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ANALYSIS OF THE UTILIZATION OF GROUT AND GROUT CURTAINS

HERON DAM

1. INTRODUCTION

1. General description. Heron Dam is part of the Colorado-

New Mexico San Juan-Chama Project. The dam is located in north

central New Mexico about 9 miles southwest of Tierra Amarilla, New

Mexico. See figure 1.

The main dam is located on Willow Creek just above the

confluence of Willow Creek and the Chama River, and the closure

dike is located about 1-1/2 miles west of the dam. The main dam

is a zoned earth and rockfill structure having a maximum struc-

tural height of 274 feet. The crest is at El. 7,199 feet and has

a length of 1,220 feet and a width of 40 feet. An aerial view of

the dam is shown on figure 2.

The closure dike is a zoned earth and rock fill structure

having a maximum structural height o~ 94 feet. The ~rest length

is 2,405 feet and the crest width is 30 feet. An aerial view of

the dike is shown on figure 3.

The reservoir receives water diverted from the San Juan River

System and has a maximum capacity of 428,310 ac.ft. at El. 7,190.8

feet. The reservoir is designed to operate at El. 7,186.1 with a

storage capacity of 399,980 ac.ft.

Construction of the darn and dike was started in 1967 and the

work was completed in 1971.
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?405-S28-2311NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico Aerial view of Heron
Dam taken looking southwest. The dam emuankment is completed to the crest elevation. The
relocated Highway #9S can be seen crossing the dam. The reservoir upstream of the dam is at

elevation 7051. The top of the outlet works intake structure can be seen in the lower cenler

of the ~hoto. Work is underway on the ri~rap and sha~ing of the slopes of the u~~er ~art of
the dam.
Specifications No.

5-19-71 Bureau of

DC-bS58 Universal Constructors. Inc.
Recla.at1on Photo b7 D. Manning
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The general plan and sections for the Heron Dam are shown on

figure 4. The outlet works consisting of an intake structure, a

horse-shoe tunnel, a shaft house and gate chamber, and an outlet

structure are located in the left abutment of the dam: the plan

and sections are shown on figure 5. The general plan and sections

of Heron Dike are shown on figure 6. The spillway is located at

the left end of the dike and consists of a 40-foot-wide paved

channel with vertical side walls: the plan and sections are shown

on figure 7.

2. Heron Dam. Heron Dam has a wide central impervious core

flanked by sand and gravel and rockfill shells as described on

figure 4. A 200-foot-wide cutoff to rock was provided beneath the

impervious core. The centerline of the cutoff followed the axis

of the dam on the upper parts of the abutments but was shifted

about 75 feet upstream of the dam axis in the valley bottom. The

excavation for the cutoff trench was notched into the abutments to

form a uniform slope of about 35 degrees from the horizontal as

shown on figure 4. The rock surface in the valley bottom was

thoroughly cleaned, but there is no indication that the cutoff was

notched into the rock.

A 3-line grout curtain was provided in the plans and specifica-

tions along the centerline of the cutoff trench from Station 9+50

to Station 19+20 - that is from the top of the right abutment to

the top of the left abutment. However, the downstream line was

not installed during construction, and the upstream line was only

installed across the valley bottom and part way up the abutments.

A concrete grout cap having a width of about 3 feet and a depth

- 5 -
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ranging from 3 feet to 6 feet into the finished rock surface was

provided for the center line of grout holes. Blanket grouting was

also provided where the condition of the rock indicated consolida-

tion grouting was needed before the curtain grouting could be

initiated. The grout curtain was extended 1,000 feet on both

sides of the dam. The extended curtain consisted of a single line

without a grout cap.

The dam has a 10-foot-thick drainage blanket extending from

the impervious core to the downstream toe. A 12-inch-diameter

perforated collector pipe was provided on each abutment beneath

the drainage blanket near the embankment-abutment contact. The

pipes start on each abutment about El. 7,100 feet and run to the

downstream toe where they discharge into the outlet works retreat

channel.

Thirty double-tube piezometers were installed to measure

uplift pressures in the rock, and seepage and pore pressure in the

embankment. Nine piezometers were installed in the foundation,

and 21 piezometers were installed in the embankment. All of the

piezometers were installed in the bottom of the valley between

Stations 14+00 and 16+00. See figure 8.

3. Heron Dike. Heron Dike has a wide central impervious

core flanked by sand and gravel and rock shells as shown on

figure 6. A 30-foot-wide cutoff trench was excavated through

overburden and highly weathered rock to firm rock from Station

10+00 to Station 26+00. Side slopes of the cutoff trench were

1 vertical on 1-1/2 horizontal. Between Station 26+00 and the

left end of the dike (Station 33+80), firm rock was exposed at the

15
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surface and the entire impervious core was founded directly on the

bedrock. A single-line grout curtain was provided from Station

10+79 to Station 34+69 with the curtain extending across the

spillway at the left end of the dike. Grouting was accomplished

through a concrete grout cap with a width of 3 feet and a minimum

depth of 3 feet. Blanket grouting was provided for a relief crack

that developed along the right side of the spillway excavation.

An 8-inch-diameter perforated toe drain was provided beneath

the dike embankment near the embankment-abutment contact, where an

intermediate ridge existed. The toe drain started '~tout El. 7,170

feet and ran to the bottom of the valley where it discharged along

side of abandoned U.S. Highway 95. No piezometers were provided

for the dike.

17
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II. GEOLOGY

4. Regional geology. Heron Dam is located about 25 miles

southwest of Chama, New Mexico in the San Juan Mountains. Sedi-

mentary rocks of the Jurassic and Upper Cretaceous Age capped by

extrusive rocks and unconsolidated sediments of Quaternary Age

make up the rock sequence in the vicinity of the dam. See

figure 9. Structural features of the region are complex and are

best shown on figure 10. The dam was constructed on the northeast

flank of North El Vado Dome, also shown on figure 10.

Topography in the vicinity of Heron Dam is characterized by

steep-walled canyons where the Chama River and Willow Creek have

eroded deep channels in sandstone of the Dakota and Morrison

formations. Elsewhere the topography is characterized by gently

rolling hills and broad valleys typical of normal weathering and

erosion of the Mancos formation. Low ridges are formed by more

resistant beds in the shale formation. Several structural and

topographic domes with dip slopes on sandstone of the Dakota

formation are present in the area. Shale has been stripped from

these domes by erosion.

5. Site geology. (a) General. Geology in the vicinity of

Heron Dam is relatively simple. As stated above the dam was

cons tructed on the northeas t flank of North El Vado Dome, an

elliptical-shaped dome whose surface expression is about 2-1/2

miles across. Sedimentary rocks of the Mancos, Dakota and

Morrison formations were uparched forming the dome. At the

damsite the beds dip gently away from the dome at 5° to 10°. Most

of the Mancos formation that once covered the dome has been

19



ROCK COLmL~
VICINITY OF IlEi~ON DAH

SOUTHERN PART OF CHAr-1A BASI~
NE\-J HEXICO

FORNATI ON THICK
AGE AND NESS LITHOLOGY

l-tE}ffiER (feet)

Lands !idc, slopc\"3sh, 0
QUAT. residual soil' to Clay, sand, gravel and boulders.

alluvium ' 100

Upper Shale
Shale, 511 ty, sandy in part, limy with

member 650 limy concretions, few marine fossils;
and thin beds of sandstone, grey.

Niobrara 800
Shale, clayey, sandy in part, limy,

member fossiliferous, black.

tI) tI)

::> 0 Shale, clayey, limy, with0 u Carlile large limy
~z 450u ~member concretions, black, and thin beds of

is limy sandstone.

~u

CJG Limestone, dense, thin to med. bedded,
~Po. Greenhorn 70 grey, with shale, 1 ir.1Y, black.
Po.

::> member

Shale, 1 ir.1)', sandy in lower part.. with
Graneros 115 thin bentonite scams near top and base,

member grey black; concrctions near base.

Sandstone, ~i1iceoL;.s to li&:11, 5 il ty,

Dakota 250 carbon:tccou~, massivc, cross-be>dded,
brown to white and sh3le> c~rbonaceous,
nlack.

Morrison 700 Sandstone', Hnc to medium grain~d, c byey
u and sh:tlc, sandy, grey, grecn, red.
~VJ
V)

~:J 5 Gypsum and v.1ries~limcstonc. Thickness
Todll to to

100
in short distancc>s, grey, wh it e. .

20 FIGURE 9
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removed by erosion, exposing a dip slope on the sandstone at the

top of the Dakota formation. The Chama River and Willow Creek

have eroded their canyons through the Dakota formation and into

the upper part of the Morrison formation in vicinity of the dam on

the north side of North El Vado Dome.

(b) Structure. Deformations associated with doming at

North El Vado Dome are jointing, normal faulting and shear zones.

Jointing is the principal feature caused by doming and is con-

spicuous only in the top of the Dakota formation. The canyons of

both Chama River and Willow Creek are joint controlled. Two

normal faults are located from 500 feet to 1/4 mile upstream from

the dam as shown on the surface geology for the dam and dike on

figure 11. One strikes east-west, its traces are 2 miles long,

displacement varies along its strike from an estimated 2 to 50

feet down to the north in places and down to the south in others.

This fault was investigated by core hole, DH-33 where it inter-

sected the fault plane in shale beds and was tight. The other

fault strikes north-south, its trace is 1.1 miles long and

displacement is estimated at 75 feet down to the west. Other

faul ts were located in the reservoir area, but they were not

continuous through the dam abutments and were not expected to be a

source of leakage. Several shear zones were exposed by excavation

of the cutoff trench in the right abutment.

(c) Joints. Two types of joints, radial and concentric

occur related to the doming action. The radial joints radiate out

from the center of the dome as spokes in a wagon wheel. The

concentric joints circle the center of the dome. Both the radial
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and concentric joints are tension joints and are likely to be open

at considerable depth in the more brittle sandstones but closed in

less brittle or plastic rocks such as some of the shales. Many of

the joints were slickensided, but seldom showed a detectable

offset at bedding planes. The slickensides would indicate that

some time during their stress history they were in compression

accompanied with strike slip movement.

At Heron Dam the major joints strike north-south and are

spaced a few inches to one foot apart and represent the radial

joints. Joints representing the concentric set strike east-west

and are spaced 50 to 100 feet apart. Results of water pressure

tests and examination of rock cores revealed some of the joints to

be open 1/8 to 1/4 inch in the sandstone, but tight in shale to

the maximum depths of the exploratory drilling. Open joints were

believed to exist below depths penetrated by the exploratory core

borings.

The upper 20 to 50 feet of the Dakota sandstone forms a

vertical cliff at the top of the canyon along Willow Creek on both

abutments. Open stress relief joints occur in the sandstone which

are open from a fraction of an inch to 2 or more feet for

distances up to 150 feet on the surface. The joints are believed

to be tight in the shale, but open and unhealed in the sandstone.

The jointing in the Dakota sandstone is shown in figure 12.

6. Site investigations. Site investigations for Heron Dam

were very extensive including surface mapping and subsurface

drilling and sampling. The location of exploration and surface

geology are shown on figures 13 through 16. Surface mapping of
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the damsite and reservoir area was accomplished by Bureau

geologists using topographic maps and aerial photographs. During

construction, the foundation of the dam and abutments, the grout

cap trench and the foundations of the dike and spillway were

mapped on a scale of 1 inch equals 10 feet.

Exploratory drilling included 33 NX core holes totaling 3,455

feet for foundation investigations in vicinity of the dam: ten NX

core holes totaling 579 feet for foundation investigations in

vicinity of the dike and spillway: one 6-inch diameter core hole

totaling 37 feet for investigations of sandstone for zone 3

material: and five NX core holes totaling 191 feet for

investigation of a basalt lava flow for riprap. This drilling was

done under contract with Sexton Brothers. This contract also

included drilling shot holes and conducting three blast tests in

the sandstone. Additional drilling by Bureau crews included eight

NX core borings totaling 146 feet to determine depth of foundation

rock east of the left abutment: twelve NX core borings totaling

266 feet to determine depth of foundation in the cutoff trench:

two NX core borings totaling 132 feet for additional information

in vicinity of the intake structure: and one NX core boring

drilled to a depth of 31 feet for additional information at the

dike.

A review of the exploratory borings revealed that the geologic

information was recorded in detail in a professional manner.

Core recovery was excellent, averaging over 95% with not less

than 90% recovery from anyone hole.
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Water tests were conducted by pressure or gravity in

designated core holes as the hole was advanced. Eighteen of the

first group of 33 core holes were water tested and nine of the

second group of ten core holes were tested. However, of the core

borings listed above only five or six were drilled close enough

(within 150 feet) of the alignment of the grout curtain to be of

any value in attempting to evaluate grouting conditions for design

and estimating purposes prior to construction. In most cases they

were too shallow to be used to relate water takes from percolation

tests to predictions of grout take.

