 
cubic  f o o t  and t h e  equipqent has  been devised t o  maintain t h e  r a t i o s  between 
t h e  mold diameter ,  rammer diameter ,  and maximum p a r t i c l e  s i ze .  A family of  
compaction curves f o r  t h e  pervious s h e l l ,  t r a n s i t i o n ,  and core  m a t e r i a l s  were 
developed p r i o r  t o  the  s t a r t  of f i l l  placement. 

7.08 During cons t ruc t ion  a one-point compaction t e s t  was performed on t h e  
sample obtained with each in-place d e n s i t y  t e s t .  The percent  maximum d r y  
d e n s i t y  was then i n t e r p o l a t e d  from t h e  family of compaction curves  f o r  t h e  
m t e r i a l .  For approximately every f i v e  in-place dens i ty  t e s t s  on a ma te r i a l  
Lype, a f ive-point  compaction t e s t  was performed t o  augment t h e  family of 
curves f o r  t h a t  mater ia l .  



Rela t ive  Densi ty T e s t s  

7.09 A small  number of r e l a t i v e  d e n s i t y  tests were performed on t h e  pervious 
s h e l l ,  t r a n s i t i o n ,  and g r a v e l  d r a i n  m a t e r i a l  i n  accordance with ASTM Standard 
D 2049, "Rela t ive  Densi ty of Cohesionless  Soi l" .  These t e s t s  were performed 
near  t h e  beginning of t h e  placement t o  ensure t h a t  t h e  spec i f i ed  procedural  
placement of t h e s e  m a t e r i a l s  was y i e ld tng  acceptable  d e n s i t i e s .  

Record Sampling and Tes t ing  

7.10 Record samples (photo 36) of ' t h e  a s -bu i l t  embankment were p e r i o d i c a l l y  
obtained by Corps of Engineer personnel.  These samples, both  d i s tu rbed  and 
undisturbed,  were obtained a t  s t r a t e g i c  l o c a t i o n s  predetermined by des ign  
personnel. The samples were shipped t o  t h e  SPD Laboratory f o r  record t e s t i n g  
i n  o rde r  t o  determine t h e  m a t e r i a l  p r o p e r t i e s  of t h e  as -bui l t  embankment. The 
t e s t i n g  program included c l a s s i f i c a t i o n ,  compaction, t r i a x i a l  shea r ,  
permeabi l i ty ,  and consol ida t ion .  Two f i e l d  d e n s i t y  de terminat ions  were made 
above and below each core  record sample loca t ion .  



VIII. CONSTRUCTION PROCEDURES 

CORE 'MATERIALS 

8.01 Moisture was introduced i n t o  t h e  co re  m a t e r i a l s  p r i o r  t o  excavat ion by 
prewetting t h e  borrow a r e a  with a s p r i n k l e r  system (photo 37). Core m a t e r i a l s  
were excavated and hauled wi th  two push dozers  and sc rape r s  o r  a f r o n t  end 
loader  and end dump t rucks .  (Photos 38 and 39.) The su r face  of t h e  
preceeding l i f t  was s c a r i f i e d  wi th  t h e  r i p p e r s  a t tached  t o  a motor grader  t o  a 
depth of 6 inches  p r i o r  t o  placement of t h e  next  l i f t .  The m a t e r i a l s  were 
spread on grade i n  12-inch l i f t s  wi th  a motor grader  o r  a dozer.  When t h e  
core  ma te r i a l s  had d r i e d  back, a 10,000-gallon water p u l l  t r u c k  was used t o  
add water e i t h e r  p r i o r  t o  t h e  compaction of  t h e  lift o r  p r i o r  t o  placement of 
t h e  nex t  l i f t .  Compaction was accomplished with 8 passes of a towed, double 
drum tamping r o l l e r .  The drums were 5-foot i n  diameter  and 5-foot wide and 
were b a l l a s t e d  t o  20,000 pounds (photo 40).  

8.02 Because t h e  c o n t r a c t o r  d i d  not  use  t h e  same towed, double drum tamping 
r o l l e r  t o  cons t ruc t  t h e  embankments a s  he had used i n  t h e  demonstration and 
v e r i f i c a t i o n  f i l l s ,  t h e  con t rac to r  was requi red  t o  compact t h e  co re  m a t e r i a l s  
with 8 passes of a towed, double drum tamping r o l l e r  a s  spec i f i ed .  

8.03 Core m a t e r i a l s  were placed wet of optimum a t  t h e  rock-core c o n t a c t s  
(photo 41). The purpose of p lac ing  t h e  wet te r  core ma te r i a l s  was t o  i n s u r e  
bonding between t h e  rock and t h e  co re  m a t e r i a l s  and t o  maximize t h e  f i l l i n g  of 
voids  and cracks i n  t h e  rock with core  ma te r i a l s .  Loose ma te r i a l  was removed 
from t h e  t r e a t e d  rock su r face  5 t o  8 f e e t  ahead of core  placement by a i r  hoses 
(photo 42). The cleaned and t r e a t e d  rock s u r f a c e  was throughly wetted p r i o r  
t o  the  placement of co re  ma te r i a l s .  The i n i t i a l  l i f t s  were placed i n  6 t o  
12-inch th ickness  with a f r ~ p t  end loade r  (photos 43 and 44). Compaction Was 
accmpl i ahed  by 8-wheel passes  of t h e  f r o n t  end loade r  d t h  a laaded bucket. 
Rubber t i r e d  wheel r o l l i n g  was used t o  prevent  damage t o  t h e  t r e a t e d  abutment 
s u r f a c e  by t h e  tamping r o l l e r .  The compacted su r face  was s c a r i f i e d  by back 
dragging t h e  bucket t e e t h  p r i o r  t o  p lac ing  a new l i f t .  The core m a t e r i a l s  
were placed a g a i n s t  each abutment a t  a s lope  of approximately 1V on 4H (photo 
45). Establishment of these  ramps allowed t h e  tamping r o l l e r  t o  compact 
c l o s e r  t o  t h e  abutment s i n c e  t h e  rock s u r f a c e  was pro tec ted  from t h e  tamping 
r o l l e r  by a l a y e r  of core  mater ia l .  Compaction with a tamping r o l l e r  was 
i n i t i a t e d  when a s u f f i c i e n t  t h i ckness  of  m a t e r i a l  covered t h e  abutment. 

TRANSITION MATERIALS 

8.04 T r a n s i t i o n  ma te r i a l s  were e i t h e r  excavated wi th  a f r o n t  end loade r ,  
processed through a screening p l a n t ,  and loaded d i r e c t l y  i n t o  bottom dump 
t r u c k s  o r  excavated wi th  a f r o n t  end loade r ,  loaded d i r e c t l y  i n t o  bottom dump 
t r u c k s  (photo 46 ) ,  and processed on grade by a motot grader  with a b lade  
modified t o  remove t h e  oversizd ina t e r i a l  (photo 47j .  The compacted su r face  of 
the  preceding l i f t  was s c a r i f i e d  t o  a depth of 6 inches p r i o r  t o  placement of 
t h e  next l i f t  wi th  t h e  r i p p e r s  on a motor grader .  The ma te r i a l s  were spread 
$n 12-inch l i f t s  by a motor grader  o r  a dozer.  Each l i f t  was compacted by 
fqur  passes of an s t e e l  drum v ib ra to ry  r o l l e r  which weighed 30,640 pounds and 
produced 69,160 pounds of dynamic f o r c e  and drum width of 84 inches wide o r  
four  passes of a n  s t e e l  drum v ib ra to ry  r o l l e r  which weighed 37,700 pounds and 
produced 83,500 pounds of dynamic fo rce  and drum width of 100 inches  (photo 46).  



8.05 No special procedures were used in placing and compacting transition 
materials at the rock contacts. Nested cobbles at the rock contacts were 
removed prior to compaction of the lift. 

PERVIOUS SHELL MATERIALS 

8.06 Pervious shell materials were excavated and hauled with two push dozers 
and scrapers or with a front end loader and dump trucks. The compacted 
surface of the preceding liff was scarified to a depth of 6 inches prior to 
placement of the next lift with the rippers on a motor grader (photo 46). The 
materials were spread in 24-inch lifts by a motor grader or dozer (photo 
48). Each lift was compacted by four passes of a steel drum vibratory roller. 

8.07 No special procedures were used in placing and compacting pervious shell 
materials at the rock contacts. Nested cobbles at the rock contacts were 
removed prior to compaction of the lift. 

GRAWL DRAIN 

8.08 Gravel drain material for the downstream horizontal toe drain was 
obtained by crushing and grading pervious shell materials (photo 35). The 
materials produced were stockpiled prior to placement. The gravel drain 
materials were placed with end dump trucks, spread with a rubber tired dozer 
and compacted by 8 controlled passes of the rubber tired dozer in order to 
minimize particle crushing. 

TYPE I STONE 

8.09 Type I stone was obtained using a screening plant to process the 
oversize, from the pervious shell material, developed during the production of 
transition, gravel drain and type I11 stone. Type I stone was placed on grade 
with a tracked backhoe (photos 55 and 56) and 150-ton crane with a BG blade. 

TYPE 111 STONE 

8.10 Type I11 stone was obtained by crushing and grading pervious shell 
material (photo 35). The type I11 stone was stockpiled prior to placement. 
The type 111 stone was placed on grade with a tracked backhoe and a 150-ton 
crane with a BG blade. 

SPILLWAY 

8.11 Excavation of the spillway is discussed in detail in the foundation 
report referenced in paragraph 2.04. The spillway excavation, in general, 
consisted of drilling explosive charge holes, blasting, and excavating. 
Excavation and hauling of the loosened rock was accomplished with push dozers 
and scrapers or with front end loader and end dump trucks. The excavated 
materials were stockpiled upstream of the right abutment and placed in the 
downstream pervious shell. The spillway walls were trimmed with a slope board 
attached to a dozer. The slope trilmning was conducted to remove overhangs, 
loose material, and dress up the slopes. 



OUTLET 

8.12 Excavation and c leaning  of t h e  o u t l e t  i s  discussed i n  d e t a i l  i n  
r e fe rence  c i t e d  i n  paragraph 2.04. The following i s  a b r i e f  d e s c r i p t i o n  of 
t h e  cons t ruc t ion  procedures of t h e  o u t l e t .  The o u t l e t  t rench  was r ipped with 
a dozer (photo 49) and excavated with push dozers  and sc rape r s  while t h e  
energy d i s s a p a t o r  was excavated by d r i l l i n g  explos ive  charge holes ,  b l a s t i n g ,  
and excavating. Excavation of t h e  loosened rock was accomplished with a 
t racked backhoe. The methods and procedures used t o  c l ean  t h e  o u t l e t  t r ench  
were s i m i l a r  t o  those used f o r  t h e  abutment. 

8.13 A concre te  plug o r  1V on 1H concre te  f i l l e t  was cons t ruc ted  wi th in  t h e  
core zone on both s i d e s  of t h e  o u t l e t  conduit  from the  su r face  of rock t o  t h e  
top of t h e  condui t  t o  preclude seepage pa ths  along t h e  o u t l e t  t r ench  and t o  
minimize d i f f e r e n t i a l  s e t t l emen t s  (photos 50, 51, 52, and 53). The concre te  
plug was not  cons t ruc ted  a s  designed due t o  t h e  g r e a t e r  depth of excavat ion i n  
t h e  ad jacent  core trench. A low slump, 314-inch aggregate mix was placed with 
a concre te  bucket and crane. The low slump allowed t h e  concre te  t o  be placed 
on t h e  1 V  on 1H s lope  without forms. The o u t l e t  conduit  and rock con tac t  
zones were prewetted before  t h e  concre te  was placed and t h e  concre te  was 
v ib ra t ed  with emphasis where t h e  concre te  contacted t h e  o u t l e t  conduit  and 
rock. 

8.14 The o u t l e t  conduit  and concre te  plug ( f i l l e t )  were t r e a t e d  a s  abutments 
within t h e  core zone. Loose ma te r i a l  was removed from the su r face  of the  
concre te  by a i r  hoses. The cleaned s u r f a c e  of t h e  concre te  was thoroughly 
wetted p r i o r  t o  t h e  placement of core  ma te r i a l s .  The i n i t i a l  l i f t s  were 
placed wi th  a f r o n t  end loader  and were placed wet of  optimum i n  6 t o  12 
inches t h i c k  l i f t s .  Compaction was accomplished by 8 wheel passes of t h e  
f r o n t  end loade r  wi th  a loaded bucket. Wheel r o l l i n g  was used t o  prevent  
damage t o  t h a  su r face  of t h e  concrete .  The compacted su r face  was s c a r i f i e d  by 
back dragging t h e  bucket t e e t h  p r i o r  t o  p lac ing  a new l i f t .  Compaction wi th  a 
tamping r o l l e r  was i n i t i a t e d  when a s u f f i c i e n t  th ickness  of ma te r i a l  covered 
t h e  concre te  plug o r  conduit.  