The locations of drill holes 60 through 74 are shown on

figures 13 through 16 along the centerline of the dam and dike:

however, the logs of these drill holes could not be found, and

there is no reference to these holes in the geology reports.

Hence, this study is based on the assumption that the holes were

not drilled.

7. Ground water. Ground water is present in the vicinity of

Heron Dam in the Mancos, Dakota and Morrison formations under

perched and artesian conditions. It also occurs locally under

normal conditions. However, a water table of regional extent is

not present in the area.

Artesian conditions in the Morrison formation were indicated

by grout holes drilled in the foundation area of the dam. Several

grout holes penetrated water-bearing strata in the Morrison

formation 25 to 100 feet below the surface in the foundation area.

Water flows were estimated at 2 to 15 gallons per minute from

these holes. Artesian conditions in the Dakota formation were
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indicated by the water well drilled to supply the contractor's

headquarters with water and for concrete operations. Water in

this well was encountered in the Dakota formation between 238 and

240 feet below the surface and rose to within 100 feet of the

surface. This well was drilled 1/4 mile northwest of the dam,

with a collar elevation at 7,140 feet. Artesian conditions in the

Mancos formation were indicated by water flowing from a uranium

prospect hole drilled about 1-1/2 miles upstream from the dam on

the east side of willow Creek. Water with a strong odor of

hydrogen sulfide flowed from this hole at an estimated 15 gallons

per minute up to the time this hole was plugged. The driller

reported water was encountered in this hole at a depth of 165 feet

in the Mancos formation. Water under normal water table

condi tions occurred as seepage from sandstone of the Morrison

formation exposed in the excavation of the outlet works stilling

basin. This seepage occurred at and below stream level. Ground

water under normal water table conditions is present in the

alluvium along Willow Creek and Chama River, and is tributary to

both. Perched water was indicated by seepage along bedding planes

in the Dakota formation exposed in the cutoff trench excavation.
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III. FOUNDATION TREATMENT

8. General. It is assumed that excavations for the abut-

ments and foundations for Heron Dam, Dike, Spillway and outlet

structures were made by drilling and blasting in the Dakota for-

mation and perhaps the Morrison. Comments are made in several

places in the Bureau's Final Construction Geology Report, stating

that blasting caused bedding planes and joints to open, and caused

overbreak of several feet because of the close spacing and orienta-

tion of the many joints in the geologic formations at the site.

The contractor's blasting procedures were not available for

review: but experience indicates that if uncontrolled blasting

procedures are employed, problems of overbreak and opening of

joints and bedding planes, and creation of new fractures can

occur. It is not known how the blasting procedures changed as

foundation grade was approached, i.e. whether or not less blasting

energy was imparted to the foundation rock as excavation neared

grade by use of lighter charges and more closely spaced holes to

reduce the burden.

9. Dam. (a) Abutments. The abutments were scaled and

cleaned to firm material. A cutoff trench 200 feet wide at the

bottom was excavated into foundation rock in both abutments as

shown on figure 17 . True bedding dips of 30 to 50 NE were

measured in the abutments. A grout cap trench approximately three

feet wide and three to six feet deep was excavated at the bottom

of the cutoff trench.

The contact between the Dakota and Morrison formation

occurs at elevation 6,958 on the right abutment and at 6,948 feet
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Looking downstream at embankment placing operations, Heron Dam.
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in the left abutment. The contact is an uneven erosional surface

as shown in lower part of figures 18, 19 and 20, but there is no

apparent angular unconformity. The Dakota sandstone was fine to

medium grained and locally cong1omeritic, silty, carbonaceous

poorly to well cemented, moderately hard to hard and jointed.

Most of the exposed joints were tight, unhealed, dipped

vertically, with strikes of N20o-30oE, E-W, N-S (the most open

stress-relief set) and NSOoW. A number of joints were open from

1/8 to 1 inch; others were filled with 1/8 to 6 inches of silt and

clay. Gypsum crystals were observed on several joint surfaces.

The shale beds were clayey, carbonaceous, silty, sandy, moderately

hard, fissile to blocky and contained thin sandstone lenses. Beds

in the Dakota ranged from a few inches to ten feet thick. Beds in

the lower part of the Dakota interfingered. Several shear zones

were exposed in the right abutment cutoff trench. They cons isted

of zones of closely spaced vertical joints and fractures striking

east-west with minor displacements.

The Morrison sandstone was fine to medium grained,

clayey, firm to moderately hard and poorly to moderately cemented.

The shale beds were clayey and sandy, moderately hard and

interfingered with sandstone. Most bedding planes were tight and

moderately bonded. Most joints of the Morrison were tight,

unhealed, hard vertical dips and strikes of N20o-30oE, N-S (stress

relief set) and E-W. A few joints in sandstone were open 1/8 to

1/4 inch in places and were lined with gypsum crystals, others

were filled with 1/4 inch to 1 inch of silt and clay. Joints of

the N20o-30oE were most prominent and were spaced 2 to 12 inches

41



..,~ ..' .,..",." ,....
""

:,.~.~ ~,~' ,.
/-~.I. 'c". .. ....

,

}.- ~,
'.,{-~v' >.~;. .,," .'-~t,,;,,~

.,2, ..
"",\.~ ,

.%:'''~:
7"~'

#,.,
~

"
yo. . # '... ,,'

'.,
"

.
'-

.~;
,. "~. ''', ..

'' h...r'\
'

'''.
~'~. , ,

,--.
''"'p---,.

.-,~/.;:;... :
,

. , -.
...'''., ..,~.~~.

"" ~"#;'.,.;-
/~..

~:"~,'"'.-""

~.'fo;
";\..'~', .

"'~.'~"
,,~

' : ;,

" -...P-i;;..~ "~ ~~' ""'." rt.,...- .",..., ". '.. ,
"''''

1M ~.. -. ..,.~
( "

,

-
, "" ~""

",

~
,,

'
,

' ~
,

" "'

,

'-:;~"

",

'"
, "'

,,
'

'
,

'
"

,

""'''
,

-,
" '''...

~"'\.;..'r' ~~ ,
...

."".

'. r
'#t.,~\;"

,~~::::.. ... ,

~'.,
~

'''''' e'~ -
, '..'

'
, " "'-'; :1, ,

"

,

"
,

1J1
"".

' ~ '
"'---'

:"'""..~
,'",

'.' ~ '- -,
.,'

.

..~~ '.. "...,
'" .'

!'~"~""~~. ",/,~"'!':". ~.}.
'<;~,'... ;;;~ ~;:~.~>::;fi~

"'~ - , .~
;... . ~ ,

'-;, eX..~
.?'

"J:f,

ht AbutmentHeron Dam Rig

"

42 Figure 18



Heron Dam Upper Left Abutment
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Heron Dam Lower Left
Abutment
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apart. The vertical joints ended at the sandstone shale contacts.

A review of the logs and notes on the geologic profiles indicates

that the Morrison was easier to excavate and perhaps more shaley

than the Dakota formation and hence tighter except for the joints.

(b) Valley bottom. The foundation in the valley bottom

was entirely in the Morrison formation. The sandstone in the

valley bottom was silty, clayey, poorly to moderately cemented,

moderately hard and slightly friable. Beds were 1/2 to 2 feet

thick. The beds dipped at an apparent dip angle of 20 NE across

the entire foundation. Bedding planes were generally tight. The

dip and strike of joint sets were described above, and were

generally tight, indistinct and not healed. Water seeped and

flowed from open joints and bedding planes exposed in the

foundation excavation below water table. The clean up of the

valley bottom is shown on figures 21 and 22, and filling of an

open joint in the Morrison formation with bucket grout is shown on

figure 23.

10. Dike. Sandstone of the Dakota formation and shale and

limestone of the Mancos formation constitute the foundation of the

dike. Three members of the Mancos formation were encountered, the

Carlile shale, Greenhorn limestone and Graneros shale. The

stratigraphy and lithology of these formations and their location

in the dike foundation are clearly described in the Final

Construction Geology Report and will not be repeated here. All

these beds contained vertical joints spaced 2 to 12 inches apart

and filled with clay, silt and gypsum. Where slope wash soil and

weathered Mancos occurred along the dike alignment, a 30-foot
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bottom width cutoff trench was excavated from Station 10+00 to

Station 25+05. Where sandstone of the Dakota was present, the

surface was cleaned of vegetation and loose rock. A grout cap

trench was excavated along the centerline of the dike between

Stations 10+00 and 35+00.

11. Grout-cap trench. Excavation was accomplished by line

drilling 3-inch diameter blast holes 6 inches apart on both sides

of the grout cap trench. The blast holes were loaded with a

length of primacord and detonated in an attempt to presplit the

rock. Three-inch diameter holes were then drilled along the

centerline of the grout cap, loaded with one to two sticks of

dynamite and detonated with delayed electric blasting caps. The

walls of the grout-cap trench were fractured in many places by

blasting. Broken rock was excavated with a backhoe and by hand.

After final cleanup, the geology exposed in the bottom and walls

of the grout-cap trench excavated in the abutments and the

foundation of the dam was mapped. The final geologic profile

along the dam grout cap is shown on figure 24.

The grout-cap trench in the dike foundation was not mapped.

The excavation for a portion of the grout cap in the dike

foundation is shown on figure 26 and a section of completed grout

cap is shown on figure 27. Sound rock was exposed in the bottom

of the entire grout cap trench except between Stations 17+20 and

17+40 in the left abutment and between Stations 11+35 and 11+70 in

the right abutment where weathered and fractured shale was

exposed.

49





C R E S T  EL .  7 199- -- -. 

GROUT TAKE ABOVE DASHED LINE 

LEAKED T O  THE SURFACE - - + -  - 

- -- SHALE _ - 

71QQ 

--- -- - 

/ I -  - 
- 

 SANDSTONE^-_, - / SHALE C R A T A C + U S  Q A K O T A  F O R M A T I O N  

_C _ _ -  -- - 
/ -- 

S H A L E  -- -- - 
/- - -- 

I- __/------- S A N D S T O N E  w 
w -- -- SANDSTONE- 

--- 
u 

- - - - - - - -- -- 
-- - - . - - - - - - S H X  c- -1 7 , , , 

lPPe -- 
f _- - 
Z APROX T O P  O F  G R O U T  CAP S A N D S T O N E  

4 
> 

--- pp _C D A K O T A - M O R R I S O N  CONTACT-  

SANDSTONE 

SANDSTONE C L A Y E Y  

6 9 0 0  -- S A N D S T O N E  JURASSIC MORRISON F O R M A T I O N  6 g Q I  

B c  APROX.  B O T T O M  O F  G R O U T  C U R T A I N  

---_____ -------- _ /--- 

GEOLOGIC PROFILE ALONG GROUT CAP 

C D * T R I C T  " 0 .  2 - 0 7 - 0 " - 0 O l . b  

U .  5 .  D E P A R T M E N T  O F  T I I E  I N T E R I O R  

B U H t A U  OF R E C L A M A T I O N  

G R O U T I N G  H L S E A R C H  F ' H O G l l A I A  
. .  - - - ~ -  - 

HERON D A M  
( L O O K I N G  D O W N S T R E A M )  

GEOLOGIC PROFILE 
.- . ---- -- ~ - -- -- - - . . 

P Y L P A H F O  8 1  C I  I U D €  b. I L T Z k n  

REF .  DWGS. 4 8 5 - - 5 2 8 - 1 8 8 4 .  1 8 8 5  6 1 8 8 6  J U L Y  , .a2  ' O " . U L T , " G  i j L " , t C 1 I I I I L * L  L I t O l l i L  I "  

-- .- -_ _ .- I -. - .  ----- 

5 1 FIGURE 2 4  1 



L

foxj

1-'-
';'-1
~
f-'j
(1)

-------

U1
W

rv
V1



I.

(Jl
.j:::.

~
~.

(Jq
~
hj
(1)

f'0
(j\ Pl~65-528-1330NA I:~ron Dam--San Juan-Chama Project--Coloraclo-Ne~] Nexico View of the

cap and founciation trench of the dike section looking southeast from station 11+60.
Specifications No. DC-655G Universal Constructors Inc.
1-2-68 Bureau of ~eclamation Photo by K. Cooper

grout

I,
-

~-



IV. GROUTING

12. Design of grout curtain. The pressure grouting program

consisted of curtain grouting across the foundation of the dam and

saddle dike with extension of the curtain in both abutments for

1,000 feet beyond the limits of the dam. The final report on

foundation and outlet works grouting is reprinted in appendix A

except for the drawings pertaining to the outlet works.

The plans and specifications provided a triple-line curtain

for the dam between Station 9+50 at the top of the right abutment

to Station 19+20 at the top of the left abutment. The primary

grout curtain was to be constructed through a grout cap

approximately 3 feet wide and extending into the foundation to

depths ranging from 3 to 6 feet. Design of the curtain called for

holes along the primary and supplemental curtains to be drilled to

a depth of 260 feet with closure on holes to 10-foot centers.

Holes on the extended curtains were in a single line on 30-foot

centers to a depth of 260 feet. Heron Dike holes were drilled

from a grout cap to maximum spacing of 10 feet and to angled

depths ranging from 110 to 160 feet. A few blanket holes were

drilled in selected areas to depths of from 5 to 40 feet to

consolidate the rock prior to high pressure grouting. These holes

were drilled through pipes embedded in the grout cap. Drilling

and grouting was done by the ascending-stage grouting method with

packers. Provisions were made for descending-stage grouting if

required. All blanket holes were grouted by hooking directly to

the grout pipe.

The primary curtain was constructed generally as per specifica-

tions ~ however, the third curtain 20 feet downstream from the
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primary curtain was not constructed and the second curtain was

stopped at elevation 7,095 on the left abutment and at elevation

7,150 on the right abutment.

13. Specifications. In addition to the curtain grouting

previously mentioned, the specifications provided for pressure

grouting the formation surrounding the outlet works intake

structure, tunnel, gate chambers, adit and shafti and it provided

for pressure grouting any faults, shear zones, springs or other

foundation defects.

The specifications were of a very general nature and left many

items up to the direction of the contracting office. Such items

included spacing of holes, grout pressures, water-cement ratios,

etc. The specifications did establish a maximum depth of hole of

260 feet and a maximum pressure of grouting pressure of 250 psi.

The minimum diameter of hole of that produced by an EX size bit,

approximately 1-1/2 inches was required. The payment for cement

by the cubic foot was based on the final pressure grouting

quantity averages as follows:

Take in sacks
per lineal foot
of hole drilled Payment

0.75 sack or less Bid price plus 75% of bid price
for the number of additional
sacks required to average o. 75
sack of cement per lineal foot

0.75 to 1.25 sacks Bid price

Greater than 1.25 sacks Bid price up to 1.25 sacks but
only 50% of bid price for all
sacks of cement placed in excess
of the 1.25 sack average

56



14. Water-pressure tests. The specifications required that

"all holes shall be tested with clean water under continuous

pressure up to the required grouting pressure in order to clean

effectively the intersected foundation defects and to determine

volume and extent of leakage." The results of pressure tests for

holes that were hooked for grouting are not shown in the consoli-
\.

dated drilling and grouting records or the grout-line profile.

The grouting report in appendix A on page 10 states:

"grouting of a stage was required if the water acceptance at the

required pressure for grouting was greater than 2 cubic feet in 5

minutes. Initially a criteria of 1 cubic foot in 5 minutes was

used, but experience showed that grout wottld be refused, so the

water acceptance volume was increased."

The water testing operation was apparently not used as a means

of determining the water-cement ratio to be used in the initial

grout mix. This assumption is based on a directive to: All Grout

Inspectors (which was unsigned and undated) in regard to water

testing stated the following:

"Water test all stages in which you set a
packer. The primary reason is to see that your
packer is holding. The secondary reason is to
lubricate the hole. It is not absolutely
necessary to water test the nipple before
grouting."

15. Grout mixes. Grout mixes varied, depending on the type

of treatment required. The water-cement ratios used in grouting

were as follows:
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Area of Grouting

Range of
Water-Cement

Ratios

Water-Cement
Ratios Used
Most Often

Heron Dam
Blanket Grouting
Curtain Grouting

5: 1 to 1: 1

12:1 to 1:1
2:1
8:1

Heron Dike
Blanket Grouting
Curtain Grouting

8:1 to 1:1
10:1 to 1:1

1:1
8:1

Curtain Extension -

Right Abutment 8:1 to 1:1 8:1

Curtain Extension -

Left Abutment 15:1 to 1:1 8:1

16. Grout-injection pressures. According to the grouting

report in appendix A, the grout-injection pressures used at Heron

Dam were as follows:

Blanket Holes - Main Dam - 10 psi at collar of hole

Foundation Curtain - Main Dam - 10 to 15 psi at the collar
increased by 1 psi per foot of depth of the packer
setting.

Curtain Holes Extension - Right Abutment - 10 psi at the
collar with increases of 1 psi per foot of depth to the
packer setting.

Curtain Holes Extension - Left Abutment - 10 psi at the collar
with increases of 1 psi per foot of depth to packer
setting with maximum 150 psi.

Blanket Holes - Heron Dike - not given

Curtain Holes - Heron Dike - 10 to 15 psi at the collar with
increases of 1 psi per foot to packer setting.

17. Spacing of holes and closure. Grouting of the curtain

holes was by the split-spacing closure method. The data on unit
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takes of sacks per foot of drill hole for the primary and inter-

mediate closure holes are presented in figure 2 of the grouting

report in appendix A.

18. Refusal criteria. Grouting of a stage was terminated

when the grout take in a zone was less than 1 cubic foot of grout

mixture in the time and at the pressure shown below:

10 minutes at 50 psi or less

7-1/2 minutes between 50 and 100 psi

5 minutes at pressures greater than 100 psi

The above times represent a 50 percent reduction in the times

listed in the specifications. Grouting was also terminated if

less than two sacks of cement per hour were being injected for a

period of 2 hours when pumping was continuous.

19. Final backfill of holes. The specifications required

that all holes and all pipe remaining in place be filled with

grout and that payment will be made at the bid price for pressure

grouting foundations. The specifications did not indicate the

method to be used in backfilling or whether or not the backfill is

paid for as a connection. If required to use a tremie hose in the

backfill operation (the usual and best method) some contractors

consider this to be a separate operation and claim pay for a

connection each time the hose is used.
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v. ANALYSIS

20. Pre-construction geologic investigations. Th e pre-

construction geologic investigations would have been more complete

if drill holes 60 through 74 along the axis had been drilled to

the planned depth of the grout curtain. The data available

indicate that the drill holes did not extend to the depth of the

grout curtain. The geologic conditions were well described in the

geology report; but the geologic data were not related to design

of the grout curtain, and only descriptive quantities were given

for the grout takes.

21. Design of grout curtain. (a) Dike. The primary holes

of the grout curtain for the dike were carried to depths ranging

from 110 to 130 feet right of Station 25+00 (Station 25+00 to

Station 10+79) and to depths ranging from 140 to 160 feet left of

Station 25+00 (Station 25+00 to Station 34+67). The need to carry

the grout curtain to these depths to the ends of the dike is

questioned. DH-10 located along the spillway at the left end of

the dike had a complete water loss from 130 to 138 feet (El. 7,091

to El. 7,085.5), but the primary holes at the end of the dike were

taken down to elevations ranging from 7,070 to 7,050 feet. Even

though water was lost in the drill hole down to the interval from

130 to 138 feet, the need to take the grout curtain to this depth

at the end of the dike is questioned. The only serious seepage

problem at end of the dike was in the rock disturbed by blasting

for the spillway. Considerable blanket grouting was provided for

the disturbed material, and no problems have developed to date;

but the jumble of material left by the blasting could have re-

sulted in piping of the backfill material for the spillway walls.
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The depth of grout curtains for long low dikes is a difficult

question for designers. In the instant case the dike at Station

25+00 has a height of about 94 feet, and it would appear logical

to take the grout curtain at this point into the first shale layer

or to a depth of about 100 feet. Between Stations 21+00 and

10+79, the dike has a maximum height of 40 feet. In this reach

most of the grout takes were at very shallow depths except for the

hole at Station 14+59 taking 435 sacks in a water loss zone from a

depth of 53 to 54 feet. After the formations were tested, the

deeper part of the holes could have been suspended, particularly

where the head would have been extremely low. The ends of the

dike are not located on narrow protruding ridges because of the

flat topography: hence, the seepage path would be relatively long,

which is another factor favorable to lesser depth for the grout

curtain.

The holes were angled to the left 22 degrees from the

vertical, thus intersecting the bedding at an angle of 73 d~grees.

Angling of the holes is considered to be appropriate as it gave

the best chance to intersect vertical joints.

(b) Dam-abutment extensions. The purpose of the exten-

sions was to provide a barrier in the vertical relief joints

paralleling the Willow Creek channel. Seepage from the relief

joints could have discharged immediately downstream in the right

canyon wall of the Chama River. The curtain was drilled to an

angled depth of 260 feet, which is to approximate elevation 6,960.

The bottom of the curtain was only about 35 feet above the bottom

of the nearby canyons. On the right extension, the bottom of the
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curtain was only a few feet above the Dakota-Morrison contact, but

was a greater height above the contact on the left extension.

With the known geologic conditions, the length and depth used in

the design of the grout curtain extensions are considered to be

satisfactory.

(c) Dam. The grout curtain for the dam was designed to

prevent seepage through the relief joints in the abutments and to

prevent underseepage in the valley bottom. The abutment curtain

tied into the extended curtain as previously described, and had

adequate depth to intersect a zone of moderate water loss in a

pressure test in DH-13 between elevations 6,974 and 6,918. The

curtain in the valley bottom was carried down to an angled depth

of 150 feet - a vertical depth of approximately 140 feet. The

holes were drilled toward the abutments at an angle of 24 degrees

from the vertical, and an overlap of 68 feet of the holes from the

two abutments was made near the center of the valley. Grout takes

were relatively small at depth in the Morrison formation of the

valley bottom and the depths of the intermediate holes were

appropriately reduced. Blanket grouting and filling of joints

open to the surface with bucket grout were used in an attempt to

seal the near surface bedrock openings. The extent of the

cleanout and sealing of the narrow silt-filled joints is not

known.

It is considered that the design of the grout curtain was

satisfactory. In particular it is considered that the use of

angle holes was most appropriate as this gave the best chance to

intersect the vertical relief joints.
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22. Specifications. A more detailed specification than that

provided for the project would have been beneficial. The grouting

could have been accomplished with much less difficulty had the

contractor known in advance the specific type and capacity of

grouting equipment required and the procedures that would be

acceptable to the government. Specifications could probably be

much improved by the changes and/or additions given below:

(1) Under grouting equipment specify the capacity of

mixing tubs, agitator-sumps and minimum diameter of grout supply

lines (from the sump to header and grout riser pipe) and the

inside diameter of the packer. A grout plant having a minimum

capacity of 50 to 60 gpm of grout injected at the specified gage

pressure should be specified.

The minimum diameter of the pipe inside the packer should

also be specified. This should be as near the inside diameter of

the grout riser pipe as possible to eliminate restriction of flow

and backpressure at the packer. The 3/8-inch pipe through the

packer such as was used at Heron Dam would obviously impede the

flow of grout and thus delay the operation.

The specifications should have required the pressure

gages to be accurately-calibrated, high precision and in easily

readable pressure subdivisions, i.e. 2 psi subdivisions for low-

pressure grouting. Gages should be checked for accuracy at least

once a shift.

(2) Under grouting materials require that a sufficient

quantity of cement be stored at or near the site of work to insure

that grouting operations will not be delayed due to a shortage of
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cement. A minimum of 500 sacks should be on hand before beginning

to grout any zone of any hole. (Depending on the number of grout

plants.)

(3) The specifications should have indicated that the

depth to water would be measured by government inspectors on

completion of drilling and just prior to starting the grouting.

The adjusted depth to water in a hole provides valuable

information as to the depth of the lowermost cavity or open

fractures in the hole. This is especially important where

drillers I logs are poor and show little or no information as to

the water loss and depth of cavities, clay seams, etc.

(4 ) The specifications should have required the use of a

secondary grout placement unit (agitator and pump) at an elevation

approximately that of the collar elevation, if the elevation

difference between the primary grout plant and the grout header

resul ts in gravity pressure higher than the maximum allowable

injection pressure.

(5) The method of sounding completed grout holes to

determine if they are filled with solid grout should be specified.

The method of backfill (tremie method) and provisions for payment

(if allowed as connection) should be specified. To "top out a

hole" may require several tremie operations with thick grout.

(6) The range of water-cement ratios expected to be used

should be included in the specifications.

(7) The specifications required pressure washing by

water and/or air but did not specify the extent or time required

for washing.
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(8) The specifications required pressure testing of

grout holes prior to grouting but did not specify the amount of

time required for testing, i.e. 5 minutes after maximum pressure

has been reached, etc.

(9) Specification requirements for descending-stage

grouting were "whenever required" as determined by the contracting

officer. Although all grouting procedures are controlled by the

contracting officer, it would probably be helpful to the contractor

and the inspector to state the criteria when descending-stage

grouting would be used, i.e. caving hole, total loss of drill

water, major cavity, etc.

23. Grouting procedures. Ascending-stage grouting is

generally well suited for use in weak, thin to medium-bedded

sedimentary rocks as it permits the use of higher pressures in the

deeper zones and minimizes the danger of the high pressures being

applied to the rock in the upper levels of the foundation.