8.15 B a c k f i l l  and f i l l  ad j acen t  t o  t h e  condui t  placed o u t s i d e  of t h e  co re  
zone cons is ted  of t r a n s i t i o n  ma te r i a l s .  The ma te r i a l s  wi th in  2 f e e t  of t h e  
conduit  were placed i n  4-inch l i f t s  and compacted wi th  hand he ld  power tampers 
and hand operated v i b r a t i n g  r o l l e r s  t o  a t  l e a s t  95 percent maximum d e n s i t y  a s  
determined by ASM D 698. Before each l i f t  was placed t h e  preceeding l i f t  was 
s c a r i f i e d  by a small  lawn t r a c t o r  equipped with a rake. Also before  each l i f t  
was compacted t h e  l i f t  was processed t o  remove t h e  p lus  3-inch ma te r i a l  which 
was i n  contac t  with t h e  conduit.  Nested g rave l s  i n  poin t  contac t  along t h e  
conduit  were a l s o  removed. 

FOUNDATION DEPRESSION 

8.16 A 12 t o  14-foot depress ion  was excavated by a t racked backhoe i n  t h e  
s o f t  weathered d i o r i t e  and i n t r u s i v e  rock during excavat ion of t h e  core  
trench. The depress ion  was loca ted  between s t a t i o n  14+85 and 15+25 and 
between 5 and 35 f e e t  upstream of the  c e n t e r l i n e  of t h e  dam. 





I X ,  MATERIAL PROPERTIES 

GENERAL 

9.01 A s  requi red  by ER 1110-2-1925, "F ie ld  Control  Data f o r  Ear th  and 
Rockf i l l  Dams," f i e l d  con t ro l  r e s u l t s  were summarized by t h e  Resident Engineer 
s t a f f  and pe r iod ica l ly  t ransmi t ted  t o  Engineering Division dur ing  a c t i v e  
cons t ruc t ion  periods.  These r e p o r t s ,  a long with t h e  Report of S o i l  Tes ts  on 
t h e  New River Dam record samples, y ie lded  t h e  following r e s u l t s :  

CORE.MATERIALS 

F i e l d  Control  Resu l t s  

9.02 F ina l  s t a t i s t i c a l  summaries of f i e l d  con t ro l  t e s t  r e s u l t s  on t h e  core  
ma te r i a l  a r e  presented g raph ica l ly  on p l a t e  33. The monthly f i e l d  con t ro l  and 
placement d a t a  obtained a s  p a r t  of t h e  QA program, a r e  shown on p l a t e  34. A 
plan and p r o f i l e  of the  f i e l d  con t ro l  t e s t  l o c a t i o n s  a re  shown on p l a t e  35. 

a .  Moisture-Compaction Trends. P ro jec t  s p e c i f i c a t i o n s  requi red  the  
placement moisture content  of t h e  core ma te r i a l  t o  be wi th in  3 percent below 
t o  3 percent  above t h e  optimum moisture con ten t ,  and t h a t  t h e  ma te r i a l  be 
compacted by 8 passes of a  r o l l e r .  Design required t h e  ma te r i a l  be compacted 
t o  not  l e s s  than 95 percent  of maximum dry d e n s i t y  a s  determined by ASTM D 698. 
The f i e l d  con t ro l  t e s t  r e s u l t s  i n d i c a t e  t h a t  core f i l l  was gene ra l ly  placed 
s l i g h t l y  dry of optimum wi th  a  mean of 0.2 below optimum moisture content .  The 
p l o t  of placement moisture content  f o r  t h e  core  ma te r i a l  i n d i c a t e s  s l i g h t l y  
d r i e r  placement during t h e  l a t e  spr ing  and summer months. An upward t rend  i n  
placement moisture i s  observed during t h e  autumn months through the  end of t h e  
p ro jec t .  This  i s  a t t r i b u t e d  t o  t h e  coo le r  temperatures.  Resu l t s  of f i e l d  

e 
dens i ty  t e s t s  i n d i c a t e  t h a t  the  core ma te r i a l s  were compacted t o  an average of 
101.1 percent  of maximum dry d e n s i t y  (ASW D-698) wi th  an average d ry  d e n s i t y  
a t  122.2 pcf. 

b. Gradation. Spec i f i ca t ions  requi red  t h e  core  ma te r i a l  t o  have a  
minimum of 20 percent  by weight passing t h e  No. 200 sieve.  Resul t s  of f i e l d  
c o n t r o l  t e s t s  i n d i c a t e  t h a t  none of t h e  t e s t s  had l e s s  than 22 percent  passing 
the  No. 200 s i e v e ,  while 10 percent  of t h e  t e s t s  had more than 52 percent  
passing t h e  No. 200 s i eve .  The f i n e s  content  a n t i c i p a t e d  during des ign  had a 
median of 35 percent  by weight passing t h e  No. 200 s ieve .  while the  f i e l d  
con t ro l  r e s u l t s  had an median of 39 percent  by weight passing t h e  No. 200 
s ieve .  

Record Test  Resu l t s  

9.04 Tes t  r e s u l t s  performed by t h e  SPD Laboratory on tecord  samples of t h e  
core  ma te r i a l  a r e  summarized on p l a t e  36. 

a. Permeabil i ty .  Permeabil i ty  t e s t s  were performed i n  both  t h e  
ho r i zon ta l  and v e r t i c a l  d i r e c t i o n s  on samples from th ree  undisturbed core 
ma te r i a l  record samples. The r e s u l t s  a r e  shown on p l a t e  36. The ho r i zon ta l  
pe rmeab i l i t i e s  ranged from 0.011 t o  0.058 f e e t  per day ( fpd)  and t h e  v e r t i c a l  



permeabilities ranged from 0.012 to 0.06 fpd. Both the maximum horizontal and 
vertical permeabilities were lower than the design permeabilities of 1.5 and 
0.3 fpd, respectively. 

b. Shear Strength. Core material shear strengths were determined for un- 
disturbed record samples using triaxial compression tests in accordance with the 
procedures described in EM 1110-2-1906,"Laboratory Soil Testing," 30 November 
1970. The total strength was not determined under the unconsolidated 
undrained condition (Q-type) because the tests performed for thq General 
Design Memorandum, which is referenced in paragraph 2.01, indicated that the 
design strength determined from unconsolidated-undrained condition (Q-type) 
was higher than the design strength determined from the consolidated-undrained 
condition (&type). This occurs because samples tested in the unconsolidated- 
undrained condition are not back pressure saturated and therefore developed 
lower pore-pressures than similar samples tested in the consolidated-undrained 
condition which are back pressure saturated. Both the total and effective 
strengths were determined under consolidated-undrained conditions with pore- 
pressures measured and recorded. The as-built strengths were higher than the 
selected design strengths. The as-built "R" strength had an angle of internal 
friction of 16 degrees and a cohesion of 980 pounds per square foot (psf). 
This strength was higher than the design angle of internal friction of 12 
degrees and a cohesion of 600 psf. The as-built effective "So' strength had an 
angle of internal friction of 34 degrees. This strength was higher than the 
design angle of internal friction of 32 degrees. The selection of the 
strength parameters is based on the guidelines outlined in Section 9 of EM 
1110-2-1902, Stability of Earth and Rockfill Dams, 1 April 1970. 

c. Consolidation. Consolidation tests were performed on undisturbed 
record samples obtained from the core zone of the embankment. The results of 
these tests are shown graphically on plate 36, in terms of void ratio (e) 
versus pressure (log P) curves. The record samples had consolidation curves 
similar to those used in design. The initial void ratio of the undisturbed 
record samples varied from 0.38 to 0.45. 

TRANSITION MATERIALS 

Field Control Results 

9.05 Final statistical suwaries of field control test results on the 
transition material are presented graphically on plate 37. The monthly field 
control and placement data obtained as part of the QA program, are shown on 
plate 38. A plan and profile of the field control test locations are shown on 
plate 35. 

a. Moisture-Compaction Trends. Specifications had no requirement on the 
placement moisture content of the transition material. Design required the 
material be compacted to not less than 80 percent relative density and the 
average compaction be at least 85 percent relative density as determined by 
ASTM D 2049. Studies performed during placement of the verification and 
demonstration fill indicated that in order to achieve 85 percent relative 
density the materials had to be compacted to 98 percent of the maximum densitv 
as determined by a compaction test equivalent to-ASTM D 698. 

0 



The mean placemept moisture content was 3.4 percent. The materials were 
significantly drier during the dry, hot summer months. Field density tests 
show the transition material is compacted to an average of 99.4 percent of 
maxiolum dry density with an average dry density of 136.5 pcf. Appendix I1 
discusses the method u,sed to correct for oversize. 

b. Gradation. Specifications required the transition material be 
processed pervious shell material. 

Record Test Results 

9.06 Test results performed by the SPD Laboratory on remolded record samples 
of the transition material are shown on plate 39. At least 75 percent of the 
field dry densities were denser than 132 pcf; therefore, the record samples 
were remolded to 132 pcf for permeability and shear tests. 

a. Permeability. Results of the record permeability tests on the 
transition material ranged from 0.56 to 1.2 fpd with an average value of 1 fpd. 
This is lower than the 20 fpd assumed in design. 

b. Shear Strength. Transition material shear strengths were determined 
for remolded record samples using triaxial compression tests. Strengths were 
determined under consolidated undrained conditions with pore pressures measured 
and recorded (R-type). The as-built strengths were higher than the assumed 
design strengths. The as-built "R" strength had an angle of internal friction 
of 27 degrees and a cohesion of 1000 psf. The selected design "R" strength had 
an angle of internal friction of 23 degrees and a cohesion of 930 psf. The as- 
built effective 'IS" strength had gn angle of internal friction of 40 degrees. 
This was slightly higher than the design angle of internal friction of 
39 degrees. The selection of the strength parameters is based on the 
guidelines outlined in section 9 of EM 1110-2-1902, Stability of Earth and 
Rockfill Dams, 1 April 1970. 

PERVIOUS SHELL MATERIALS 

Field Control Results 

9.07 Final statistical sunmaries of field control test results on the pervious 
shell material are presented graphically on plate 40. The monthly field 
control and placement data obtained as part of the QA program, are shown on 
plate 41. A plan and profile of field test locations are shown on plate 35. 

a. Moisture-Compaction Trend. Specifications had no requirement on the 
placement moisture content of the pervious shell material. Design required the 
Aterial be compacted to not less than 80 percent relative density and the 
average compaction be at least 85 percent relative density as determined by 
ASTM D 2049. Studies performed during the verification and demonstration fill, 
indicated that in order to achieve 85 percent relative density the materials 
had to be compacted to 98 percent of the maximum density as determined by a 
canpaction test equivalent to ASTM D 698. 



The mean placement moisture content  was 2.8 percent .  The m a t e r i a l s  were 
s i g n i f i c a n t l y  d r i e r  during the dry,  hot  summer months. F i e ld  dens i ty  tests 
show the  pervious s h e l l  m a t e r i a l  was compacted t o  an average of 103.1 percent 
of maximum dry dens i ty  with an average dry dens i ty  of 144.6 pcf.  Appendix I1 
discusses  the method used t o  c o r r e c t  f o r  overs ize .  

b. Gradation. Spec i f i ca t ions  required the pervious s h e l l  ma te r i a l  t o  
have no more than 10 percent  by weight passing the  No. 200 s ieve .  F i e l d  
con t ro l  test r e s u l t s  i n d i c a t e  t h a t  l e s s  than 12 percent  of t h e  pes ts  had more 
than 10 percent passing No. 200 s ieve .  The average f i n e s  content  fo r  the  
pervious s h e l l  zones was 6 percent .  

Record Test Resul ts  

9.08 Test r e s u l t s  performed by the SPD Laboratory on remolded record samples 
of the pervious s h e l l  ma te r i a l  a r e  shown on p l a t e  42. When correc ted  f o r  
overs ize ,  s ee  Appendix 11, the  mat r ix  of  a t  l e a s t  75 percent of the f i e l d  d ry  
d e n s i t i e s  were denser than 132 pcf; t h e r e f o r e  the  record samples were remolded 
t o  132 pcf fo r  permeabil i ty  and shear  t e s t s .  

a. Permeabil i ty .  Resul t s  of record permeabil i ty  t e s t  on the  pervious 
s h e l l  ma te r i a l s  ranged from 7 t o  46 fpd with an average value of 35 fpd. This 
i s  h igher  than the 20 fpd se l ec t ed  i n  design. 

b. Shear S t rength .  Pervious s h e l l  shear s t r eng ths  were determined f o r  
remolded record samples us ing  t r i a x i a l  compression t e s t s .  S t rengths  were 
determined under consol idated undrained condit ions with pore-pressures 
measured and recorded (R-type). The a s -bu i l t  s t r eng ths  a re  higher  than the  
se l ec t ed  design s t r eng ths .  The a s -bu i l t  "R" s t r eng th  has an angle of i n t e r n a l  
f r i c t i o n  of 27 degrees and a cohesion of 1000 psf .  The se l ec t ed  des ign  "R" 
s t r eng th  has an angle  of i n t e r n a l  f r i c t i o n  of 23 degrees and a cohension of 
930 psf .  The a s -bu i l t  e f f e c t i v e  "S" s t r eng th  has an angle of i n t e r n a l  
f r i c t i o n  of 40 degrees. This is s l i g h t l y  higher  than the  design angle of 
i n t e r n a l  f r i c t i o n  of 39 degrees. The s e l e c t i o n  of the  s t r eng th  parameters is 
based on the gu ide l ines  ou t l ined  i n  Sec t ion  9 of EM 1110-2-1902, S t a b i l i t y  of 
Earth and Rockf i l l  Dams, 1 Apr i l  1970. 