However, the designers could not foresee the problems of setting

packers in highly fractured and often oversized holes (due to

drill-water erosion of the softer interbeds) and the large number

of holes in which grout leaked to the surface. Descending-stage

grouting could have been used beneficially at this project as the

packer would have been set in a previously grouted section of the

hole. The use of descending-stage grouting would have required

considerably more drilling time than the method used. As the work

was successfully accomplished by the ascending-stage grouting

method, it must be concluded that the added time and cost for

descending-stage grouting were not justified.
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(a) Water-pressure tests. A common procedure is to

grout any stage that takes 1 cubic foot of water in 5 minutes at

the planned grouting pressure. The use of 2 cubic feet in 5

minutes on this project as the starting point for grouting was

justified as grouting was refused at where the water test was 1

cubic foot in 5 minutes.

The results of the water pressure tests could have been

used as a guide for selecting the initial water-cement ratio in

accordance with the following tabulation:

Up to 4
4 to 6
6 to 7
Over 7

Initial Water-Cement Ratio
(by volume)

6:1
5:1
4:1
3:1

Water Take
(cu. ft. per minute)

(b) Grout mixes. A review of the grout mixes in the

summary presented under sec.tion 15 above and in the summary of the

daily reports indicates that very thin grout mixtures were used in

the grout curtains. The reason for continued pumping with mixes

in the range of 8:1 and 7:1 are presented as follows in a

memorandum dated March 13, 1970 from Peter A. Aberle to Cecil

Tackett, Subject, Letter dated February 24, 1970 from Universal

Constructors "Claim for Additional Compensation for Grouting":

"(2). Excessively high water cement
ratios - On February 19, 1970, a hole at
station 3+40 was being grouted. The take was
at a constant rate of 12 sacks per hour using
an 8:1 water-cement ratio by volume mix. The
mix was changed to a 7:1 water-cement ratio mix
and the pumping rate dropped to 10 sacks per
hour. On February 20, 1970, a hole at station
10+38 was accepting grout at the rate of 16
sacks per hour using a 7:1 mix. The mix was
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changed to 6:1 and the grout take dropped to 12
sacks per hour. Numerous other similar
situations can be cited. It is known fact that
on as many occasions as cement takes decrease
with a change in mix, cement takes also
increase with a change in mix. However, this
is not known until the change is made. I have
the firm belief that every stage in every grout
hole is important and must be grouted with a
maximum effort and using the thinner mixes will
accomplish this in a more satisfactory manner
in this particular type of rock."

As a general rule the thin mixes may have been required,

however, a review of the summary of daily grouting records

indicates several cases where thicker mixes could have been used

to save time and to install a more competent grout. In the hole

at dam Station 11+41, the inspector noted that "the hole was on

suction and had no back-pressure over 68 hours of pumping." The

stage depth of 160 to 230 feet accepted a total of 1,026 sacks of

cement injected at water-cement ratios of 6:1 or higher. In the

same hole at stage depth 140 to 164 feet, a total of 1,200 sacks

was injected over a period of 66 hours at water-cement ratios from

8: 1 to 5: L

The hole at darn Station 10+73 accepted 1,715 sacks at

stage depth from 135 to 148 feet at water-cement ratios ranging

from 8: 1 to 5: 1. According to the inspector's notes, "the hole

was on vacuum throughout the pumping time." The hole was grouted

over a period of 13 days but the grouting time is not given.

The results of pressure tests prior to grouting the two

holes are not shown in the grouting recordsi however, for holes to

accept grout on vacuum for a period of up to 68 hours, it can be

assumed that water takes must have been quite high indicating that

a relatively thick mix could have been used initially. Following
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the initial injection, the grout should have been thickened to

eliminate the vacuum.

Another problem contributing to the vacuum was the slow

pumping rate of less than 2 cubic feet per minute of mixture

possibly resulting from a small injection line and low pump

capacity. This latter problem was addressed as follows in a

letter dated April 17, 1970 from Project Construction Engineer to

Chief Engineer, regarding the claim for additional compensation

for grouting:

"4. Maximum pumping rates.
The maximum pressure being used is 150 psi and
the minimum pressure is 15 psi which gives an
average of 82.5 psi. A test was run to demon-
strate to the subcontractor how the small 3/8-
inch pipe through the packer restricted the
flow of water at different pressures. For
example, total volume was restricted to 11.2
cubic feet in 5 minutes with 88 psi. This
equaled 16 sacks per hour with an 8:1 mix.
This 3/8-inch pneumatic packer was used ex-
clusively from June to October 1969. Sub-
sequently a 3/4-inch packer has been used
occasionally. Another test performed with a
new pump indicated the grout pumps were too
small. In a hole being grouted at the 90 to
lIS-foot stage, a 1/2-inch packer was used.
The allowable pressure was 100 psi: however,
only 75 psi could be attained. The maximum
output of the pump was 34 sacks of cement per
hour at a 5:1 water-cement ratio or 23.3 gal-
lons per minute. The small packers and under-
sized pumps have precluded the subcontractor
from pumping grout at high rates where such
holes and stages would accept grout at the
higher rates. This in turn has lowered the
overall average rate of take."

The experience with the slow rate of injection at these

holes even though a vacuum existed indicates the need to specify

minimum sizes of injection pipes and minimum capacity of pumps:

and in addition, it indicates that thicker grout mixes could have

68



probably been used. In this manner time would have been saved by

the contractor and thereby reducing his basis for a claim. The

daily record also indicated in the hole at Station 10+73 that the

stage refused after 1,165 sacks and it was found that the packer

was plugged. This also indicates that the pumping rate was too

slow.

Placement of large quantities of thin grout mixtures as

per these two holes may result in the grout travelling well beyond

the limits of the planned or needed width of the grout curtain.

There is no established rule to determine the width of a grout

curtain. For an earth dam a grout curtain having width equal to

the impervious core contact should be adequate. Where large takes

occur it is considered advisable to drill exploratory holes to

determine where the grout is going.

(c) Grout-injection pressures. It is not clear what the

intended maximum pressures were. The specifications stated that

the maximum pressure would be 250 psi, but did not state whether

this was the collar pressure or the pressure at the packer. The

specifications required the packer seal to be equal to the maximum

grout pressure. If a pressure of 250 psi were used at the collar

for a 260-foot deep hole with a packer set at 230 feet the

required seal pressure would have been 218 (vertical depth) x

0.478 (8:1 grout) = 104 psi + 250 psi = 354 psi.

The contractor had difficulty in providing packer seals

for collar pressures of 240 psi and the record in appendix A

indicates that the maximum pressures were lowered from 240 psi to
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200 psi in October, 1968 and subsequently lowered to 150 psi in

February, 1969.

The need for a collar pressure of 250 psi at Heron is

questioned. The water table at the dike was non-existent. The

water table in the dam abutments was just above streambed, and the

water table in the valley bottom had a slight artesian pressure.

Hence the only pressure required to make the grout flow was the

friction in the lines and the friction within the rock fractures

except in the valley bottom to overcome the static water pressure.

For the deeper holes where the rules shown in section 16 would

have permitted a collar pressure of 220 psi for an angle depth of

230 feet for the packer, the pressure at the packer from the fluid

in the line would have been 104 psi, and only sufficient

additional pressures to keep the grouting flowing should be

adequate to move the grout in the rock fractures a sufficient

distance to form an adequate barrier width.

A review of the summary of daily grout records indicates

that the pressures used exceeded the values established ,by the

rules in section 16 above. For example:

Hole - Station 2+70 on 1,000' Extension Curtain-Right Abutment
Angle of hole = 24° Depth of Packer = 87 feet
Grout Pressure - Maximum 120 psi Minimum 97 psi

Vertical depth of packer = 79.5'

Pressure load of 8:1 grout at 79.5' = 38 psi

Maximum allowable = 10 + 79.5 = 89.5 or 90 psi

Hence the pressure used exceeded the allowable by 30 psi.

There is evidence of excess travel of the grout from this hole
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either by travel through existing fractures or by lifting of the

rock from the following note in the record, "hole started to leak

to hole at station 1+50 in process of drilling, so thickened mix

to water-cement ratio 1:1."

Displacement of foundation rock up to 0.13 foot occurred

in the grouting. Recurring displacement of rock was disclosed by

vertical movement levels in the area between Stations 17+66 and

18+32 at distances of from 75 feet upstream from the grout cap to

80 feet downstream. (Drilling and Grouting Operations Report -

L-lO, April 27, 1970 to May 25, 1970.) Slight horizontal movement

was also recorded. Photographs of the crack are shown on figures

28 and 29. A more complete description of the cracking in this

reach is presented on page 31 of appendix A, and a photograph

showing the rock bolts used to stabilize the rock block is shown

on page 32 of appendix A.

Other indications of possible lifting that may be cited

are as follows:

(1 ) Blanket hole at Station 18+82 - stage depth 3

to 14 feet. "Grout leaks after placing 576 and 890 sacks at

pressures up to 10 p. s. i. Water leaks above 6" bentonite bed

which crosses grout cap at station 17+73." This is an unusually

large grout take for a blanket hole. Pressure of 10 psi at depth

of 3 feet is excessive.

(2) Hole at Station 18+32, intermediate curtain.

After placing 55 sacks - at stage depth 0-3 feet with pressure at

5 psi inspector noted "reopened joint across grout cap at station
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P465-528-2567NA Heron Dam--San Juan-Chama Project--Co1orado-New Mexico
View of joint 0 to 10 feet upstream of grout cap. Joint is norffial to

grout cap at station 18+38 and was opened while grouting the 20-40

foot stage in grout hole at station 18+20.

Specifications No. DC-65S8 Layne Texa8 Company. Sub-contractor

4-28-70 Bureau of &eelamation Photo by D. Hanning
72 Fizure 27

F 11)



:..r /,!", -....
. - .. . ,"1;: -,~

'-..:. /'/r-..'":
"

.~

'"""

. f...~f;

~.
,.-', ~. 1,

\
.. ,,,'

..
~ .',

't..~' fO.'

<4

..~. \.
"{. \.';', '..'

. ,., .,. I

P465-528-2569NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico
View of joint 50 feet downstream of grout cap. Joint is nor~al to

grout cap at station 18+38 and was opened while grouting the 20-40

foot stage in grout hole at station 18+20.
Specifications No. DC-65>8 Layne Texas Company. Sub-contractor
/.-')It -70 Rur..u nf a.,. lama tion Pbo~n bv D. Mann11\Jt
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18+38, a to 75 feet upstream of grout cap. Joint opened 1/16 inch

at no time to our knowledge was pressure greater than 5 p.s.i."

(3) Hole at Station 10+73, stage depth 115 to 148

feet pressure 125 psi with 8:1 grout mix. Inspector's remarks

"packer ruptured after 6 sacks had been injected. Hole was

immediately washed. Grouting resumed after two hours. Hole

refused at first but proceeded to take after 20 minutes."

The only reason that flow of grout would start after 20

minutes is that the pressure displaced the rock. Station 10+73 is

located at mid-height on the right abutment. As the rock surface

is sloping the effective vertical load of the rock at the packer

would have to be computed accordingly. Furthermore, the shear

strength along the intersected shale seam from EI. 7,007 to EI.

7,013 may have been less than the applied grout pressure. See

geologic profile on figure 23 and grout profile on page 65 of

appendix A.

It is concluded that grout pressures in some cases

exceeded the pressures guide lines and that even the guidelines

permitted pressures on the unsafe side because:

(1) The pressures were computed for the collar and

not for the point of application.

(2) The allowable pressures were computed for the

angle depth of hole and not the vertical depth.

(3 ) The topographic conditions of sloping rock

surfaces of the abutments was not taken into account.

(4) The shear strength of a weak horizontal plane

in the abutments was not considered.
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(d) Spacing of holes and closure. Reference is made to

figure 2 of appendix A. The progressive decrease in unit takes

for all curtains from the primary spacing through each of the

higher order of split holes to the terminal unit takes indicates

that the rock had become tighter due to grouting. However,

complete grout saturation may not have occurred along the main

curtain of the dam as the unit take on the final-closure holes

(10' centers) was 0.77 sack per foot and the unit take on the

additional-closure holes (5
'

centers) was 0.57 sack per foot.

These unit takes were appreciably greater than the unit takes for

the final holes of the abutment extended curtains and of the dike

curtain. Even though additional grouting was accomplished in the

adjacent parallel curtain, it is considered from a closure stand-

point that split-spacing to 2-1/2-foot centers should have been

accomplished in areas of high takes until unit takes comparable to

the other curtains were aChieved.

A review of the available records does not indicate that

exploratory core borings were drilled to check the effectiveness

of the grouting. Drilling of such holes in areas of high grout

take would have either verified that the main curtain was tight or

that additional grouting was needed.

(e) Refusal criteria. The refusal criteria as changed

in the program is considered to be adequate. On some projects a

refusal criteria of 1 cubic foot of grout mixture in 5 minutes is

used at any pumping pressure which is similar to the criteria of

not grouting if the take in the water test is less than 1 cubic

foot in 5 minutes at the planned grout injection pressure.

24. Unexpected geologic conditions. The main unexpected

geologic condition encountered during grouting was the joint
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pattern and weak horizontal seam on the left abutment that allowed

movement of a large block of rock even though a low grouting

pressure was being used at the collar.

25. Grout takes in relation to geology. An abstract from the

Final Construction Geology Report is reprinted in appendix Band

is titled "Grout Takes in Relation to Geology." This discussion

was written by Kenneth R. Cooper, project geologist. The discus-

sion is considered to be fairly complete and is considered to be

an accurate evaluation of the subject matter. The drawings titled

"Geology & Grout Curtain" are also included in appendix B.

Grout takes of up to 6,609 sacks in a single hole were

probably unnecessary to obtain a seepage barrier of adequate

width. When it was known that the grout was travelling as much as

600 feet upstream and downstream in the North-South relief joints

the grout mix should have been thickened or buffer holes should

have been drilled upstream and downstream to stop the excessive

spread.

Where grout similar to brick mortar was found during clean up

of the abutments, it must be assumed that the thicker grout mixes

used in the blanket grouting picked up sand while travelling

through the joints. This is not considered harmful to the seepage

barrier. However there is concern that thin grout of 8:1 used

elsewhere could erode holes in sandy joint filling that would make

the filling more susceptible to piping than it was before

grouting.

The descriptive quantities developed for the design in

Volume III, Paragraph l33.4.2D, Foundation Data (Geology), were as
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15,458 sacks
36,343 sacks
3,936 sacks

41,801 sacks

3,582 sacks
9,450 sacks
42,686 sacks

3,417 sacks

follows: (1) dam abutments, "small to moderate"; (2) dam channel

section, "small to moderate"; and (3) dike, Dakota sandstone east

of State Highway 95, "small to moderate".

Grout takes were as follows:

Right abutment 1,000-foot extended curtain
Right abutment dam - Sta. 0+00 to 13+43
Channel section dam - Sta. 13+43 to 15+27
Left abutment dam - Sta. 15+27 to 18+99
Left abutment, outlet works

Access shaft radial holes
Tunnel radial holes

Left abutment 1,000-foot extended curtain
Dike - Sta. 26+00 to 34+67 excluding blanket

grouting of blast-damaged area

It is considered that a take of 3,417 sacks along 867 feet of

the dike would be small to moderate. The takes on the dam must be

considered high takes whether measured by lineal foot of dam or

of the main curtain and for the blanket holes.

lineal foot of drill holes, especially the takes per lineal foot

See figure No.2,

page 39 of appendix A. On the left abutment the takes from the

tunnel and access shaft radial holes must also be considered to be

part of the grout curtain. It is not possible to determine at

this time how much of the dam grout quantity was due to flowing

thin grout excessive distances.

26. It is an unusual blastingGrout cap construction.

procedure to line drill rock on 6-inch centers and then load the

line holes. The 3-inch holes are considered to be too large for

unless the prima-cord was

the single string of prima-cord to be well coupled to the rock

carefully positioned and stemmed.

Loading the line-drilled holes probably caused more blasting
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damage than if they had not been loaded. The object of line

drilling is to give the blasting holes a line of weakness to break

to. Prima-cord detonated on 6-inch centers can impart excess

energy into the rock causing severe overbreak. The concern is

that excavation of the grout-cap trench will spring the beds and

shatter the rock to the depth of the trench thereby creating a

pervious zone adjacent to the grout cap.

27. Evaluation of grouting as related to seepage and pressures.

(a) Seepage at dam. The inspection of September 11, 1980, found

no seepage from the left toe drain of the dam and a small amount

of seepage from the right toe drain with some flow also around the

pipe. As the pipe is surrounded by gravel it should be expected

that if there is flow in the pipe there will also be flow in the

gravel around the pipe.

One wet area was found above the outlet works at the

Dakota-Morrison contact. The area seeps and drips in quantities

too small to measure.

This information indicates that the foundation is rela-

tively tight, and that seepage problems to date are of no concern.

The grout curtain undoubtedly blocked seepage that would have

developed through the relief joints paralleling the canyon walls.

(b) Seepage at dike. The inspection of September 11,

1980, found that the toe drain was discharging only an insignifi-

cant amount of water. There were also seepage areas at the toe of

the dike and some seepage was found emerging from the sandstone

about 100 feet downstream from the end of the concrete spillway

chute. The spillway under drains were dry, but there was a minor
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amount of seepage on the invert of the drainage outlet channel a

short distance below the drain outfalls. The maximum reservoir

water surface before the inspection was El. 7,180.3 feet (July 17,

1980) and the reservoir water surface on the inspection date was

El. 7,176.61 feet. If the water surface ever rises to the

spillway crest (El. 7,186.1 feet), there could be seepage along

side the spillway due to the open joints created by excavating the

spillway.

(c) Seepage at Chama Canyon. Seepage from the Chama

Canyon walls at locations up to 5 miles above the confluence of

Willow Creek and the Chama River h~d been reported earlier than

the September 11, 1980, inspection. At that inspection the

closest spring was found about 1/2 mile from the confluence.

Erosion in this area indicated that the spring had been in

existence for some time. It was considered by the evaluation team

that the quantity of seepage was probably only slightly influenced

by Heron Reservoir.

This information indicates that the grout curtain

extensions on both abutments were carried a sufficient distance

and to a sufficient,depth to prevent a short circuit through the

abutments. It is not known if the seepage would have been any

greater if the grouting extensions had not been constructed.

(d) Piezometric pressures - dam. It is reported that

only the foundation piezometers have repeatable readings. A plot

of the readings for May 6, 1981, are shown on figure 8. The

scaled reading for the reservoir water surface for that day was

El. 7,172 feet. As no tailwater was shown on the computer

79



Distance Reading
Tip El. Station from grout 5-6-81 Head Percent
No. Ft. (Darn) curtain (Scaled) Ft. Net Head

1 6,900 14+00 155'U/S 6985 55 22.7
2 6,900 14+71 155'U/S 6968 38 15.7
3 6,900 14+50 125'D/S 7053 123 50.8
4 6,900 15+31 121'D/S 6971 41 16.9
5 6,900 15+25 277'D/S 6962 32 13.2
6 6,900 15+75 421'D/S 6947 17 7.0
7 6,900 16+25 574'D/S 6938 8 3.3
8 6,927.6 14+72 75'U/S 7044 114 47.1
9 6,923.1 14+72 25'D/S 6948 18 7.4

As shown in the plot and in the tab~lation the highest

printout, the net head is assumed to be from the rock foundation

level El. 6,930 - a net head of 242 feet. Foundation piezometers

are at two levels: Piezometers 8 and 9 are only slightly recessed

below the rock surface; whereas, piezometers I, 2, 3, 4, 5, 6 and

7 have their tips at El. 6,900, where they were placed in 4-1/2-

inch-diameter drill holes from 25 to 30 feet below the rock

surface. Piezometers I, 2, and 8 are located upstream of the

grout curtain and the remaining piezometers are located downstream

of the grout curtain.

The following tabulation is presented for the foundation

piezometers:

piezometric level was recorded in piezometer 3 which is 125 feet

downstream of the curtain. The next highest level was recorded in

piezometer 8, which is 75 feet upstream of the curtain. Piezom-

eter 8 has a 47.1 percent net head. Piezometer tips in rock rep-

resent point readings that may be heavily influenced by the joints

intersected by the sensing zone; hence, large variations in the

piezometric levels should be expected even for nearby piezometers.
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The most obvious drop across the grout curtain occurs in

the 96-foot drop in piezometer levels between the two near-surface

piezometers (8 and 9). This reduction may be due to the grout cap

more than to the grout curtain, or it may be due to the variations

of water pressures in the fractures intersected.

The general trend of the deep piezometers is a gradual

reduction in piezometric level from upstream to downstream with no

particular drop at the grout curtain, which is what should be

expected in the relatively tight rock found in the valley bottom.

It is concluded that there is insufficient data to prove

or disprove whether the grout curtain has any effect on the piezo-

metric levels in the foundation rock.
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VI. RECOMMENDATIONS

28. Heron Dam and Dike.

(1)

(2)

Check accuracy of dam foundation piezometers.

Watch for seepage alongside spillway when reservoir

level is at spillway crest level, and check for settlement of dike

embankment overlying foundation area damaged by blasting.

29. Other earth dams.

(1) Extend exploratory drilling below planned depth of

grout curtain or to known depths of "tight" formations such as

shale.

(2) In designing depth of grout curtains for long low

embankments, consider all factors including geologic conditions,

hydraulic heads, topographic features, length of seepage path,

etc. Be prepared to adjust depth during construction if no takes

are found in the deeper stages of the curtain.

(3) Provide more detailed specifications on the minimum

size of grouting tubes, capacity of grout plant and grout pumps.

Where packers are to be used specify a minimum size hole

equivalent to an AX size (1-7/8 inches) to permit use of a

3/4-inch grouting tube. Specify time for water-pressure tests.

(4) Use results of water-pressure tests as a guide in

selecting initial grout mixes. Thicken grout if the rate of take

increases and if the pressure decreases. Where vacuum conditions

exist in a hole, increase pumping rate and thicken grout to

develop a back pressure.

(5) Compute safe maximum pressures for different

sections of the grout line and for the various packer settings
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based on effective weight of the rock and the rock strength

available to resist uplift and/or sliding. The safe pressures

should be based on the point of application and not the collar as

the effective weight of grout in the line to the packer must also

bbe considered in computing the uplift and/or thrust. The

specifications should clearly state that the maximum permissible

pressures are at the point of application. The maximum

permissible pressures at the collar would be less than at the

packer.

(6) Where large quanti ties of thin grout are being

injected in a hole, the condition should be evaluated by the

geologist and engineer to determine if the spread of the grout is

excessive and to determine if other procedures should be used to

stop the spread. Exploratory holes should be used to determine

the flow path of the grout and to determine if the grout curtain

is tight.

(7) Where relief joints exist on abutments, considera-

tion should be given to installing rock anchors before grouting

starts; otherwise, the build up of hyrostatic pressure from

freshly placed grout may be sufficient to displace a large block

of rock even if minimal injection pressures are used.

84

.. ,



APPENDIX



..



APPENDIX A

UNITED STArES
DEPART}ffiNTOF TIiE INTERIOR

BUREAU OF RECLAMATION

FINAL REPORT
ON

FOUNDATION AND OUTLET WORKS GROUTING
HERON DAMAND DIKE

SPECIFICATIONS NO. DC-6558

SAN JUAN-CHAMA r1<UJECT
COLORADO-NEWr~XICO

Constructed
1967-1971

,
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FOUNDATION GROUTING, DRILLING, AND DRAINAGE

Introduction

Heron Dam, located in northern New Mexico, is an earthfi11 structure

275 feet high with a crest length of 1,220 feet. The dam was con-
structed across a canyon formed by Willow Creek, near its confluence

with the Chama River. The foundation rock consists of Dakota sand-

stone interlaced with shale strata (Figure No.3) in the abutments,

with the Morrison formation outcropping in the foundation bottom.

Heron Dike is an earthfill structure, 94 feet high with a crest length

of 2,405 feet and is located 1 mile northwest of Heron Dam. The

foundation rock for Heron Dike consists of Dakota sandstone. and the

Graneros, Greenhorn, and Carlile members of the Mancos shale.

The foundation rock was drilled and pressure-grouted in the following
areas:

(a)

(b)

The foundation beneath Heron Dam and Dike embankments.

Approximately 1,000 feet both to the left and to the right

of the abutments of Heron Dam to make a continuous curtain

with the dam curtain.

(c) The formation surrounding the outlet works intake structure,
tunnel, gate chamber, adit to gate chamber, and access

shaft.

Backfill grouting of the spaces between rock surfaces and the con-

crete lining of the tunnel and the shaft was performed by the same sub-

contractor.

Foundation drainage was provided for the outlet works tunnel down-

stream of the gate chamber by drilling EX (l~-inch) diameter holes

on each side of the tunnel on 20-foot centers for a distance of 600

feet.

All of the drilling and grouting was performed by Keltner Drilling
Company, Tulsa, Oklahoma, and Layne-Texas Company, Houston, Texas,

a joint venture, subcontractors under Universal Constructors, Inc.,

of Albuquerque, New Mexico.

Drilling and grouting activities were begun April 1968 at Heron

Dike and continued until August 31, 1970, with the completion of the
1,000 fo~ extended curtain on the right abutment of Heron Dam.