GRAVEL DRAIN MATERIAL 

F ie ld  Control Resul t s  

9.09 a. Density. Spec i f i ca t ions  requi red  the  gravel  d r a i n  ma te r i a l  be 
compacted t o  not l e s s  than 85 percent  of r e l a t i v e  dens i ty  a s  determined by 
ASTM D 2049. F ie ld  d ry  dens i ty  t e s t s  show the gravel  d r a i n  ma te r i a l  i s  
compacted t o  an average of 102 percent  of r e l a t i v e  dens i ty  with an average dry 
dens i ty  of 109 pcf. 

b. Gradation. A f i n a l  s t a t i s t i c a l  ana lys i s  of f i e l d  con t ro l  gradat ion  
t e s t  r e s u l t s  on g rave l  g r a i n  m a t e r i a l  i s  summarized on p l a t e  43. 



Record Test  Resul t s  

9.10 Test  results on remolded record t e s t  samples of t h e  g rave l  d r a i n  
ma te r i a l  a r e  shown on p l a t e  43. The samples were remolded t o  109 pcf.  

a. Permeabil i ty .  Results of t h e  record permeabil i ty  t e s t s  on t h e  g r a v e l  
d r a i n  ma te r i a l  ranged from 1000 t o  1800 fpd with an average value of 1500 
fpd. This i s  lower than the  7000 fpd s e l e c t e d  i n  design. 

b. Shear Strength.  Gravel d r a i n  ma te r i a l  shear s t r eng ths  were determined 
f o r  remolded record samples using t r i a x i a l  compression t e s t s .  S t rengths  were 
determined under consol idated d r a i n  cond i t ions  (S-type). The a s -bu i l t  "S" 
s t r e n g t h  has  an angle  of i n t e r n a l  f r i c t i o n  of 40 degrees. This  i s  h igher  than 
t h e  se l ec t ed  design angle  of i n t e r n a l  f r i c t i o n  of 35 degrees. The s e l e c t i o n  
of t h e  s t r e n g t h  parameters i s  based on t h e  g u i d e l i n e s  ou t l ined  i n  Sec t ion  9 
EM 1110-2-1902, S t a b i l i t y  of Ear th  and R o c k f i l l  Dams, 1 ~ ~ r i i  1970. 

c .  Rock Qual i ty  Tests .  The r e s u l t s  of L.A. R a t t l e r ,  s p e c i f i c  g r a v i t y ,  
and s u l f a t e  soundness t e s t s  a r e  summarized i n  t a b l e  5. The t e s t  r e s u l t s  
i n d i c a t e  t h a t  t h e  ma te r i a l s  meet s p e c i f i c a t i o n  requirements.  

INFILLING MATERIAL 

9.11 An inspec t ion  of t h e  core  t r ench  s u r f a c e ,  fol lowing t h e  completion of 
s t a g e  I excavat ion,  revealed t h e  presence of a pervasive green c l ay  i n f i l l i n g  
ma te r i a l  along predominantly high ang le  j o i n t  planes i n  t h e  a n d e s i t e  
bedrock. The i n f i l l i n g  ma te r i a l  was r e s t r i c t e d  t o  t h e  core t rench  between 
s t a t i o n  29+64 a t  t h e  edge of bedrock excavat ion  and approximately s t a t i o n  
314-70 near  t h e  base of t h e  r i g h t  abutment slope. P r io r  t o  foundation 
prepara t ion ,  samples of t h e  green c l a y  i n f i l l i n g  ma te r i a l  wpre obtained and 
sen t  t o  t h e  SPD and ERTEC l a b o r a t o r i e s  f o r  t e s t i n g .  Due t o  the  sniall s i z e  of 
t h e  samples, only d i spe r s ion  and c l a s s i f i c a t i o n  t e s t s  were performed. The 
r e s u l t s  a r e  enclosed a s  attachments 1 and 2. 

C l a s s i f i c a t i o n  

9.12 The abutment i n f i l l  m a t e r i a l  c l a s s i f i e s  a s  a p l a s t i c  c l a y  (CH). 

Dispersion 

9.13 Dispersion t e s t s  i n d i c a t e  t h e  i n f i l l  m a t e r i a l s  i s  nondispersive.  



X. EMBANKMENT ANALYSIS 

SLOPE STABILITY 

10.01 The r e s u l t s  of t e s t s  performed on record  samples i n d i c a t e  t h a t  t h e  
permeabi l i ty  of the  as-constructed pervious s h e l l  ma te r i a l  i s  higher  than t h e  
s e l e c t e d  des ign  permeabi l i ty  and t h a t  t h e  shear  s t r e n g t h  of t h e  as-constructed 
embankment m a t e r i a l s  a r e  h igher  than t h e  des ign  shear s t r eng ths .  Therefore,  
t h e  upstream s h e l l  w i l l  d r a i n  f a s t e r  dur ing  drawdown and t h e  s lope  s t a b i l i t y  
s a f e t y  f a c t o r s  of the  as-constructed embankment s lopes  w i l l  exceed t h e  
o r i g i n a l  des ign  s a f e t y  f a c t o r s .  The s t a b i l i t y  of t h e  emban opes was 
not reanalyzed. The des ign  va lues  a r e  summarized i n  t a b l e  

SETTLEMENT 

10.02 The r e s u l t s  of t h e  conso l ida t ion  t e s t s  on record samples from t h e  core  
m a t e r i a l s  of the  as-constructed embankment i n d i c a t e  ni s i g n i f i c a n t  v a r i a t i o n  
i n  t h e  e versus  log  p curves  when compared t o  t h e  des ign  conso l ida t ion  
t e s t s .  The expected se t t l emen t s ,  t h e r e f o r e ,  should not  exceed t h e  es t imated  
se t t l emen t s  ca l cu la t ed  during design.  

SEEPAGE 

10.03 The r e s u l t s  of t e s t s  performed on record samples i n d i c a t e  t h a t  t h e  
pe rmeab i l i t i e s  of t h e  co re ,  t r a n s i t i o n ,  and g rave l  d r a i n  ma te r i a l s  of t h e  
as-constructed embankment a r e  lower than  t h e  des ign  pe rmeab i l i t i ee  f o r  t hese  
ma te r i a l s  and t h a t  t h e  permeabi l i ty  of t h e  pervious s h e l l  ma te r i a l  of t h e  
as-constructed embankment i s  h igher  than  t h e  des ign  permeabi l i ty  f o r  t h e  
pervious s h e l l  mater ia l .  

10.04 The through seepage a n a l y s i s  of t h e  as-constructed dam embankment w i l l  
d i f f e r  from t h e  a n a l y s i s  performed during design. The flow n e t  developed t o  
determine t h e  through seepage q u a n t i t i e s  f o r  t h e  dam embankment during des ign  
was based on the  fol lowing assumptions ( 1 )  t h e  core was cracked and f i l l e d  
wi th  t r a n s i t i o n  m a t e r i a l  and ( 2 )  t h e  p e r m e a b i l i t i e s  of t h e  pervious s h e l l  and 
t r a n s i t i o n  ma te r i a l s  were equal.  As  shown i n  f i g u r e  5, t h e  through seepage 
q u a n t i t i e s  were est imated t o  be on t h e  o r d e r  of 245 cubic f e e t  per  day pe r  
f o o t  of embankment l e n g t h  with t h e  pool a t  sp i l lway c r e s t .  The flow n e t  
developed t o  determine t h e  through seepage q u a n t i t i e s  f o r  t h e  as-constructed 
dam embankment, see f i g u r e  6 ,  was based on t h e  assumption t h a t  t h e  core  was 
cracked and f i l l e d  wi th  t r a n s i s t i o n  ma te r i a l .  From t h e  f i g u r e ,  t h e  through 
seepage q u a n t i t i e s  were es t imated  t o  be on t h e  order  of 50 cubic f e e t  per day 
per f o o t  of embankment l e n g t h  wi th  t h e  pool a t  spi l lway c r e s t .  

10.05 The a n a l y s i s  of t h e  as-constructed g r a v e l  d r a i n  w i l l  d i f f e r  from the  
a n a l y s i s  performed dur ing  des ign  because t h e  as-constructed permeabi l i ty  of  
t h e  g r a v e l  d r a i n  ma te r i a l  i s  lower than t h e  design permeabil i ty .  The 
r e a n a l y s i s  i n d i c a t e s  t h a t  t h e  as-constructed g rave l  d r a i n  would be capable of 
handling t h e  as-constructed through seepage q u a n t i t i e s .  The as-constructed 
embankment through seepage i s  only  115 of t h e  des ign  va lue  r equ i r ing  a th inne r  
g rave l  d r a i n  blanket  than  requi red  by design.  



10.06 The through seepage a n a l y s i s  of t h e  as-constructed d ike  no. 1 embankment 
w i l l  no t  d i f f e r  from t h e  a n a l y s i s  performed during design. The flow net  
developed t o  determine t h e  through seepage q u a n t i t i e s  f o r  the d ike  no. 1 
embankment during des ign ,  see f i g u r e  7 ,  was based on an i n t a c t  core.  The lower 
permeabi l i ty  of t h e  as-constructed co re  m a t e r i a l  would reduce t h e  through 
seepage q u a n t i t i e s .  



X I .  DIVERSION AND CONTROL OF WATER 

11.01 The d ive r s ion  and c o n t r o l  of water  cons i s t ed  of t h e  cons t ruc t ion  of two 
temporary d i v e r s i o n  l e v e e s  t o  pass  t h e  25-year f lood flow of 28,000 cfs .  The 
f i r s t  d ive r s ion  l e v e e  ( s t a g e  I d ive r s ion  l evee )  was constructed t o  p ro tec t  t h e  
west ( r i g h t )  abutment and t h e  s t a g e  I foundat ion  and core  t r ench  excavat ion 
and embankment, s ee  p l a t e  44. Af t e r  g rou t ing  t h e  rock exposed by the  s t a g e  I 
co re  t r ench  excavat ion  and g rou t ing  t h e  west abutment t o  e l e v a t i o n  1406, t h e  
s t a g e  I embankment was cons t ruc ted  t o  e l eva t ion  1380 and capped with a 1-foot 
l a y e r  of e r o s i o n  r e s i s t a n t  m a t e r i a l  and a 2-foot l a y e r  of type I s tone .  The 
ma te r i a l s  from t h e  s t a g e  I d ive r s ion  l evee  were used t o  cons t ruc t  t h e  second 
temporary d ive r s ion  l evee  ( s t a g e  I1 d i v e r s i o n  l evee )  which profected t h e  e a s t  
abutment, o u t l e t  works, and t h e  s t a g e  I1 foundation and core  t r ench  excavat ion 
and embankment, s e e  p l a t e  44. A 300-foot wide breach was l e f t  i n  t h e  
embankment between t h e  s t a g e  I1 d ive r s ion  l evee  and t h e  west abutment. 
Mater ia l s  f r o q  t h e  s t a g e  I1 d i v e r s t o n  l evee  were placed i n  t h e  appropr i a t e  
zones of t h e  embank ment during t h e  c losure .  

11.02 Closure of t h e  breach commenced on October 1984. The embankment was 
cons t ruc ted  t o  e l e v a t i o n  1456 by November 27, 1984, and t o  e l eva t ion  1485 by 
n n n a n h n r  '21 1  Thn n m h n n b m n n t  ..ma + n n n n A  n4.C < n  l.-..ar.r l 0 Q K  
Y C C C ' Y Y C L  d . ,  A,"-. ALL.. ..LLLYU..L.YY..L.C "U" C Y Y Y C U  "UL At. U - . L U I I L ,  A,">. 



XI I. INSTRUMENTATION 

12.01 Instrumentat ion cons is ted  of i n s t a l l i n g  50 se t t lement  monuments and 
3 observa t ion  wells .  Twenty-two monuments were i n s t a l l e d  a t  t h e  upstream edge 
of t h e  c r e s t  of t h e  dam embankment and twenty-one monuments were i n s t a l l e d  a t  

e 
t h e  upstream edge of t h e  c r e s t  of d ike  no. 1 t o  monitor c r e s t  s e t t l emen t s .  
Seven monuments were i n s t a l l e d  on t h e  upstream s lope  of t h e  dam embankment t o  
monitor s lope  movements. See p l a t e  45 f o r  t h e  l o c a t i o n  of t h e  se t t l emen t  
monuments. The t h r e e  observat ion wel l s  were i n s t a l l e d  t o  monitor t h e  ground 
water l e v e l s .  See p l a t e  1 f o r  t h e  l o c a t i o n  of t h e  observa t ion  wel l s .  



X I I I .  CONSTRUCTION NOTES 

MODIFICATIONS AND CHANGES 

13.01 Modif icat ions and changes were made t o  t h e  p lans  and s p e c i f i c a t i o n s  
di~rinp.  con t ruc t ion  t o  u t i l i z e  a v a i l a b l e  cons t ruc t ion  ma te r i a l s  and due t o  - - 

condi t ions  not  a n t i c i p a t e d  during design.  The geotechnica l  r e l a t e d  c o n t r a c t  
modif ica t ions  and f i e l d  changes a r e  l i s t e d  i n  t a b l e s  7  and 8. The f i n a l  
c o n t r a c t  bid items wi th  es t imated  and a c t u a l  q u a n t i t i e s  a r e  i n  t a b l e  9. 

13.02 The a c t u a l  q u a n t i t i e s  f o r  t h e  geotechnica l  r e l a t e d  bid $terns 7b. 9 ,  and 
lob  were s i g n i f i c a n t l y  h igher  than t h e  es t imated  amounts. Items 7b and l o b  
were higher  because more foundation prepara t ion  was done during cons t ruc t ion  
than was a n t i c i p a t e d  during design.  Item 9  was h igher  because t h e  top  of rock 
was lower than  was a n t i c i p a t e d  dur ina  d e s i m .  see  p l a t e  18. 

13.03 The a c t u a l  q u a n t i t i e s  f o r  t h e  geotechnica l  r e l a t e d  bid items 4 ,  6a, 6b, 
22, 39 f ,  and 39g were s i g n i f i c a n t l y  lower than  t h e  est imated amount. Items 
6a,  6b, and 22 were n o t  used a t  a l l .  Item 4 was lower because t h e  amount of 
ma te r i a l  s u i t a b l e  f o r  t o p s o i l  was th inne r  than a n t i c i p a t e d  during design.  
Items 39f and 39g a r e  d iscussed  i n  d e t a i l  i n  t h e  foundation r e p o r t  re ferenced  
i n  paragraph 2.04 



XIV. RECOMMENDATIONS AND CONSIDERATIONS 

14.01 The following items noted during various construction phases may be 
helpful for the design, specification preparation, and construction of other 
projects. 

14.02 A well defined verification fill should be required by specifications 
and included in the project plans to demonstrate, verify, and evaluate the 
contractors embankment construction procedures consisting of placement, 
spreading, compacting, and scarifying. This would aid the contractor and 
inspection personnel in embankment construction control. 

14.03 The processing requirements necessary to produce a selected gradation 
of stone from alluvial borrow materials and to estimate the quantity of the 
selected stone available should be based on actual data such as mass 
gradations performed on representative samples of the material rather than on 
visual estimates of the percentages of cobbles and boulders and on an estimate 
of the maximum particle size while logging the test trenches and test holes 
during field exploration. The size of the representative samples, should be 
significantly large and based on the relative abundance of oversize and the 
maximum particle size. The mass gradations should be used to adjust the 
visual estimates of the percentages of cobbles and boulders for the logs of 
test trenches and test holes for which mass gradations are hot performed. 

14.04 The number of passes required to compact the core, transition, and 
pervious shell materials to each materials design density was reduced from 8 to 
4 passes based on the results of the verification and demonstration fills. In 
future Design Memorandums and Plans and Specifications the number of passes 
required to compact similar materials to 90 percent ASTM D 1557 should be 
reduced from 8 passess to 6 passes. 

14.05 The material for pervious shell was identified in the specifications as 
clean, free draining gravelly sand and sandy gravel, with not more than 
10 percent of the material, by weight, shall pass the No. 200 sieve. Because 
terms such as clean and free draining are interpreted differently by different 
occupations, the identification and suitability of materials should be based 
on gradation and Atterberg limits tests only. 







T a b l e  1. DAM FOUNDATION-FIELD DENSITIES, RELATIVE DENSITIES, DESIGN DATA 

Dry D e n s i t y  
ASTM . ASTM 

D 2049~ D 698-70e 
T e s t  h o l e  Deptk F i e l d  Max. Min. Max. RD Compaction Foundat ion 
o r  t r e n c h a  ( f t )  ( p c f )  ( p c f )  ( p c f )  ( p c f )  (X) (%) zones  

TT 80-197 0 98.5 (*) (*I (*) S t r a t u m  A 

TT 80-198 0 98.9 (*) (*) (*) St ra tum A 

TT 80-199 0 105 (*) (*) (*) S t r a t ~ m  A 

TT 80-201 0 99.1 (*) (*) (*I S t r a t u m  A 

TT 80-202 0 105.8 (*I (*I (*I S t r a t u m  A 

TH 80-34 10 146.5 147.4 124.6 (*) 9 7 (*) St ra tum B 

TH 80-35 8 139.7 139 124.3 (*) 104 (*) - S t r a t u m  B 

TT 80-197 8 f85.1 140.7 119.3 (*) 264 (*) S t r a t u m  B 

TT 80-198 8 143.6 146.9 131 146.2 81 9 1 S t r a t u m  B 

I 
TT 80-199 9 140.2 143.2 130.6 (*) 7 8 (*I S t r a t u m  B 

TT 80-199 15 135.2 144.4 126 139.8 53 97 S t r a t u m  B 

TT 80 200 7 125.2 139.8 112.7 134.4 52 93 S t r a t u m  B 

~ TT 80 201 6 135.1 140.1 121.6 138.6 76 97 S t r a t u m  B 
I 

TT 80-201 13 143.1 146.6 134 144.6 74 99 S t r a t u m  B 

Note: S e e  f o o t n o t e s  at  end of t a b l e .  



I Table 1. (Continued) 

Dry Density 
ASTMd ASTM 

D 2049 D 698-7oe 
Test  hole Deptk Field Max. Min. Max. RD Compaction Foundation 
o r t r e n c h a  ( f t )  (pcf)  (pcf )  (pcf)  (pcf)  (%) (%) zones 

TT 80-202 9 141.9 140.9 128.3 137.6 107 103 Stratum B 

I TH 79-32 13  149.9 148.6 115.9 (*) 103 (*I Stratum C 

I TH 79-33 9 137.5 133.9 110.2 (*) 112 (*) Stratum C 

I TH 79-34 18 141.1 138 125.2 (*) 121 (*) Stratum C 

I TH 80-35 18 (*) 142.3 128.7 (*) (*) (*I Stratum C 

TT 80-197 1 2  148.3 147 123.5 (*I 105 (*I Stratum C 

TT 80-198 15 139.4 144.8 125.1 (*) 75 (*) Stratum C 

TT 80-199 18 (*) 150.4 129.5 146.3 (*) (*) Stratum C 

TT 80-200 13 f123.5 142.2 114.3 (*I 38 (*) Stratum C 

I TT 80-201 18 138.2 138.3 115.8 141 98 98 Stratum C 

TT 80-202 15 142.1 136.9 120.1 139.9 126 102 Stratum C 

Note: Astrisk (*) indicates  not t es ted  o r  determined. 
a. See p l a t e  3 for locat ion of t e s t  holes and t e s t  trenches. 
b. Depth indicates  distance from ground surface t o  the  top of the sample. 
c. Field  dens i t i es  were performed on minus 12-inch material.  
d. ASTM D 2049 t e s t s  performed on minus 3-inch material  and the  dens i t i es  corrected for  percent 

oversize. 
e. ASTM D 698-70 t e s t s  perfonned on -314-inch material ,  and the  dens i t i e s  corrected f o r  percent 

oversize. 
f .  Error i n  large-scale density.  







Table 4. DAM FOUNDATION-FIELD DENSITIES AND COMPACTION TEST RESULTS, 
CONSTRUCTION DATA 

ASTM 
F i e l d  Dry D 698-70 

Elevat ion  Density Max Compaction 
S t a t i o n  Of f se t  ( f t )  ( p c f )  ( p c f )  ( % )  

a .  US denotes  upstream of c e n t e r l i n e  and DS denotes  downstream of c e n t e r l i n e .  
b. E levat ion  i n d i c a t e s  top  of sample. 
c. ASTM D 698-70 t e s t s  performed on 2-inch ma te r i a l  and t h e  d e n s i t i e s  

co r rec t ed  f o r  percent  overs ize .  





Table 6. EMBANKMENT AND FOUNDATION, SUMMARY OF GDM AND AS-CONSTRUCTED DESIGN VALUES 

Shear St rength  
Unit Weight R Q Permeabil i ty 

Wet Sa t  0 C 0 

Zone 
(pcf)  ( W f )  (Degree) (Degree) (psf  (Degree) (fpd)  

GDM Const GDM Const GDM Const GDM Const GDK Const GDM Const GDM Const 

Core a128 (136) a135 (139) 32 (34) 12 (16) 
S h e l l  b136 (149) b146 (154) 39 (40) 23 (21) 
Trans i t ion  b130 (141) 144 (149) 39 (40) 23 (27) 
Drain '124 (112) '134 (131) 35 (40) 
Found Stratum B 134 -- 151 --- 40 --- 29 --- 
Found Stratum C 144 --- 150 --- 36 --- 14 --- 
Found Dike i!1 136 -- 142 --- 36 -- 14 -- 
Found Dike /12 150 --- 45 -- 

a. Compacted t o  95-percent maximum d e n s i t y  AS'LM D 698. 
b. Compacted t o  85-percent r e l a t i v e  d e n s i t y  ASTM D 2049. 
c. Values developed from d a t a  a v a i l a b l e  i n  t h e  Los Angeles District files. 
d. Values i n  pa ren thes i s  were developed from f i e l d  dens i ty  test performed dur ing  cons t ruc t ion  o r  from labora to ry  t e s t s  

performed on record test samples. 





Table 8. FIELD CHANGES 

-- 

Item Date Descr ip t ion  Cost 

Core* Inc rease  l i f t  t h i ckness  No Cost 
from 8" t o  12" and reduced 
pumber of passes  from 8 t o  4 
based on demonstrat ion and 
p e r i f i c a t i o n  f i l l  construction 
r e s u l t s .  

T r a n s i t i o n  Reduce qumber of passes  f ~ a m  No Cost 
8 t o  4 based on demonstrat$on 
and v e r i f i c a t i o n  f i l l  
cons t ruc t ion  r e s u l t s .  

Pervious S h e l l  Reduce number of passes  No Cost 
from 8 t o  4 based on 
demonstrat ion and v e r i f i c a t i o n  
f i l l  cons t ruc t ion  r e s u l t s  

*Because t h e  c o n t r a c t o r  d id  not  use t h e  same towed, double drum tamping r o l l e r  
t o  c o n s t r u c t  t h e  embankments a s  he used i n  t h e  demonstration and v e r i f i c a t i o n  
f i l l ,  t h e  c o n t r a c t o r  was requi red  t o  compact t h e  core ma te r i a l s  with 8 passes  
of  a  towed, double drum tamping r o l l e r  a s  s p e c i f i e d .  





TABLE 9. (Continued) 

Actual 
Quanti ty 

Estimated 
Descr ip t ion  Q u a n t i t y  Unit 

FILL, TOE 21,000 Cu. Yd. 

FILL, MISCELLANEOUS 245,000 Cu.Yd. 

ADDITIONAL ROLLJNG 500 Hours 

GRAVEL DRAIN 9,000 Cu.Yd. 

STONE, TYPE I 35,000 Ton 

STONE, TYPE I1 40,000 Ton 

STONE, TYPE I11 50,000 Ton 

Unit 
P r i c e  

Item 
No. - 

GROUTING, STONEWORK 1,600 Cu. Yd. 

CONCRETE, CONDUIT 1,400 Cu. Yd. 

CONCRETE, OUTLET CHANNEL SILL 13 Cu. Yd. 

CONCRETE, SPILLWAY SILL 36 Cu.Yd. 

INTAKE STRUCTURE 1 Job L.S. 

L. S. ENERGY DISSIPATOR 1 Job 

CONCRETE PLUG (LEAN MIX) 
( a )  FIRST 300 Cu. Yd. 300 Cu.Yd. 
( b )  OVER 300 Cu. Yd. 100 Cu.Yd. 

CONCRETE, DENTAL 
( a )  FIRST 1000 Cu. Ft .  1,000 Cu.Yd. 
( b )  OVER 1000 Cu. Ft .  750 Cu. Yd. 

GROUT, SLURRY 
( a )  FIRST 500 Cu. Ft .  
( b )  OVER 500 Cu. Ft.  

500 Cu, Ft.  
500 Cu. Ft. 

OPTION No. 1 

PORTLAND CEMENT 8,400 Cwt . 
STEEL REINFORCEMENT 240 Ton 

WATERSTOP 400 Lin. Ft. 
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TABLE 9. (Continued) 

Estimated Unit 
Descr ip t ion  Quant i ty  Unit P r i ce  

Actual 
Quanti ty 

It em 
No. 