Drawing Nos. 465-D-372, -374, -426, -427, -428, -429, and -430 show
the general plan of the foundation grouting for Heron Dam and Dike.

Drilling and Grouting Equipment

Most of the drilling, including grout holes and drainage holes,

was performed with Chicago Pneumatic No. 65 drills (Photograph No.
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P465-528-1720NA). Some grout hole drilling in the foundation of

H~ron Dam and on both 1,000 foot extended curtains was performed
with Reich Model C-350 drills (Photograph No. P465-528-2632NA).
Portable grout plants were set up at various locations for dif-

ferent phases of the work. Initially the subcontractor used Moyno

Model 3L6 grout pumps, exclusively. During October and November

1969, Golden Drilling Company from Golden, Colorado, performed

some drilling and grouting for Keltner Drilling Company and Layne-

Texas Company on the left abutment. Moyno Model 3L8 grout pumps

were used by Golden Drilling Company and were found to be more

efficient than the smaller Model 3L6. In March 1970, Layne-

Texas Company purchased one Moyno Model 3L8 and one Moyno Model

3L10 grout pump. Before the completion of the job, these two
pumps had pumped approximately 25,000 sacks of cement each, with

only minor repairs and there seemed to be no significant loss in

efficiency. The Model 3L6 grout pumps were used for pumping approxi-

mately 115,000 sacks of cement and required approximately 24 stator

replacements during the job.

Three Moyno grout pumps and the Chicago Pneumatic No. 65 drills were

powered by air motors. The compressed air was supplied by two or

three portable and one stationary 600 c.f.m. air compressors. One

grout plant was powered by a twelve-horsepower electric motor with

air motor agitators and the remaining grout plant was operated by

hydraulic motors. (Photograph Nos. P465-528-1719NA, -2226NA, and
-2633NA).

Grout plants consisted of a mixing tub and an agitator tub in C
series with the agitator tub supplying the pump. . Tub capacities
ranged from 13-cubic feet to 28-cubic feet. All plants were equipped

with water meters. Grouting was performed through a pressure gauge
equipped header (Photograph No. P465-528-1722NA) using l~-inch

diameter circulating lines and 3/4-inch diameter standard black iron

grout pipe with pneumatic or leather-cup packers.

Following is a list of the major equipment used on grouting operations:

4
2
1
1
1
1
1
5

Chicago Pneumatic Model No. 65 Drills
Reich (Chicago Pneumatic) Model C-350 Track Drills
Jaeger 600 Air Compressor, Portable (Diesel)
Gardner-Denver 600 Air Compressor, Portable (Diesel)
Joy 600 Air Compressor, Stationary (Electric)
Gardner-Denver 6 x 4 x 6 Water Pump (Air)
Gaso 4~ x 6 Water Pump (Electric)
Grout plants double tub w/3 each Model 3L6, 1 each Model 3L8,
and 1 each Model 3110 Moyno Grout Pumps

1 .2,000 Watt Light Plant (Kohler)
1 4,000 Watt Light Plant (Onan)
2 Dodge ~-ton Pickups
1 Chevrolet ~-ton Pickup
2 Dodge 4 x 4-3/4-ton Pickups
1 Chevrolet l\-ton flatbed Truck
1 Ford - FlOOO Model No. 477 Tractor w/30-foot trailer
1 Hobart 200 amp Welder (gasoline engine)
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P465-523-l72ONA Heron Dam and Relocation of State Highway No. 95--58n Juan-Chama Project--
Colorado-New Mexico Crew drilling the grout curtain hole on the dike foundation at Station
33+20. The hole is being drilled with a Mouel CP 65 rotary drill equipped with a diamond

bit.
Specifications No.

4-17-'8 Jureau of

DC-6558 Keltner Drilling C08P"Y, Inc., 8ubcontractor
B.ec:laDl8t1onPhoto bl D. )'~.pi"i
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P4G5-523-2632NA Heron Dam anciRelocation of "tate Highway No. 95--~an Juan-Chama Project--
Celorado-New Mexico /, Re:'.cl1Track Dr:i.l1, MOll~l C-J50, is drilling a hole at stat:Lon3+9C
on the 1000 foot ext2nuell curtaj.n in the right Ilbutment of Heron l>am.
~p2c~ficatio"s No. vC-L55G Universal ~onstrucLoL3, Inc., Layne Texas Company, subcontractor
C-IJ-7C Bureau or Reclaa:ation Photo DY D. M~mLng
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P465-528-l7l9NA Heron Dam & Relocation ~tate Highway No. 95--5an Juan-Chama Project--

Colorado-New Mexico View of grout plant manufactured by Damco Manufacturing Company,
Dalt~s,Texas. Plant is powered by Internat~onal Harvester engine which drives a hyaraulic
pump, mixer, tub, agitator tub and Moyno pump ar~ driven by Hydraulic motors.

Specifications No. DC-6558 Sub-contractors K~ltners Drilling Company

4-17-68 Bureau of Reclamation Photo by D. Mann~ng
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P465-528-2226NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico View of grout
plant used at Heron Dam. Grout pump is a Mo~~l 3L6 Moyno powered by a 2-cylinder wisconsin

engine. A four speed pickup transmission ~s mounted between the engine and the pump for
variable speeds. The Wisconsin engine was latter ~iscarded and a 12 HP electric motor

was installed. '

Spec~ficationsNo. DC-6558 Keltner Drill~ng Company, sub-contractor
..-2l~-69 Bureau of :lec1amatioD Photo by D. ~('nning
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P465-528-2633NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico View of shop con-
structed grout plant used at Heron Dam. Plant has two agitator tubs and one mixing tub.

Grout is mixed by the small centrifigal pump locate~ to the right of plant. Grout pumps

ar2 Mayno Model 3L8 and 3LlO powered by Hffi1Ingersol Rand air motors 9~ h.p. capacity.
Mayno pumps are manufactured by Robbins an~ Meyers, Inc., Springfield, Ohio.

S?ecifications No. DC-6558 Layne Texas Company, cub-contractor
t-19-70 Bureau of aecl...tion Photo by D. K~nn~ng
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Grouting Criteria

Grout"holes were drilled to their full prescribed depth before any

grouting was done unless the drill water was lost during drilling.

In this event the stage where the loss occurred was grouted and

then drilling was resumed and continued until the required depth

was reached.

Upon completion of the drilling of a hole, a packer was inserted

and the hole was water-tested in stages, with each stage being

grouted if needed. Stages were set at 30-foot increments below

the 100-foot depth of the hole and at 20-foot increments above the

100-foot d~pth.

Grouting of a stage was required if the water acceptance at the

required pressure for grouting was greater than 2 cubic feet in

5 minutes. Initially, a criteria of 1 cubic foot in 5 minutes was
used, but experience showed that grout would be refused, so the

water acceptance volume was increased.

Grouting was terminated when the grout take was less than 1 cubic

foot of grout mixture in the times and at the pressures shown below:

10 minutes at 50 psi or less

7~ minutes between 50 psi and 100 psi
5 minutes at pressures greater than 100 psi

Grouting was also terminated if less than 2 sacks of cement per

hour were being injected for a period of two consecutive hours when
pumping was continuous. These deviations from the specification re-
quirements were allowed due to the thin grout mixes that were being

.used.

Drilling Methods

Drilling was accomplished with Chicago Pneumatic No. 65 drills

mounted on a 4-inch diameter pipe and equipped with clamps de-

signed to clamp onto a 2-inch or 3-inch diameter pipe nipple

~Photograph No. P465-528-22l4NA), and Reich (Chicago-Pneumatic)

Model C-350 crawler mounted drills. The Reich drills were an all
hydraulic drilling unit with a top drive rotary head. Diamond plug

bits and drag bits were generally used for drilling the sandstone

and shale members, respectively, (Photograph Nos. P465-528-l85lNA,

-1852NA, -2627NA, and -2628NA).

No difficulties were experienced when drilling EX holes with the

Chicago-Pneumat"ic No. 65 drills during drilling operations of the

dike, tunnels, and access shaft. AX (1 7/8-inch diameter) holes

on the upstream curtain, intermediate curtain, and the 5- and 10-

foot pattern closure holes on the main curtain on the dam abut-

ments were also drilled with comparative ease. This was probably

due to the fact that grouting the primary holes on the main cur-

tain had stabilized the rock and facilitated secondary drilling

to some extent.
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P465-528-2214MA Outlet Works TUnnel-Heron Dam--San Juan-Cha.. Project--Colorado-New Mexico
Mike Figarelle, an e.ployee of &eltner Drilling Company drills a grout hole with a Chicago

Pneumatic No. 65 drill in Heron Da. Outlet Works Tunnel.
Specifications 110. DC-65S8 hltD8r Drilling Company, sub-contractor
5-14-69 Bur.au of Iacla8atlon Photo bJ D. MaDD1.
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P465-528-1a~1" leroD Da. . &81ocatioD of ~tate Highway No. 95--5an Juan-Chama Project--
Colorado-New Mexico Vertieal view of EX size cirillbits being used by Keltner Drillins
Company on Heron Dike. From left to right: No.1: New Fishtail type bit w/three water
ways. No.2: Used Fishtail type bit wi one water way. No.3: Used Fishtail type bit

wi three water ways. No.4: New Christensen diamond bit wi one water way, 11.35 carats.
No.5: Used Christensen diamond bit w/one water way, approximately 300 lineal feet of
~rilling. No.6: Used Chri.tensen diamonc b~: w/one water way, approximately 600 lineal

feet of drilling. No.7: Al80st new ChrisLensen diamond bit w/six water ways, 7.64 eara~s.

No.8 and 9: Used Christensen diamond bits '.-I/s'i.x water ways. Drilleci footage unknown.
Sp~cifications No. DC-6658 ~niversal Constructors Inc. sub-contracto~s Keltner Drilling
Company

7-1'-68 Bureay N &8claMtiOD Pboto by D. KaJm~Q&
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P465-52B-2627NAHeron Dam--~an Juan-Chama rroject--Colorado-New Mexico Drill bits use~

by Layne Texas on Heron lJam. (1) A;\.bit (Chr:_st~nGen #A5506) - DrUled 2,833 I..F. "M"
Gra6e diamonds 5 stones per cara t. (2) l.Xb::.t (Christensen ffC2285) "A.1 Gra~ediamom:s
5 stones per carat. Diamond wt 26.36 cara>s-. (3) AX bit (Christensen,;;~4520) ''H''
Gra:~e diamoncs. B stones per carat. (Lf) AX i~esmer ':"hell B Grade ciamonds. 15 stones
p3r carat. Diamond wt 5.50 carats. (5) EX to AX hole opener bit \,,::'th pilot. (6) AX
b:.t outer e.lge ~hoveG off after drilling st3el. (7) AX bit small crystals of pyr:i.te
were found in water ways which caused cen~er of bit to be cor~d out.
S~ecif~cations No. DC-6558 Layne Texas Com?£ny, sub-contractor
::)-19-70 Bureau of r..eclamation Phoi:o by JJ. Hunn:'°K

.....
C>
.....

iJ.'1
.
'~'':-'J...''!I

.>l~~..' ~.~
.

~'-" Q~.

.

"

""".'.
j>- ... ";t

;~,~~.
\/~~iI

'-

3 b 7



I

-

.......

a
N

I
l 3 4- 3 b

P465-528-2628NA Heron Dam--San Juan-Chama ?roj~ct--Colorado-New Mexico
by Layne Texas on Heron Dam. (1) thru (3) Tyr~cal used AX diamond bits.

used AX :teamerShell. (5) Typical used ~.X l:,i;: with reamer shell. (6)
Grag bit. (7) Used AX three-way drag bit.

Specifications No. DC-6558 Layne Texas Company, ~ub-eontr8ctor

8-19-10 lur~au of Reclamation Pboto by D. Manning

7

Drill bits used
(4) Typical

New AX three-way
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When drilling was initiated on the 1,000-foot extended curtain

on the right abutment in July 196B, the subcontractor experienced

severe difficulties using Chicago-Pneumatic No. 65 drills. It

was his contention that the formation in the dam area was quite
different from that in the dike area, inasmuch as thick sections

of sandstone and shale with sandstone stringers located through-

out the shale areas were encountered. These conditions sup-
posedly caused excessive vibration of the drill rods and crawling

of the drill bit during penetration. These factors were re-
sponsible for the slower rate of penetration and for difficulties

encountered in setting leather cup packers.

The subcontractor brought the Reich Model C-350 drill, described

earlier, to the jobsite in an effort to overcome these difficul-

ties.

The Reich drill enabled the subcontractor to drill a 2~-inch
diameter hole using AW (1 3/4-inch diameter) drill rod to give

more hole clearance for the use of pneumatic packers. However,

severe difficulties were encountered in drilling with drag-type

bits in the second and fourth sandstone members of the Dakota

Sandstone, each of which was approximately 20 feet thick (Figure

No.3). The Reich drill was not equipped to drill with diamond

bits, so two to three 8-hour shifts were required to drill a

single hard sandstone member with drag bits. The remaining sec-

tions of Dakota Sandstone could be drilled with relative ease.