39. FOUNDATION DRILLING AND 
GROUTING 
( a )  MOBILIZATION AND 

1 Job L.S. DEMOBILIZATION 
(b) DRILLING EXPLORATORY 

GROUT HOLES 
( c )  DRILLING GROUT HOLES 
(d)  PIPE FOR GROUT HOLES 
( e )  DRILL SET-UPS 

( 1 )  GROUT HOLES 
(2 ) EXPLORATORY GROUT 

HOLES 
( f )  PRESSURE TESTING 
(g) GROUT PUMP CONNECTIONS 
( h )  PLACING GROUT 

350 Lin. Ft.  
9,100 Lin. Ft.  

500 Lin. Ft.  

370 Each 

4 Each 
175 Hour 
375 Each 

2,500 Sack 

PIPE GATE, OUTLET WORKS 1 Each $1,500.00 

DRIVE GATE 1 Each $1,000.00 

DOUBLE DRIVE GAfE 2 Each $1,500.00 

REINFORCED CONCRETE CULVERT, 
I K E  NO. 1 1 Job L. S. 

CORRUGATED METAL PIPE, 24 INCH 60 Lin. Ft. $ 35.00 

CORRUGATED METAL PIRE, 36 I N C H  60 Lin. Ft. $ 55.00 

CORRUGATED METAL PIPE, 48 INCH 660 Lin. F t .  $ 65.00 

METAL END SECTIONS FOR 36" CMP 2 Each $ 300.00 

METAL END SECTIONS FOR 24" CMP 2 Each $ 200.00 

AGGREGATE BASE, ROAD 2,400 Cu. Yd. $ 9.00 

ASPHALT CONCRETE PAVEMENT 2,800 Ton $ 35.00 

5 '  CHAIN LINK FENCE 16,000 L i n . F t . $  8.00 

GUTTER 4,800 L i n . F t . $  15.00 

GUARDRAIL 450 Lin. Ft. $ 15.00 

LOG BARRIER 38 Lin. Ft .  $ 25.00 
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It em 
No. 

TABLE 9. (Continued) 

Estimated Unit 
Descr ip t ion  Q u a n t i t y  Unit P r i ce  

PROJECT SIGN 1 Job L.S. 

HYDROLOGIC FACILITIES 1 Job L.S. 

STAFF GAGES AND MONUMENT 1 Job  4. S. 

GAGING STATION BRIDGE 1 Job L.9, 

TOPSOILING 23,000 Cu. Yd. $ 300.00 

LANDSCAPE STONE 11,300 Cu.Yd. $ 6.00 

DESERT GRAVEL 4,100 CU. Yd. $ 15.00 

DESERT VARNISH FINISH 4,500 Gal $ 20.00 

CONCRETE STAIN 330 Gal $ 25.00 

SEEDING 50 Acre $2,500.00 

PLANTING 1 Job  L.S. 

Actual  
Quan t i ty  

1 

1 
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U. S STANDIRD SIEVE OPENING IN INCHES U. S. STANDARC? %EVE NUMBERS 

GRAIN SIZE IN MXLIMETERS 

GRAVEL I %NO 
COBBLES I I 

SILTOR CUY 
rmRE nNL I CLURSS I Y8XIU FlNE 

Sample No. EIw or Depth &rri%aih4 Nat W X  LL PL PI . . !E!--.._N.E~_BL!LER~OQPL- G ~ i u ~ l m l t  . .- - - -.... -- NP-. 
-J I, 

J p p e r A u a r ~ i 1 . e .  ~ - ~ -. NP __.-- GcE&~J~ID L i m i t s  (minus 12 1 . 
- --,3-- - - - ~ 

-- ~ 

NP 
n K-~-- Foundat ion - Sttr_at% B 
.- ~ndacQ~7 - NP n NP ~orina!a(Sandyl;cavel! 

GRADATION CURVES Date - 
I Figure 1. Stratum R, field and Faboratory gradations-GDM 



I ENG , :0,,"", 2087 
Figure 2. Stratum C ,  field and laboratory gradations -GDM 



Figure 3. Stratum C, field gradations -Core Foundation I 



FORM ENG ,, 2087 
Figure 4. Stratum B, field gradations-Shell Foundation. 



k, = 20 FPD 
k, = 20 FPD - 
nf = 2 
n, = 14 

nf DAM EMBANKMENT q = kH- = 248 CFS/FT OF 
ne EMBANKMENT LENGTH 

THROUGH SEEPAGE 

Figwe 5 Dam embankment through seepage, Design 









----- CONSTRUCTION LIMITS. 

DDo TEMPORARY FENCING. --..-' MINIMUM RlGHT OF WAY REOUlRED 
FOR OPERATION OFMU. 

PERMANENT 5' HIGH C H l l Y L l Y I  FENCE. 

TEMPORARY FLLGOlWG 

GENERAL PLAN, VICINITY MAP AND 

PROJECT LOCATION MAP 
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L a m "  - -en 0. YE,. ,"C"<". -- ."* W"". c, m - 
"mm "0,m.c M". 0" m-,* -7 "Em. 

L9UD -8" U"". ,*D.. I1WI. U*" *,w nunc urn,. 

-+c 

mh7 0, M - , A L  " "'4- .-"& w. * "- 
-,". c, "A-mm ., W.W. ..,,s"G "0 m so- 

" 
"W.. M 0°C"" 0 0  .ma... - c.. 70 c. , s . m - c  ,<  . ,A.*<"" me...",... ,- ..u,"' c.,. 
-7 w",.am."- e4 -. 0% 2 n-s 
sac, .#".". 0' 8 8 .  ,.<.', -.-, 0. 
c..- ,...... B """...m" -7 

WIUU 13 UI~N  LEVEL 

I I I - - w- -" 
e r v w m s  

U. L. 1111 - DDnn 

-n a -r 
' L L  ","Ell BA5W 

W E l r l X .  nrlixONA AND YICI* IT"  ,,*CLYO,NC NE* RlVER,  

NEW RIVER DAM 
DAM EMBANKMENT FOUNDATION 

SOIL LOGS 

PLATE 5 



VALUE 'ENGINEERING P A Y S  

I 

--- 
,"EL. ,.dd,.h .r-n, dry,  .err 

----- 
L n n .  L-. 4 ,r.".,. I.. -- 
.&I.. .. 6.. ----- 
r 4 , . *  .r-. A"... 

m1Tf 
PL&,E 3 

I. ICt OrrCCCI FOR LOCmX)N OF TEST HOLES 
AM lCll 1 f l W 1 6 .  

PLATE 5 
2 .  SE -roe Lwm. ~ T E P .  YO U P I S  OF I 

11181111(3&1101 

-7 W E .  I IN:  5FT. 

++-  - 



---- 
'..dl* L r n .  "is,. I-... I-,a 
h 8 l . r .  ( 0  24.. C".",.d. 

wrrr: 
R I T E  3 

I .  ST6 -FOR UCIIIm Of 1 6 1  UPLEI 
U O  ,Em T r n r n T S .  

1. $66 (*SPC rm LTEBO. arrs. o r r l r  c+ cursariotta. 
PUTE. 6 

YEm-: ,*.=sn -- - ,, Ls - 
ac- -a.s%a.s 

l a l l l S 3  

SAFETY P A Y S  PLATE 7 

DPiU 1S YEMSLa L6-L 

I I I - - - 
.E*1S10*1 

Y S .  IUIOI DDIllCI 
LOD- 

-.I '. -I - ". 
< - 
-.%. ". 

8. n 8. 
np 

-.% 

A7f 

GAL* *#"LO s19* 
."O'N,X. .R,ZO". .NO ",.I.,," ,.cwD,.G,E- R,"..' 

NEW RIVER DAM 
DAM EMBANKMENT FWNDAM 

SOIL LOGS 



VALUE ENGINEERING PAYS 
I 

I 
1 

LEFT ABUTMENT 

DD-19 Isncllned 4 5 9  

LEFT ABUTMENT 

D D - 2 1  Irnclincd 4 5 - 1  

P R I I B Y R E  i E I 7  C O I E  
Be?," ? W E  0 x LOSS 

1 0  
TEST 

1e.o ~- 
rmcr zo*r ,",,,"*d 2o;a,t,cl.,.d rerc0.ion04rr 
..heOl.di 1. nigh," ,,D..YI.d,,YIt .~.1".4...4.1.*.. 
I"  **.rd...d.rot.l, 1. ".OD#" ..*th.,.d 
WlYlrr . , th  tDln 0 9  a I o v  9au.e. 26 I - @ T  0' 
*O/ld  /JV ewe*. 

~ ~~ 

RIGHT ABUTMENT 

DD-451  lncllned 45'1 

RIGHT ABUTMENT 

O D - 2 2  i 8nslined 30' I 

" ,,,k * ,.- 0.0 ,a ,,.6'<0, 8 .  .,*.d ce... fm,% 
drill -ter , r tvrn tro. 0.0  le 111.5:13.4 to 10.1 
ondlb.0 ,.,, 6; ID-!mXd,.,, -,., I..' ,.I. 
23 I sod 5 lo 16 0 

D I T W  lb Mr.* Il. LEVEL - 
I 

I 1 :  
I I - - -. - 

I ~ V I I I O W S  

".S M - LDllO 
m M D  

p1.mOI- - "~ ~ L L . " , " m ~ * S "  

RLT P ~ O T N ~ I .  AR~ZONA &NO Y I ~ ~ ~ ~ ~ ~  IINCLYDIML NEW rltv~11 - 
.AW ". NEW RIVER DAM 

3 DAM EMBANKMENT 
(RIGHT LA) LEFT PBUTMENTS) - ". GEOLOGIC LOGS OF DIAMOND 

DRILL HOLES 

MET a I M = LOFT. 
YK- *O me,. BE rO(x.5 

S A F E T Y  PAYS PUIE B 



LEFT ABUTMENT. EMBANKMENT-TEST TRENCH PLAN 

OUTLET WORKS-PLAN OF EXPLORATION 
SCALE I I N  = 10017. 

L r n  5a 0 .m rn m - 

,EST m m  n l0r.L 
-a E- m m  D m m s l r n  LMI- LYm 

U - 81. ur ..,. , 0.w.r: sxrn -. VEUT I I I ~  -. t . ~ . v  U L ~  -,ED m s  m-. 
I. wnx 1.5 l a  r IN olurnr. E-I in ~ l u r  m uura. 

47 , , 
1 2 1 L O I  o . i i . w  smn w. PL$LLI I I L ~  w. t.u.s : m-rrr. rluu u a r n  suln. 
? l l s  * mNYL I I  Will ,_I.. ; 

U I .$  i ). 14Dt * 71' E E f U Y L  IN -14 I T  i.l.lfU 0 . u . s  s l m  w. LU 7 urn -. S.CI.I: *O-IDT-D WTE. 

U I.$ I' 

IP , , 2 ,lD 
?;.;ljw: YYOI SILT n I,? YP .In II a w n s :  cnarr 8 .  r a - l r  ~ ~ . n m  w l n  -. . .- . , 

5, - ,,l. 26. LW I.D-I.. : IIU'I ua ro un rou ilm - ucrr: 7.u.s - ELI - - v m 
2.  .IM I. IN ~ # r ~ r a .  E-L is-rrr rr i.r 

U - ,,,. 2s. LP. ,p D.U.I: w1 111, n rldn Y.D. -II C.LIOLIMTB. ~.e#o..: un snr. m r  
2 W E  wmrro.  a-r I N  urdqr canrro run ir $I.. 

5, - , 25' ~016 0 . ~ 1 . ~  u.. SILT n 18 in YP. 7:w.v: ULI~ - (OBW w s n ~ r  
2. 1 7%- 6 -t 1. % a e r s 5 p u r  ar a. 

Y - 9' n LW a,m O.CS.#: M SILT TO rsm YP mtm ru ~ C U .  I.H.C: -11 rearm a u r r  ro v 2. WDE o l r r n ~  tun ria urlrr.1 ~ r v w r  8" r a r r r  rr r . 

PROFILE ALONG E OUTLET WORKS 

KC.,>,""> 

1: 111 9011 CUUlrlCAllO16 - O1 W16 N E T  1E IISU1S. 
r .  rrrr rarwrs 9 m m w  8.. 12. u m m ~ w  5,. &NO 81 ~ R O U W  92 

Y , . , " " " . O I I r n  
LOL- 

E R E  ElClllTEO l l m  I CASE 5 8 I ~ C  B I E K I T .  - - D T -  
7 FMLL OEPRI OF TEST TREMMES w maww r t  r i ~ r  orrm~uro s.r ~rrurrr -- I UL. IIVII~ ~ A S W  

IN  LOIOCI OR C O W L S  Am IDUUIIRS '"OENIX. &1112(1*. Am YlClNlTI I I *CLYOI IC X L I  "l"ERi 

8 m ~  -7 raan ma~drr i r  orrr,~rio ma olno*o  oairr aairr uo 
T l T  T"I*C*fl. 

NEW RIVER DAM 

9 RE ~ r m  s o w n  rmrlrt i r  orrrlomo rR*l o l u o l s  oatrr morrr u o  DAM EMBANKMENT (LEFT ABUTMENT) .~.. . ~. I 
T n z - l .  LiN" W I Lk I ""RIU: 

i 
PI.ATL 1010. SEE YILY FOR Lo61 OF E S T  - M I S  12 -1  IllROUBl l t lr .  PLAN AND PROFILE OF 

1 1 .  EST ~ s ~ l ~ n r f  1 2 1  n m w  82-6 src~rrrio WIN , mc DOZER. TEST TRENCH EXPLOWTION 

$ 2  mi *OWN ULLL n i  nm rrrr mma rrr ~IPPEO l l m  TNE ~ X C E P T I O Y  
01 ,is, TL*C"EP 8 b 2  1 1 1  82-1 wrsi 7°C .rs, .LilS . v r  ..Poi" 

1 
~~~ ~ .- ~ - .  ~ 

SAFETY P A Y S  PLATE s 



VALUE ENGINEERING PAYS I 

I 
i 
I 

j IoId. q.l. 1 y  LI1ll I.Ob. 

wx r.>n g.on,,r ..",&.. h.,x..n 

1399 
'1Diia" 0.m a d  0 .  15 

, m g q ,  mr. ,'\ h"... 

a 

2 ,326 1 mn, n f ~ r n  ",~~~y&~~. , 3 m L  n*, 9. LC 9, I;/ is Irrl mal l"  a I-/ $9. 1 : 13% 
rnL c/ r n d r n l ,  

I 8.110m D. Dt "d,u",-. , 
7,enm., I 

1395 1 ' ' * - = A d  ,395 
0.M 0.40 am o r o  a10 -00 

TEST TRENCH 82-2 
*OR@. IC~LE. i IN . to rr 
YLRT SCALE' i IN . I I T  

TEST TRENCH 82-3 
nonm S C ~ L L .  i 81 : S O F T  
Y L s i  ICIILE: i IN . I F i  

TEST TRENCH 82 -4  
"ORIZ. IYllL: I IN - $0 IT .  
YE117 S(PCc 1 3 %  . 1 FT 

YlO ,480 
a a o  a m  om om - o t ~  or20 two a o o  

TEST TRENCH 82'6 
a a l i  SCALE: 5 lN : 20 r r  
vm,.:s<atc , 8N : 5 FT. 

TEST TRENCH 82-5 
WRIZ YLLE: I I*. i 10 i,. 
YTRT. Y&LL: I I* . 5 F T ~  

D".TYY 85 MLhN IT& L L V r l  
LEGENO NOTES 

T p,oni,r '* l l i p h l h M m  I- P E  S O ?  L(Xli(XliI0N a m i  TEKHrr. 
4s --d 0'""'t m - m l q w a - a  E -*I% -L,wrD mllr 0.4C DOZER 
.a r_%?.n- " "*hh rcomerra l i T *  W L I C  U D E  w I I K * l  TMT*  W P I I  

07 om1 "I' -e,,* Iro"",d 
e m s s  M high87 trooNnd 

I I I E I U X  W NOT EXCOIDITFWO IN W T R K L  
1. W V a T I O U  ACEOYPLIOHEO Y I l U l  O M  BLADE 

W C k  Vh SM,**d U i T B 2 - l  m2-* Y I D  nB2-5. I W I W  w 
YALC. , ,N. % , F,. ",b (nlon-bran b 'Q.*" 

tlrr sl0-d 
K I D W T E Y I  -0 TO MYID mWUII7L mWIRZD 

'g i" jDrn<I IN Tre-I I U D  ,702-2. XIL RlPslNr w -,Of 0-I 2 1 ,: 
adlvm .Cone I, idnnncc ioinlnll L D ~ ~ D  ~VLW m ~ m  IN nez-e  'P 

c- 9""d " c a l m  rorbonm~ 
IC&LL. I lN. = 2 rr 

-9 & 2 x a 7  Io0 ,Q."C.O#i" om,s = 

I I I - - c." .W" 

. f Y I I I O I 1 1  

Y. 3. *UI ENCINEB mlm8" 
LOs .NOl(a 

mlS Of INCMIEC - ". 
RL 7 
- m.- ". 

G l i A  RIVER BASIN 
PWINIX. A i i l W *  AND "IONIT" llNCL"0lNCI NCX .IMP, 

N W  RIVER DAM 
DAM EMBANKMENT (LEFT ABUTMENT) AND 

OUTLET WORKS 
LOGS OF TEST TRENCHES 

82-1  THROUGH 82 -6  

S<&L* , ,N. ~ 5 FT. W md.d..alll* =,.(I .,Gllinp -en =li w e .  
mb -,o,e,, h m  0, O#O"* I, S""O*S,, - 1 0 

SCALE: I ,.. . M r r  
n 0 
Mn =2 

SAFETY PAYS RATE 70 

- - - 
Md 

ICIILE: I IN. . 10 T i .  

- ". 



VALUE ENGINEERING PAYS I 
W 

1401- 
E 

LEFT lBUTYEWT ,402 , . 

W 
,101 - E 

,402-  

><or - 

Qoal 
, 0 9 9  - r (""VIY* '  ? P I * ?  s o n d , 9 r o v e < ~ ?  

14W- s, f9r ~ o n ~ , . o d e ? ~ ~ e ~ ~  dsnsc _ _ - -  
b 

8398 - 
R*,u,~, ,n r . M ~ , " - b , ~  

- 1398 
.Jornl - 1399 

drr-0.d to "i.h,. -th..rd 
mdrr0r.l" set9 W U l T E  fro. 
rmrion 000 ,ow0 

-1197 

ile,"rOl .n 1 1 , e  l o  grey BRWITE 
W l T E :  .h,t* 10 9,. "...d.7.l.l, SO'+ I. m*....," 

Dord .b ,o r *~ .mdero t~ , "  .a h,ph," rD,h.,.,. 
, O < " # S  *,* 'v..nt" d<P~!"g,c,o'e,~ 
0"d ,inad .,th ..lirh.. 

Rr'"lal ," .hi,. q 0  *,- 
GRANITE fro. ~ ? ~ l i o n  8.00 

( 0  ,.so 
TEST TRENCH 10 

TEST TRENCH 9 

E 
LEFT ABUTMENT 

1195 - 
r(LL"VIUY:ri i t ,  r.nd.D""eI," . , I ,*  .-d. 

w rnmwe,e,, #a".* 

1191 - 
5 
z DECOYPOSED CIIANITE: m-bm-n..olf- 

7;---------- __--  0 . 
b DECOMPOSED C I I U ( T E .  

,d b,o.",so,, : i 3 o a -  

> __-- 
Rlf"l0l i n  r . d d l l h - b r a n  d.ro"0.rrd ,. h19"," 

B l l * I T < :  .I,.lOsrO,."Od.n ,.,, , IPS ,192..-- ------ . ~08hr r rd . .od t ro le l *  ..‘, C e U I I I  
,011 9" .oa...,.l. nord..d...t.,. I.0l.M. 

"*or ve,,,cn, 0;n "S*hC,8d, o,,e.ed,m>x.a .<," co,!c".- 

- ,395 1391 - 

Gr 
*etur0i in .n,n I 0  9.0" ( A h l T E  139, 

W 
1399- 

TEST TRENCH I I 

1. 11N11 OEPrl$ OF THC TEST T I I C Y E l  .IRC O C i l R l i N I D  8" I O R O C I  
R l i U I l l  

11397 1 111 1011 C L 1 6 1 1 I 1 C I I I W S  SHOW OH THIS I H i C T  lilt Y l S U l i i  
ILL"","" t "  . 8 "  8 

ILL"","": I . l h  *.nd.s"".ll" ri2.. *md.md.r.t.l" den.. 
s~nd..odr.otrl* d.",. 

Oaal 

Q00l 

- - - - - - _ - _ _ _ _ _ _ _ - _ - - -  
rtoo. 0' ,re"* 

~ r t " l 0 ,  ," do,* U1 I I .S  
're. 'totlo" W69 9. I.0, 

Lb.., ," ,.ddl.h.6.an d.rc.n.rtd 1. 
hl.hly - . . therM,mder~?ei ,  . d l  nl*IIR 
tro. ,,.,,on 0.00 to 0.m ."d 0.70 1. ,.SO -m."trE: 9<or,.o de,o.n," h*,d. 

Olle.rd..od.r.itl" ...thlr.d:,D,n,l 
NEW RIVER DAM 

Lb.., in ,. pr." C I I I T E  
ore il0T.i. I.0C.d ."d dl. IO'.,,h 

trc. rtotlon OISO 8 -  0.70 < O J J r n e  S / l J l n 9  



119a - - 1194 ,363 - I L I Y V , " Y : s i , l "  ..nd.s..".,l" ..nd.inrr.o,e In 'l".. 

w O',., J ,,.i.d.,*,.," d.".. . - 1393 1392 - 
w 4'L"","":,,,," .0"d,9,~".#," '<!t" '-8.  

,".,..I. ," tin.. .1*.r 3 ' t i  w % 

+ .od.rot.ll *me., Qoal 5 
& 

E 
Y 1393 

i",.,.i,,.", +*,. .0,,1". 0.D 
- 2 ,391 - . a001 

5 ," ,.,. ,.,.", th," r o t i n .  
2 

.W..l". srMlt. t r r  rto+ma 
rov.rins swni*. f r r  0.00 8 .  Or34 In t .n . , l .n l  t h l "  C O i l d .  COP 

P a001 .,.lie" o*m ,o om. io..,,ng p r e " i l  tien rr0,lon 

- ,391 1390- moo rr o r 3  

> 
rn F I D o r  0' T,."c~ 

1191 - 
-*17€: n d  l o  b r r n  r o m n . - ~ r ~ ~ n M . . o d e r n + e , ~  iet+.highiy noth.rad lo d e r r o o s e d .  

ntm.8 m a.n:n rm .*son M O O  0.- 

T-EST TRENCH 81 TEST TRENCH 82 

,333! 
E - 

1392 

.L'"Y,"U; 

NOT EXCAVATED 

Floe, 0' Tr.nrh 

r 8398 - 
m 

f 
W I T E :  r.d <* ~rm.t~r'.-.r.,n.d..odd,dd.,, .of,.Di9h," ..*,h.,.d 

,D d . r m 0 l . d  ,.Pus., in  ..rnl,. (7- .,*t>.n 0.50 I. 0.80 
a001 and 1+09 t o  8 . 4  @.tuset a "  c g J ~ n h e  

r..enl.d roc* ,rap- 
2 

G r .rn"9. f rom s+o,,o" 
1189- Ot lX I  10 0.M. 

PLATE I S l f  FOR LOCAllW OF TSSl TRC*CBEI & I  
IMROUGH 81/$11 

S U I T E :  r.d 10 ~ r ~ m . ~ o ~ r ~ . - # r ~ i n . d , m d a r ~ ~ ~ ~ ~  .of$ 
PL.UE 13 2 S I C  SAECTrrlOll LOO$ 06 il$l I R I Y C H E I  IB THROUGH 

hi*," .nth.r.d Io hrqol.d. 92 AM0 42.44 MO 4 5 .  
1381. n M  l m i , .  9- *M Io - 30  
c- 1.00 PLaTE 2 1. *rc rn ?OR LIOI*0 

..> 
TEST TRENCH 85  wd E5A 

1 TEST TRENCHES l l R i  C X C I V I T I O  I I T H  L C I I E  I I 1 O . C  BICKNOC 

5 L L I  S O I L  C L I B l l F l C l l l O N  EHON OH T H I S  IWiTT ARE Y l l U l l  

i 3 l l  6 F1Y)il  O l P i i l S  OF l i t  TEST TSIYCH16 E l C f P T  16 &#I1 87 l t R t  
O*O OS7tWINCO BY I D R O C K  B 6 U I L L  

l L L Y V ! " " :  ..l," .."d..,ave,ll ri i t" .on*. 
"0d.rOlelY *.".a. 

I. 
1392- 

1 

1390 - 
.LWV,"M : 'it." .lmL.r...ll. . i l t"  .and 

II'"V,"*:,i,t" .."d ..re.. l l "  . i l * Y  + 
inm.r. ,n fin.. L O t ~ l u  I 1 . . ;  

w md.m,.l" A".. . 
w 

,.nd..d.,~lrl" dm.. . ,"..".. ,n  'in.' .rt.r. 1 9 .  
* 13.8 - 

.,*rob&,.' rnd b0"ld.r' 1. I 5  inrhrr 
I ," .o"d,9,0 ..,," . , , , r  , - " d m .  .,.. 
.? ooal 
D 4LL"","M: 

rdieh. n m t . d  L f u l a l  in  h- - 1386 1380 - 0-1 
~*b,.' ,* #* i"cM'. 

App.e.,mm?e (".e,, e#e.o9!," r37e.s - - - -  
Or ".'",*, j" C d * C h .  - 1389 8378 - 0.~kh0.  excmvo ? < o m  I,., ? r..rhrd .( IP tt.7" 

W t . 6  ..&.nit. f r i  CObbI" O"be4",~," 
".,"l., in ..llCh. ...rnl.d 
.*LI.. frr r(sti- 0116 l o  .+.ti." 04, *o 0 s  

,*Z 
NEW RIVER DAM 

r , r r  O f  .r."* 
OUTLET WORKS 

TEST TRENCH 8 7 o n d  87A 

TEST TRENCH 8 6 0 n d  8 6 A  

S A F F T Y  PAYS PLATE 32 



I 
VALUE ENGINEERING PAYS 

ApProXimo,. in".,, .,.".ti." 137e.7 ---- 
w e  

Qool 

- 11 1 - 
- 138s 13116 - 1 - ,386 I301 - 

aLLUYIUU: r,,ty*ond.~ror.,,"il,,~..nd. 
AL'"","U:ri,l" slmd.r)r~rCil lr; , ,yrond. - - - -  

- 118a 1384 - a 0 0 1  - 1 3 8 4  1382 - - 
---- a001  

- - -__-_- - -_ -___/ - -  ,- - - -  ------- + " w .d .d 

C L  L -I------- - - - - - _ _ _ -  - ,382 I,B* - ,382 ,580 - 
, .. Z *LL"",UV:40* CobYl.  ."d oou,bLr. lo i4"rn.ilrn"rn in. C l r n r n , L d  5 
', z .it,, r o n ~ . 9 r g . L ~ ~ y  rnorrir with some clayey . 0 d.CrnD0S.d gronit.. z 0 

I 
i A~0r.rim.t. in".,, .#."orion 1378.5' ---- 

T E S T  TRENCH 88 T E S T  TRENCH 8 9  T E S T  TRENCH 9 0  

LEFT ABUTMENT 

1186 1 

.LL"","Y: Si l t "  .~nd.pr~".,," 'I,,, sand. modero,r,yd.n*.. 

Qool 
ALLUVIUM: 1r10~~nd.~roreOyri l tys~nd,mod.rot . l~ dens.. 

llSl - - 1382 1180 - - - 
QwI , - + u , u A Oefuroi ill RdhUi-bmrn bra 

: 8380 ----_-, ----- 4PProumolc invarl e I#rof ioo  i 3 1 B ' ( P r 0 1 )  

* 

hW,Y .olh.,M.mM.roW" 'O'Ki2 

u - - - -_ 
\ 

\ ALLUVIIIY!~OX c o b ~ e r  bo3derr  toi5",o oqrorrrly r i i h r o o d s l i g h ~ ~ y d s n r c m o ? r ? r  
Z ---- 

- ,376 

Qool 
- 1176 1111 - - ,374 N O ~ E S :  wS "e0 

.LL"","KIOX CObblLl on., boulder. to i5"morimum ,o.grorc,,y Iil,~I."d - 
m o ~ c r o t c ~  tjgnt morrir; some c o ~ c h e  i n m . ~ , ; ~  frorn r ~ ~ t i o n  OQS to a50. PLITE s / .  stt nrrrn FOR iocnrlwr o i  rrrr rRrNcHir i s  i lw  9 2 . ~ ~ 0  42.14 ~ * o  as 

Floor 0,  Trcoen PLf.TE 2 2 .  s t  - roe rrsrNo 
& d l *  - h c k h o e  ~xcorof,on ,mil r a o c D d @ ( 2 '  . ,,,* 1572 - 

in Corn,., M d  b",- - k ALL TEST RENCICS -6.E EXC111TEO III I CIS 1110-C B1C11101 

Ffoor o l  Trcnrn 1 I M A I  OIPIHL Of TEST T%EYCHEI 12. 44. L 45.  PER6 O l T m l H 1 0  I 8 E D R I I  I F Y Y L .  

T E S T  TRENCH 9 1  TEST TRENCH 9 2  
LEFT ABVTWENT 

w 
1401 . w m  r m i g n - i n n ,  =n m 

noamtrrr hod d n w  a r~shh 
m*hrr.d, -r W0in.d 

W N m :  grq m06.rnt.h an n -,," 
Mr4 &.oh a hi* ph-.ndun ,.OD - grnk.d .#h &rt. m e t .  

Gr - 1192 

nm 0' 7-h 

NEW RIVER DAY 

TEST'TRENCH 44 TEST TRENCH 45 
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Upstream f a c e  of dam embankment a s  viewed from t h e  spillway. March 1985. 
View of dam embankment c r e s t ,  upstream face ,  and spi l lway from t h e  e a s t  
abutment. March 1985. 