During the latter stages of the job the Reich drills were modified

to use AX (1 7lB-inch diameter) diamond bits and drilling progress
improved substantially.

From Station 13+43 to Station 15+61 in the dam foundation all holes
were drilled with the Reich Model C-350 drill using the 2~-inch

diameter drag bits. The Morrison formation in this area could be

-drilled with relative ease and drilling rates of 60 feet per hour
were common.

Drilling on the abutment slopes was accomplished with Chicago-

Pneumatic No. 65 drills primarily drilling AX (1 7lB-inch diameter)

holes. Some EX (l~-inch diameter) holes were drilled at several

locations; however, the difficulties encountered in setting

leather cup packers made the drilling of AX holes and the use of
pneumatic packers mandatory. Penetration rates, especially for the

primary curtain holes, were usually quite low due to excessive

vibration which was mainly due to inexperienced drillers, faulty or

inadequal£:' equipment such as crooked drill rods, low water pressure,

and low air pressure.

Drilling on the 1,000-foot extended curtain on the left abutment

was performed with both the Chicago-Pneumatic and Reich drills.
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With the exception of constantly plugging bits, no appreciable dif-

ficulties were encountered. The contractor brought a high press~re ~-
inch by 6-inch duplex piston type (Caso) water pump which was capable
of supplying water at 350 psi to the jobsite in March 1970. However,

the 2-inch diameter water line laid to supply water for 2 to 4

drills was inadequate.
.

When drilling and grouting operations were re-initiated on the

1,000 foot extended curtain on the right abutment in July 1970,

AX holes were drilled using both the Reich and Chicago Pneumatic

No. 65 drills. No difficulties were encountered. The contractor
inatalled a 4-inch diameter water line in conjunction with the high

pressure water pump. This supplied a constant volume of water at

constant pressure to each drill. The overall drilling rate achieved

was 11.7 feet per actual drilling hour which was considerably better

than the rate for other areas of the dam. A more significant fact

was that for the 12,429 feet of drilling performed during this

period, no drilling tools were lost, only one packer with 100 feet

of packer pipe was lost, and only six rubber packer elements were
ruptured.

The magnitude of drilling difficulties may be summarized in the

following general order:

.~ 3.

Packers

1. Contractor's operations (manegement) -- such as an in-
adequate water supply on numerous occasions resulting in

insufficient water pressure for drilling from April 1968

to July 1970; use of inexperienced drillers; lack of

proper drilling and fishing equipment from April 1968

to September 1969; insufficient supply of compressed air

on numerous occasions; and use of inexperienced super-

visory personnel from April 1968 'to September 1969.

2~ Delays caused by mechanical breakdowns of drilling equip-
ment and air compressors.

Formation of rock being drilled -- the sandstone-shale

layers in some areas made drilling difficult and re-

quired more experienced drillers and specialized equip-

ment than was made available.

4. Weather conditions -- the slow rate of progress during the

normal construction seasons made it necessary to work

through the winter months when winter weather hampered

all operations.

During grouting of the dike, leather-cup packers w9rked very satis-

factorily in EX (l~~inch diameter) drill holes and were used

exclusively. However, when drilling was initiated on the 1,000

foot extended curtain on the right abutment in August 1968, con-

siderable difficulty was encountered in setting the leather packers.
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The subcontractor then started drilling 2~-inch diameter holes so

that BX (2 3/8-inch diameter) pneumatic packers (Photograph No.

P465-528-2634NA) could be used. The packers we~e inflated through

l/8-inch rubb~r hose with compressed nitrogen (Photograph No. P465-

528-2629NA) so the la~ger hole was needed to provide space for both

the nitrogen supply line and the grout supply pipe. Difficulty was

experien~ed by the subcontractor in supplying sufficient nitrogen

pressure to the packer without rupturing the packer element and

still preventing grout leakage around the packer. It was necessary

to apply enough pressure to the packer to overcome the combination

of the static head of the grout column, the proposed pumping pres-

sure, and the 50 psi required to expand the packer against the side

walls of the grout hole. Unless sufficient nitrogen pressure was
supplied to a packer, grout would leak past when the grout pressure

reached its maximum psi which was maximum pumping pressure' plus the

static head of the grout column. Initially, packer elements con-

structed of rubber of sufficient strength to withstand the required

pressures could not be obtained by the subcontractor. Packer ele-

ments manufactured by the Apollo Rubber Company, 920 W. Skeely Drive,

Tulsa, Oklahoma, constructed from a polyvibrathane material, which
was much tougher and more resilient than rubber compounds normally

used, were then purchased by the subcontractor. These elements

proved very satisfactory at first, but the supplier of the poly-

. vibrathane units became careless in manufacturing the elements so
their use was suspended in July 1969. The polyvibrathsne material

was capable of withstanding pressures as high as 750 psi in areas

of competent rock and was very satisfactory if the elements were
adequately constructed.

Due to the contractor's difficulty with packers, the grout pressures

used were lowered from a maximum of 240 psi to a maximum of 200 psi

in Octobe~ 1968. This maximum was subsequently lowered to 150 psi

in February 1969, to enable the contractor to adequately set packers

in the holes deeper than 150 feet when difficulties continued to be

encountered with a 200 psi maximum grouting pressure.

Packer elements constructed of rubber were purchased from several

manufacturers and tried. An element manufactured by Lynes, Inc.,

7042 Long Drive, P.O. Box 12486, Houston, Texas, was found to be

satisfactory. Rubber elements of different hardness were tested

and it was found that rubber of durometer hardness of 50 was the

most satisfactory.

Commercial pneumatic packer frames'manufactured by the Damco Manu-

facturing Company, Dallas, Texas, were used exclusively by th~ sub-

contractor from August 1968 to October 1969 (Photograph No. P465-

528-2639NA). The disadvantage of these packers was that the AX (2"
diameter', pcHker had only a 3/8-inch diameter opening through the
peck£-r. Tt\1& sma11 opening' ~('vu'~ly c.hoked flow through the packer.
A test run was made to demonstrate to the subcontractor how the small

3/8-inch pipe through the packer restricted the flow of water at
diffelent pnBf,UreS. For instance, total volume was restricted to

11.2 cubic feet in 5 minutes with 88 psi water pressure.

---
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P465-528-2634NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico View of BX
packer, 1/2" I.D. used on Heron Dam. Packer1.s manufactured by Dameo Manufacturing

ua1las, Texas. Packer ~1ement is constructe~ of poly vibrathane material.

Specifications No. DC-6558 Layne Texas Company. sub-contractor

a-19-10 Bureau of Reclamation Photo by D. Mannina
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Dam--San Juan-Chama Project--Colorado-New Mexico View of pneumatic
feet of 1/48/I..D.rubber hose, compressed nitrogen bottle, regulator

P465-528-2629NA Heron
?acker with 300 lineal
an~ pressure gauges.
Specifications No. DC-6558 Layne Texas Comp£ny, ~ub-contractor
0-19-70 Bur.au of ~ec18aation Photo by D. K.nn~ns
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P46S-528-2639NA Heron Dam--San Juan-Chama Project--Colorado-NewMexico Packers used by
Layne Texas Company on Heron Dam. (1) AX Lea ther cup packer 1" I.D. (2) AX Shop con-
structed pneumatic packer 3/4" I.D. (3) 1.;:::;t.opconstructed pneumatic packer w/o rubber
element 3/4" I.D. (4) AX Pneumatic (Damco) packer 3/fJ it I.D. (5) Same 8S No.4. (6)
f.X Squeeze packer 1/2" I.D. (7) EX Leather cup ;)acker 1/2" I.D. (8) Ex Leather cup
packer 3/4" I.D.

~pecificationa No.

~-19-70 i~eau of

DC-6558 Layne Texas Company. sub-contractor

iecl...tioD Photo by u. Ma..n~r~



After October 1969, the subcontractor used shop-constructed packer

frames almost exclusively (Photograph No. P465-528-2639NA). The

length of the packers varied from 1'0" to 2'6". The l' 0" packers

proved more satisfactory than the longer p~ckers.

Most of the difficulties encountered with the packers were the re-

sult of faulty construction. On several occasions the small pipe

inflating the packer was not properly cleaned when the packer was

being assembled, which resulted in the packer not inflating or

not deflating thereby making it impossible to remove it from the

hole. Careless clamping of the rubber element to the 3/4-inch pipe

was responsible for leaks causing the packers to deflate while in

the hole.

Excellent results were achieved with the shop-constructed packer

when there were no mechanical defects in the packer.

Cement

Cement used for grouting was Type II, low alkali, in accordance

with Federal Specifications SS-C-l92g, and was manufactured by the

Ideal Cement Company, Tijeras, ~ew Mexico. The cement was usually
'brought directly to the point of use with semi-truck and trailer

assemblies hauling 652 sacks per load.

Grout Cap

A grout cap for the main grout curtains was constructed in the founda-
tion rock of the dike and in the foundation rock of the dam. The
grout cap trench was excavated by blasting methods through the sand-

stone and shale members and backfilled with concrete. Some dif-

fi1::ulties were encountered in excavation of the trench in the dam

between Stations 12+00 and 13+40 on the right abutment and between

Stations 15+70 and 17+00 on the left abutment. On the steep slop-

ing abutments, blasting caused extensive fracturing and overbreak

in the downslope wall of the grout cap trench.

Grout Pipe Nipples

The grout pipe nipples used were standard black pipe meeting the
requirements of Federal Specifications WW-P-406. The pipe was em-
bedded directly in concrete on la-foot centers in the grout cap.

In the outlet works tunnel and access shaft, the grout. nipples
were set in an alternating pattern on 20-foot centers. Grout

nipples required for 5-foot closure holes on the primary curtain

and for the upstream curtains were set in grout in percussion-

drilled holes. They proved stable if care was used during

installation.

Steel casing was set in the Mancos Shale below relocated Highway

No. 95 for the 1,OOO-foot extended curtain on the left abutment.
Four inch diameter holes were drilled with a Reich Model C-350

drill using a 4-inch diameter tri-cone roller rock bit. It was
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necessary to implant the casing about 15 feet deep for each hole
as caving ~as quite prevalent at shallow depths. The casing was
set .by filling the hole with a heavy grout and forcing the casing
into the hole.

On the right abutment extended curtain, pipe nipples set in grout

in holes drilled in the rock were used.

The grout pipe nipples were set at 22 degrees from vertical in the

dike foundation, and 24 degrees from vertical in the dam founda-

tion and the 1,000-foot extended curtains.

OUTLET WORKS ruNNET. AND ACCESS SHAFT

Backfill Grouting

Backfill grouting in the outlet works tunnel was performed during

February through May 1969. Pipes for the grout and vent holes

were placed at high points in the excavated tunnel arch and ex-

tended to the form prior to the placement of concrete. After the

tunnel lining had been placed the holes were drilled into rock with

a jackhammer and water tested as visual inspection showed many of
the holes to be tight. Testing was done with water measured

through a water meter. One-half cubic foot of water was injected

into those holes that accepted water. AboUb 50 percent of the
holes were found to be tight.

With exception of the intake structure area, all backfill grout for

the tunnel was mixed near the top of the access shaft and pumped

to another pump located near the area being backfill-grouted.

During backfill grouting of the intake structure area the grout
pump was located just outside the portal area. A total of 3,752
sacks of cement in a 1:1 water-cement ratio by volume grout was
pumped to backfill behind the concrete in the tunnel, gate chamber,

adit to the gate chamber, and intake structure area.

Backfill grouting of the access shaft was performed between eleva-

tion 6,985 and elevation 7,173. Liner plate had been installed

throughout the shaft. The liner plate was backfilled with concrete

between elevation 6,985 and elevation 7,105 by cutting enough holes

in the liner plate prior to concrete placement to allow concrete to

fill most voids. Grout takes in this section were small and oc-

curred in areas of fallout. The liner plate in the reach between

elevation 7,105 and 7,173 had been backfilled with well graded

l~-inch maximum size aggregate. TIlis section was backfill-grouted
in a continuous operation by starting at elevation 7,105 and pump-
ing the .grout to the next higher set of pipe nipples, and then

moving up to that elevation and repeating the operation. The sets

of pipe nipples were set in increments of about 10 feet of eleva-

tion. The grout was pumped with an air motor-powered Moyno Pump

mounted on a moveable platform. The grout was mixed in a plant

located at the top of the shaft and then pumped to the lower pump.

A total of 1,086 sacks of cement in a 1:1 water-cement ratio by
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volume grout was used for all backfill grouting in the shaft. Head

phones were used for communication between the two grout plant

operators and the hoist operator. See Drawing No. 465-528-1830 for

. complete record on backfill grouting.