Landscaped downstream f a c e  of dam embankment a s  viewed from spi l lway 
access  road. March 1985. 
Cres t  and upstream f a c e  of d ike  no. 1 embankment a s  viewed from sou th  
abutment. Note grouted s tone  g u t t e r  along embankment toe. March 1985. 
View of landscaped downstream f a c e  of d ike  no. 1 emban 
toward south abutment. March 1985. 
Downstream f a c e  of d ike  no. 2 embankment. March 1985. 
Looking downstream a t  main access  road, energy d i s s i p a t o r ,  gaging s t a t i o n  
br idge ,  and o u t l e t  channel from c r e s t  of dam. Apr i l  1985. 
Looking upstream a t  energy d i s s i p a t o r  and downstream face  of dam 
embankment from gaging s t a t i o n  bridge.  March 1985. 
Approach channel t o  in t ake  s t r u c t u r e  a s  viewed from c r e s t  of dam. Note 
d i t c h  t o  i n t e r c e p t  s lope  runoff  a t  r i g h t .  Apr i l  1985. 
In take  s t r u c t u r e  and t r a s h  rack. Note grouted s tone s e c t i o n  a t  approach 
channel. Apr i l  1985. 
View of completed sp i l lway excavat ion  looking upstream. March 1985. 
Core t rench  excavat ion using push c a t  and scraper .  Note dozer us ing  
r i p p e r s  and blade t o  excavate base of r i g h t  abutment. December 1983. 
Foundation excavat ion us ing  two push c a t s  and scraper .  Apr i l  1984. 
Foundation excavat ion using push c a t s ,  s c r a p e r s ,  and dozer. Note l i g h t e r  
colored a r e a s  of c l a i c h e  o r  bedrock i n  upstream por t ion  of dam 
foundation. January 1984. 
Core t r ench  excavat ion us ing  push c a t s  and scrapers .  Note f r o n t  end 
loader  pushing overburden away from t h e  bedrock near  s t a t i o n  16+50 f o r  
s c rape r  removal. March 1984. 
Excavating a n d e s i t e  bedrock i n  s t a g e  I co re  t r ench  using excavator ,  
v i c i n i t y  s t a t i o n  31+10. December 1983. 
Excavator widening s t age  I co re  t rench.  January 1984. 
50-ton r o l l e r  used t o  proof r o l l  t h e  foundation. Apr i l  1984. 
West abutment " s t r i p p i n g  us ing  a small  dozer. November 1983. 
Surface prepara t ion  of west abutment using both a i r  b l a s t i n g  and hand 
l abor .  December 1983. 
View of completed s t a g e  I co re  t r ench  excavat ion and west abutment. Note 
backhoe t r ench  i n  foreground. February 1984. 
East  abutment excavat ion us ing  excavator.  January 1984. 
I n i t i a l  foundat ion prepara t ion  of e a s t  abutment su r face  using low 
p res su re  a i r  b l a s t i n g .  Note excavator  on l e f t .  January 1984. 
Small backhoe a s s i s t i n g  excavator  dur ing  e a s t  abutment excavation. Note 
rock dus t  generated from a i r  b l a s t i n g  of excavated abutment surface.  
January 1984. 
Foundation p repa ra t ion  i n  co re  t r ench  us ing  backhoes and shovels;  
v i c i n i t y  s t a t i o n  17+00. March 1984. 
View of s t a g e  I1 d i v e r s i o n  l evee  p r o t e c t i n g  completed s t age  I1 excavat ion 
t o  s t a t i o n  26+50. Note s t a g e  I embankment p ro tec t ive  cover i n  
foreground. March 1984. 
Placing d e n t a l  concre te  on west abutment s lope  using concre te  bucket. 
October 1984. 



Dike no. 1 exp lo ra t ion  t rench  excavat ion  us ing  two push c a t s  and 
scraper .  Note dozer being used t o  r i p  ca l i che .  February 1984. 
View of dike no. 1 exp lo ra t ion  t r ench  excavat ion looking nor th  from south  
abutment. January 1984. 
Dike no. 1 exp lo ra t ion  t r ench  ecava t ion  us ing  f r o n t  end loade r  t o  cleanup 
t h e  t rench.  Note t h e  c a l i c h e  which i s  v i s i b l e  throughout the  c r o s s  
s e c t i o n  of t h e  t rench.  January 1984. 
D i k e  no. 1 explora t ion  t r ench  excavat ion at tempting t o  r i p  c a l i c h e  
between s t a t i o n  31+00 and 30+00. February 1984. 
Dike no. 1 exp lo ra t ion  t rench ,  s t a t i o n  81+25. Note coherent a n d e s i t e  
blocks on both s i d e s  of photo with c a l i c h i f i e d  a n d e s i t e  b recc ia  toward 
cen te r .  January 1984. 
V i e w  of dike no. 1 completed exp lo ra t ion  t r ench  excavat ion looking south  
from s t a t i o n  13+00. Note widespread ca l i che .  February 1984. 
Dike no. 2 foundat ion a f t e r  s t r i p p i n g .  February 1984. 
Vibrat ing crusher  used t o  c rush  and screen  pervious s h e l l  ma te r i a l s  t o  
produce g rave l  d r a i n  and type I11 stone.  February 1984. 
Taking core record sample d ike  no. 1 s t a t i o n  70+10 e l eva t ion  1461.0, and 
7 f e e t  upstream of c e n t e r l i n e .  February 1984. 
Prewetting core  ma te r i a l  i n  borrow a r e a  $11. December 1983. 
Front end loade r  loading end dump t r u c k s  wi th  core  mater ia l .  Apr i l  1984. 
End dump t r u c k  p lac ing  core m a t e r i a l  on dike No. 1. March 1984. 
Placing core ma te r i a l  i n  core  t rench.  Note: t h e  tamping r o l l e r  being 
pul led  by t h e  dozer ,  t h e  motorgrader s c a r i f y i n g  the  su r face ,  t h e  push 
c a t s  and sc rape r s  excavat ing t h e  embankment foundat ion and p lac ing  t h e  
s u i t a b l e  m a t e r i a l s  i n  t h e  core zone, and t h e  water t ruck  adding water t o  
t h e  co re  ma te r i a l s .  June 1984. 
Typical  example of rock-core con tac t  on e a s t  abutment (approximate 
e l eva t ion  1447). Pneumatic wheel r o l l i n g  core ma te r i a l  prevented damage 
t o  highly f r a c t u r e d  g r a n i t i c  badrock su r face  by t h e  tarnping r o l l e r .  Ju ly  
1984 
Beginning west abutment s u r f a c e  prepara t ion .  Laborers permit ted t o  walk 
only s h o r t  reaches without s a f e t y  l i n e s .  Note backhoe removing p r o t e c t i v e  
cover down t o  e l e v a t i o n  1380 near  base of s lope.  September 1984. 
Front end loader  with loaded bucket wheel r o l l i n g  core ma te r i a l  a t  rock- 
co re  contac t .  February 1984. 
Front  end loader  compacting core  m a t e r i a l  a g a i n s t  bedrock s lope  i n  core  
t rench ,  v i c i n i t y  s t a t i o n  16t50. Note dozer  using blade t o  spread core  
ma te r i a l  over  foundat ion sur face .  Apr i l  1984. 
Five-foot high ramp of core  ma te r i a l  aga ins t  r i g h t  abutment s lope.  - 
October 1984, 

- 

Bottam dump t ruck  p lac ing  t r a n s i t i o n  m a t e r i a l ,  v ib ra to ry  r o l l e r  compacting 
t r a n s i t i o n  n a t e r i a l  and motor grader  s c a r i f y i n g  pervious s h e l l  m a t e r i a l  
during embankment cons t ruc t ion .  November 1984. 
Processing t r a n s i t i o n  ma te r i a l  on grade with motor grader  dur ing  
cons t ruc t ion  of d ike  no. 1. ,March 1984. 
Spreading previous s h e l l  m a t e r i a i  over  t h e  g rave l  d r a i n  during embankment 
cons t ruc t ion .  Apr i l  1984. 
Dozer r ipp ing  high spo t  a t  s t a t i o n  19+70 i n  o u t l e t  conduit  t r ench  
excavation. January 1984. 
Out l ine  of concre te  plug ( f i l l e t )  a r e a  on e a s t  s i d e  of o u t l e t  conduit.  
Note most of conduit  p r o j e c t s  above adjacent  foundation su r face  due t o  
g r e a t e r  depth of core  t r ench  excavat ion.  Apr i l  1984. 



Concrete plug ( f i l l e t )  placement on east s i d e  of conduit  us ing  concre te  
bucket. Note l a b o r e r  on top  box v i b r a t i n g  concrete  near  contac t  with 
- - - A . . l c  .. " 1 1  i-rll 10Q1.  cuuuurr w a r * .  npLLr L 7 V - r .  

Concrete plug ( f i l l e t )  on west s i d e  of o u t l e t  conduit.  Note upper por t ion  
of plug i s  s l i g h t l y  s t e e p e r  than 1:l t o  eleminate " fea ther"  edges aga ins t  
t h e  top of t h e  conduit.  Apr i l  1984. 
Completed concre te  plug ( f i l l e t )  on e a s t  s i d e  of conduit.  Concrete 1 
s p i l l s  o u t s i d e  plug l i m i t s  were subsequently removed. Apr i l  1984. 
Backf i l l i ng  foundat ion depress ion  upstream a t  dam c e n t e r l i n e  between 
s t a t i o n s  14+85 and 15+25. February 1984. 
Stage 111 dam embankment cons t ruc t ion  a t  approximately 1420. Completed 
s t age  I1 embankment wi th  upstream s tone  p ro tec t ion  a t  l e f t .  October 
1984. 
Dressing upstream s lope  a t  d ike  no. 1 w i t h  t racked excavator.  June 
1984. 



Photo 1 .  Upstream d bankment a s  viewed 
from the spillway. March 1985 

Photo 2 .  View of dam 
spillway fro] 
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Photo 3.  Landscapec .ce of dam embankment a s  
viewed frwu aprrrway access road. March 1985 

!st and m face  I .. . Photo 4 .  Cre o f  dike no. 1 embankment 
a s  viewea rrom soucn aDutment. Note grouted 
stone gutt  kment toe.  March 1985 e r  alon g embanl 



) 5. View of lanascapea aownstream face of dike no. 1 
embankment looking toward south abutment. March 1985 

. Downstream : dike no. 2 embankment. March 1985 
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Photo 7 .  Looking d am a t  main access road, energy 
dissipator, gagrng station bridge, and outlet 
channel from crest of dr '--dl 1985 

Photo 8. Looking upstream at energy dissipator and 
downstream face of dam embankment from 
gaging station bridge. March 1985 



Photo 9 .  Approach channel t o  intake structure a s  viewed 
from cres t  of dam. Note ditch to  intercept 
s lope runoff a t  r ight .  April 1985 
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Photo 11. View of completed spillway excavation 
looking upstream. March 1985 
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Photo 12. Core trench excavation using push cat  
and Note dozer using rippers and blade 
t o  e base of r ight  abutment. December 1983 



Photo 13. Foundation excavation using two push c a t s  
and scrsnnV April 1984 
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loto 14. Found xcavation using push ca t s ,  
scra: ~d dozer. Note l ighter  colored areas 
o f  cal lcue ,  or bedrock i n  upstream portion of dam 
foun~ January 1984 dation. 



Photo 15 .  Core trench excavation using push 
cats and scrapers. Note front end loader 
pushing overburden away from bedrock slope 
near station 16+50 for scraper removal. 
March 1984 

cavator 
Photo 16.  Excavating andesite bedrock i n  stage I core 

trench u , vicinity station 31+10. 
December 
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Photo 21.  View leted sl .- 
t. Not( 
Februai 

tage I core trench and 
s backhoe trench i n  
cy 1984 

Pha  to 22. East abutmen I c excavz ion us sing excavator. January 1984 



Photo 23. I n i t i a l  foundation preparation of eas t  abutment 
surface using low pressure a i r  blasting.  Note 
el uary 1984 rcavator on l e f  't. Jan 

Photo 24. Small backhoe a 
abutment excava 
from air 
January 

3 excavator during east  
Note rock dust generated 
rcavated abutment surface. 



Pho 

Photo 25. Foundat paration i n  core trench using 
backhoe- PIIU ahovels,  v i c i n i t y  s ta t ion  17+00. 
March 1 

to  26. View of stage 11 diverseion levee protecting completed 
stage I1 excavation t o  s ta t ion  26+50. Note Stage I 
embankment p r i n  foreground. March 1984 r o t e c t i  



Photo 27. Placing dl mcrete on west abutment slope 
using concrete bucket. October 1984 

explor 
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Photo 28. Di ,at ion trench excavation using 
th, rU,.i scraper. Note dozer being 
used to  r che. February 1984 



Photo 29. View of dike no.1 exploration trench excavation 
looking north from south abutment. January 1984 

Photo 30. Dike no.1 exploration trench excavation using 
front end loader to  clean up the trench. Note 
the cal iche  which coughout the cross 
sect ion of the t r  1984 

i s  v i s  
ench. 

i b l e  t h ~  
January 



Photo 31. Dike no.1 explor rench excavation attempting 
t o  r i p  cal iche  be,,,,,. dtation 31+00 and 30+00. 
February I 

Photo 32. Dike no. 1 exp n trench, s tat ion 81+25. 
Note coherent re blocks on both s ides  
of  ~ h o t o  with c a ~ i c n i f i e d  andesite breccia 

Iry 1984 toward 

l o r a t i o  
andesil .. . , 
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o 33. View of d 1 completed exploration trench 
excavatiol Lng south from station 13+00. 
Note wide by^=-^ caliche. February 1984 

Phoro Jr. Dike no.2 founaaclon after s t r i ~ o i n g .  February 1984 



:ing cru . . 
Vibrat ed t o  crush and screer 
pervious Shel l  material t o  produce gravel 
drain and type 111 f February 1984 

Photo 36. Taking core record sample dike No.1 sta +lo, 
- levation 1461.0, and 7 f e e t  upstream OL c r l ~ ~ e r l i n e .  

bruary I Fel 
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rnoro 40. Placing core  m a t e r i a l  i n  co re  trench. Note t h e  
tamping r o l l e r  being pul led  by t h e  dozer ,  t h e  motorgrader 
s c a r i f y i n g  t h e  su r face ,  t h e  push c a t s ,  and sc rape r s  
excavat ing t h e  embankment foundation and placing t h e  

u i t a b l e  :he core and t h e  :ruck 
dding wi 'e mater June 191 
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Photo 37. Prewetting co re mate r i a l  i n  borrow area 3. December 1983 

a Photo 38. Front end loader loading end dump trucks 
with core material. April 1984 



Photo 41. Typical example of rock- 
core contact on eas t  abutment approxi- 
mate elevation 1447) .  Pneumatic wheel 
ro l l ing  core material prevented damage 
to  highly fractured g ran i t i c  bedrock 
surface by tamping ro l l e r .  July 1984 

a Photo 42. Beginning west abutment surface preparation. 
Laborers permitted t o  work only short  reaches without 
safety  l ines .  Note backhoe removing stage I protective 
cover dowr 1380 ne ie of s l o ~  
September 

I to  elc 
1984 

a r  bas 
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Photo 4 5 .  Five foot high ramp of core material against right 
abutment slope. October 1984 

Photo 4 6 .  Bottom dump truck placing transition material, vibratory 
roller compacting transition material, and motor grader 
scarifying pervious she l l  material during embankment 
construction. November 1984 



Photo 47. Processing transition material on grade with mo--- 
grader during cons ke no.1. March 1984 
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Pho t Concrete plug ( f i l l e t )  3e of conduit using 
concrete bucket. Note laborer on cop or DUX vibrating concrete 

~ n t a c t  with con, :il 1984 
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Photo 52. Concrete plug ( f i l l e t )  
on west side of ou t le t  conduit. 
Not portion of plug i s  
s l i  teeper than 1 : l  t o  e l l  
na t her" edges against the 
of m e  conduit April 1984 

.mi- 
! top 



Photo 55. Stage 11' dam embankment construction at approximately 
elevation 1420. Completed stage I1 embankment with 
upstream stone protection at left. October 1984 

DL....̂  = L  "ressing upstream slope of dike no.1 with tracked * ! 1984 . June 



Completed concrete ( f i l l e t )  plug on eas t  s i d e  of condui 
Concrete s p i l l s  outside plug limits were subsequently 
removed. April 1984 

Photo 54. Backfi l l ing foundation depression upstream of dam 
center l ine  between s t a t i o n s  14+85 and 15+25. 
February 





ATTACHMENT 



The Earth Technology - h Pnrnnntinn 

3116 West Thomas Road. Sulte 601 .PO. Box 14570. Phoenlx, Ar~zona 85063 
Telephone. (602) 269.7501 : Telex. 656338 

January 23, 1984 

U. S. Army Corps of Enginegrs 
New River Dam 
P. 0 .  Box 2019 
Sun Ci ty ,  Arizona 85372 

Attent ion:  Captain Dunn 
, 

Subject :  S o i l  Sampling and Laboratory T e s t i n g  
New River  Dam. Arizona 
Ear th  Technology Pro jec t  No. 84-164-01 

Gentlemen: 

A t  your request  we have sampled and t e s t e d  f o u r  s o i l  samples obta ined  from 

t h e  f r a c t u r e  f i l l i n g  m a t e r i a l  i n  a n d e s i t e  bedrock f r a c t u r e s  a t  t h e  base of t h e  

c o t e  excavation a t  New River barn. Samples were obta ined  December 30, 1983 by 

our  s t a f f  g e o l o g i s t ,  Ron Whi t le r ,  under t h e  d i r e c t  supe rv i s ion  of Corps geolo- 

g i s t  Bob Thurrnan. Samples were obta ined  from f r a c t u r e s  ranging from about  1 /4  

i n c h  t o  2 112 inches  wide. A t  your r e q u e s t ,  t h e  fo l lowing t e s t s  were performed 

on each sample: 

o At t e rbe rg  l i m i t s  

o Grain s i z e  d i s t r i b u t i o n  I 

o S.C.S. double hydrometer d i s p e r s i o n  test 

o S a l i n i t y ,  s o l u b l e  s u l f a t e s ,  and s o l u b l e  c h l o r i d e  content  

Results  of the  A t t e r b e r g  l i m i t s ,  d i s p e r s i o n ,  s a l i n i t y ,  s u l f a t e  and c h l o r i d e  con- 

t e n t  t e s t s  a r e  presented  i n  the  a t t ached  t a b u l a t i o n .  Test  r e s u l t s  were 

telephoned t o  t h e  dam s i te  p ro jec t  o f f i c e s  on January  1, 1984. Resul ts  of t h e  

g rada t ion  t e s t s  a r e  presented  on t h e  a t t a c h e d  g r a i n  s i z e  p l o t .  Figure 1. As 

requested by t h e  Corps, t e s t s  were performed on minus 140 s i z e  ma te r i a l  t o  

screen  out  rock fragment contamination picked up dur ing  sampling. 

S o i l  d e s c r i p t i o n s  and sample l o c a t i o n s  a r e  presented  below: 







ATTACHMENT 2 















PROCEDURES 

2.01 Se lec t  a l o c a t i o n  where t h e  m a t e r i a l s  a r e  r ep resen ta t ive  and d i s tu rbance  
i s  minimal. Level an a r e a  f o r  t h e  r i n g  t o  a depth s u f f i c i e n t  t o  remove a l l  
d i s tu rbed  ma te r i a l s  and high s p o t s  which may cause t h e  r i n g  t o  s h i f t .  Place 
t h e  r i n g  on t h e  l eve led  a r e a  and f i l l  low a r e a s  under t h e  r i n g  t o  s t a b i l i z e  
t h e  r i n g  and prevent t h e  p l a s t i c  shee t  from g e t t i n g  under t h e  r ing .  

2.02 I n i t i a l  volume measurements of  t h e  r i n g  and i r r e g u l a r  ground su r face  is  
obtained. Place a 4 m i l l  p l a s t i c  shee t  i n  t h e  r i n g  and smooth t o  conform with 
t h e  ground surface.  Discharge water  i n t o  t h e  r i n g  u n t i l  t h e  water su r face  
reaches a f ixed  l e v e l .  Smooth and f i t  t h e  p l a s t i c  sheet  around t h e  edges a s  
t h e  r i n g  f i l l s .  Record t h e  i n i t i a l  volume of t h e  water. 

2.03 Pump t h e  water out  and remove t h e  p l a s t i c  sheet .  Care must be taken 
during water  removal t o  prevent  water from a l t e r i n g  t h e  ma te r i a l  mois ture  
content .  Excavate t h e  a rea  i n s i d e  t h e  r i n g  and place t h e  ma te r i a l  i n  a 
b a r r e l .  Excavate t h e  ho le  c a r e f u l l y  t o  prevent  sharp  edges and overhangs t h a t  
t h e  p l a s t i c  shee t  could not  conform t o .  Weigh excavated ma te r i a l s  and record 
t h e  weight. Approximately 1000 t o  1100 pounds of ma te r i a l  must be excavated 
f o r  t h e  dens i ty  sample. 

2.04 Upon completion of t h e  excavat ion p lace  t h e  p l a s t i c  s h e e t  i n t o  the  ho le  
and r ing .  Weigh and record t h e  +6-inch ma te r i a l  before  placing i n t o  t h e  hole  
on the  p l a s t i c  sheet .  Discharge water  i n t o  t h e  hole.  As t h e  water f i l l s  t h e  
hole  smooth t h e  p l a s t i c  shee t  t o  conform t o  t h e  shape of t h e  hole.  Bring t h e  
water t o  t h e  same l e v e l  a s  t h e  i n i t i a l  f i l l i n g  and record the  volume of  t h e  
water i n  the  hole  from t h e  meter. 

2.05 The volume of t h e  excavated ho le  is  t h e  d i f f e r e n c e  between t h e  f i n a l  and 
i n i t i a l  valums msaeuramanCs. 

2.06 The i n - s i t u  d e n s i t y  i s  t h e  weight of t h e  excavated m a t e r i a l s  d iv ided  by 
t h e  volume of t h e  hole.  