.~

Backfill grouting of the first stage stainless steel liner plate

between Station 10+15 and Station 10+65 was performed during May

1969. The grout mix injected behind the liner plate had a 1:1

water-cement ratio with 2 percent bentonite by weight of cement
added. From approximately Station 10+40 to Station lOT62 the

one-half inch diameter supply grout holes were tight, however,
there were voids under the one-fourth inch diameter vent holes

near the center of the liner plate adjacent to the one-half inch

diameter supply holes. These voids were grouted through the one-

fourth inch diameter vents by injecting grout at 25 psi and then

removing the hookup to bleed off the air. This procedure was

performed a number of times until no air would return through the

grout hole.

Backfill grouting of the second-stage steel liners between Station

9+84 and Station 10+15 was performed in February and March 1970.
The grouting procedures used were similar to those used for the

first-stage liners. It is recommended that vent and supply holes
be a minimum of ~-inch diameter as it is quite difficult to success-

fully inject grout through ~-inch diameter holes as was necessary

to complete the grouting of the steel liners. A total of 18 sacks

and 14 sacks of cement in grout with 2 percent bentonite by weight

added to the grout mix were injected into the first-stage and second-

stage liners, respectively.

I
:

j .

Tunnel and Intake Structure Pressure Grouting

Radial hole grouting in the outlet works tunnel was initiated in

March 1969, and continued through June 1969. Grout was mixed

near the top of the shaft and pumped to another pump located near
the hole being grouted in the outlet works tunnel. Head phones

were used between the two grout pump operators for communications.

Opposite holes on eighty-foot patterns were drilled and grouted

first, followed by the remaining two opposite holes to make closure

on each 8-foot pattern grout ring. The procedure was then per-

formed in 40-foot pattern grout rings followed by the 20-foot
pattern rings until final closure was achieved. Drawing Nos.

465-D-426, -427, -428, -429, and -430 illustrate the general lay-
out of the grout hole patterns. These patterns were ge~1erally

pursued except in the intake structure shaft where an extra ring

at elevation 6,981 was drilled and grouted to check a badly frac-
tured area and the holes at Stat ion 9+84 were deepened to check
the large grout takes at Station 10+04. Large grout takes oc-

curred in the gate chamber area and moderate takes occurred in

the intake structure area and in the invert between Station 6+05

and Station 9+25. Grout leaks were almost non-existent although

a grout travel of 200 feet was noted on two occasions.
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A pumping pressure of 100 psi was used in the gate chamber, adit

to the gate chamber, circular section of tunnel upstream of the

gate chamber, and the horseshoe tunnel downstream of the gate

chamber to Station 11+30. A pumping pressure of 50 psi was used
at springline and above and 30 psi below spring1ine downstream of

Station 11+30.

Pressures were lowered in the vicinity of the intake structure due

to the lack of adequate cover. Packers were not used for the tunnel
grouting with the exception of the gate chamber where 60-foot holes

were specified. Grout mixtures varied from a 6:1 to 2.5:1 water-

cement ratio by volume. The layout and grouting results are

shown on Drawing Nos. 465-528-1827, -18~8, -1829, and -1835. A

total of 9,450 sacks of cement in grout were injected into 4,027.5

lineal feet of drilled hole for an average take of 2.35 sacks. per

lineal foot of hole~

Access Shaft Pressure Grouting

Radial hole drilling was initiated in the access shaft in May 1969,

but no grouting was done as operations in the dam foundation re-

quired the use of all equipment at that location. Grouting in the

access shaft was started in March 1970. The holes drilled in May

1969 were thoroughly washed with a spray device constructed as
shown in Photograph No. P465-528-2506NA.' Grouting was performed
by pumping the grout from the top of the shaft to a header located

on a moveable platform located near the grout hole being grouted.
-

Head phones were used between the header man, hoist operator and
grout pump operator for communications. All four holes in a ring

pattern were drilled on 40-foot centers throughout the shaft.

These holes were grouted before the intervening pattern holes were

drilled. The west hole at elevation 7,125 and the northeast hole

at elevation 7,105 accepted 1,956 and 1,021 sacks, respectively.

Both of these holes leaked grout at the surface near the shaft and
up to 600 feet upstream from the shaft through two separate verti-

cal joints. These joints seemed to be continuous as grout leaks

occurred at intermittent distances on a straight line from the shaft.

Grout mixtures varied from a 6:1 to 1:1 water-cement ratio by vol-

ume. A maximum pumping pressure of 100 psi was used in the lower

part of the shaft. This pressure was reduced to 10 psi plus 1 psi

per foot of rock cover as grouting progressed toward the top of

the shaft. The layout and grouting results are shown on Drawing

No. 465-528-1832. A total of 3,582 sacks of cement in grout were
injected into 806.5 lineal feet of drilled hole for an average

take of 4.44 sacks per lineal foot of hole.

Pressure Grouting Concrete in Outlet Works

Pressure grouting of the contraction joints between the first and

second stage concrete in the outlet works gate chamber and intake
structure was performed in February and October 1970, respectively.

The grout was injected through a grout system installed previous

to concrete placement as shown on Drawing Nos. 465-D-427 and -429.
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P465-528-2506MA Heron Daa--San Juan-Chama Project--Colorado-Mew Mexico Wa.bins apparatu8
useQ to wa.h the bole. in tbe access shaft that were drilled in May and June 1969, .nd not
grouted until Marcb 1970.
Specificationa .0. DC-6.5S8 Layne Teu. COlipany. sub-contractor
3-13-70 Bureau of Iac188tion Photo by D. ManniDi
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All grout was injected into the lowest grout system and a grout re-

turn was received from all the remaining systems and vents. A total

of 124 sacks of cement grout was injec~ed into the grout system in

the gate chamber at 50 psi with 112 sacks of this in an 0.8:1 water-

cement ratio grout mix. The system had a holding pressure of 40 psi

at completion. The system was grouted using circulating grout lines.

with the grout pump located in the bottom of the access shaft at

Elevation 6,962. A total of 60 sacks of grout was injected into the -

two gro~t systems in the intake structure at 40 psi with 56 sacks of

this in an 0.8:1 water-cement ratio grout mix. The upstream system

and downstream system had holding pressures of 25 psi and 30 psi,

respectively. These systems were also grouted with circulating

grout lines. with the grout pump-located near the intake structure

inlet.

HERON DIKE

Blanket Grouting

Initially the need for a blanket grouting program in the dike area
was not anticipated. However. during the excavation of the spillway

open-cut through the Dakota Sandstone. joints and irregular cracks

in the area of the proposed gr~ut curtain were opened in the sand-
o stone adjacent to the open-cut (Photograph No. P465-528-l75lNA).
To stabilize the area two fan holes on each side of the open-cut as
shown on Drawing No. 465-528-1797 were drilled and grouted. Addi-

tional holes in a circular pattern intercepting the crack on the

right side of the spillway open-cut at approximately 8 feet below

the rock surface were also drilled and grouted. The joint on the

right side extended from Spillway Station 9+60 to Spillway Station

10+33 and was backfilled with a sanded grout and pipes were em-
bedded for vents (Drawing No. 465-528-1796). The grout holes

associated with the blanket grouting program consisted of 376 lineal

feet of drilling into which 1.647 sacks of eement grout were in-

jected for an average take of 4.38 sacks per lineal foot of drilled

hole. All grouting of the B-holes was performed using leather cup
packers in conjunction with 3/4-inch diameter black iron grout sup-

ply pipe. Grout m1xtures varied from a 8:1 to 1:1 water-cement

ratio by volume. Most of the grout was a 1:1 mix as grout leaks

on the walls of the spillway open-cut were extensive from 50 feet

upstream to 200 feet downstream of the grout curtain. In this

area, dry portland cement was placed in cracks where leaking oc-

curred and as the cement absorbed water leakage from the crack. a

propane torch was used to heat and set the dampened cement. The

Sandstone was much too shattered to enable the use of standard

caulking materials and methods.

Curtain Ho1E;~

Drill ing of the deep curtain holes in the dike was begun in April
1968 and completed in July 1968. Drawing No. 465-D-374 illus-
trates the gener.al layout of the grout hole pattern. This pattern
was generally followed with the exception of the area in the
Dakota Sandstone where grout takes occurred in the bottom stages
of holes drilled to the specified depth. The Dakota formation in
the dike area from the top down is comprised of 100 feet of re-
latively 60ft sandstone, 10 feet of shale, 20 feet of moderately
hard sandstone followed by an undetermined thickness of shale,
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P46S-S28-l75lNA Heron Dike--San Juan-Chama Project--Colorado-New Mexico View of relief
crac!~on the upstream side of the grout cap £t Dike station 33+55. The crack runs paral1~l
~o (he spillway open-cut and resulted from bla3L~ng for the spillway open-cut.
Specifications No. DC-6558 Universal Constructors, Inc.
.-24-68 ~ureau of Reclamation Photo by D. H.nn~ng



dipping 6 degrees in a westerly direction. Of the 4,536 total sacks

of cement injected into the curtain holes in the dike, 3,422 sacks

were injected into the 100- l40-foot stage which comprises the area

of the second sandstone member of the Dakota Sandstone. It is sur-

mised that the second sandstone was more susceptible to fracturing

because it was more brittle than the top sandstone at the time of

uplift of the North El Vado Dome and less susceptible to healing

as the top sandstone is exposed to weathering processes. The re-
maining 1,114 sacks were injected into the upper sandstone of the

Dakota Sandstone and the Mancos Shale. Grout leaks throughout the

curtain grouting were minimal. A few leaks occurred in the area

near the open-cut spillway and from bedding planes in the Green-

horn Member (limestone) of the Mancos Shale.

Grout mixtures used for the curtain grouting varied from a 10:1

to 1:1 water-cement ratio by volume with most of the grout pumped

being 8:1 water-cement ratio. Pressures of 10 to 15 psi at the

collar of the hole with increases of one psi per foot depth of
packer setting were used. All holes were drilled with a Chicago-

Pneumatic No. 65 drill, using EX (l~-inch diameter) diamond plug

and drag bits. Leather cup packers were used exclusively. The
layout and grouting results are.shown on Drawing Nos. 465-528-1797,

~1798, -1799, -1801, and -1802.

HERON DAM

Blanket Holes

Thirty-six blanket holes varying in depth from 5 to 40 feet were

drilled and grouted in the dam foundation area. Pipe for the

blanket holes was embedded in the grout ~ap concrete where con-

solidation of the surface rock was deemed necessary before curtain
grouting could be initiated. The pipe was embedded to intersect

cracks and joints at varying angles and directions. Considerable

difficulty was experienced in grouting these holes because of

excessive leakage at the surface. The grout traveled through the

cracks in the rock for considerable distances from the hole being

grouted.

All grouting of the" blanket holes was performed by hooking to
the grout pipe collar directly. Grout mixtures varied from a

5:1 to a 1:1 water-cement ratio, with most of the grout being

2: 1. PreStiUI"eS for the blanket hole grouting was limited to 10
psi at the collar of the hole. A total of 5,548 sacks of cement

grout was injected into 394 lineal feet of drilled hole for an

average takt" of 14.08 Elacks of cement per lineal foot of hole.

The layout an.d gr:outing results are shown on Drawing Nos.

465-528-1854 and -1855.

" Curtain H01~s in Foundation

Drilling of the first deep curtain cut-off hole for the founda-
tion was started in November 1968. Curtain hole drilling and

grouting was performed continually in conjunction with other
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drilling and grouting operations until the final hole was co~pleted
in June 1970.

Drawing No. 465-D-372 illustrates the general layout of the grout-
ing pattern used in the curtain grouting. This pattern was gen-

erally pI.iI'sL:£d,except that a "cri.ss-cross" grouting pattern

rather than tr.€ tr'aditi"nal fan was used in the foundation bottom

on the main curtain. Also, no third curtain, 20 feet downstream

of the primary curtain ad proposed in the specifications, was
constructed. l~e second curtain was stopped at elevation 7,095

on the left abutment and at elevation 7,150 on the right abutment.

The sec.ond curtain on the right abutment was extended above
elevation 7,125 when difficulty in closing 5-foot closure holes

above elevation 7,050 on the main curtain in that area was en-
countered.

'

Grout mixtures used for the curtain hole grouting varied from

12:1 to 1:1 water cement ratio by volume with most of the grout
pumped being 8:1 water-cement ratio. Pressures of 10 to 15 psi at

the collar and increased by 1 psi per foot of depth to the packer

setting, with a 150 psi maximum, were used. Exceptions to this

were between Stations 17+85 and 18+99 where three-fourths psi per

foot of depth to pac.ker setting was used on some holes.

Grout leaks during the curtain hole grouting program were extensive

between Station 10+00 and Station 11+50 on the right abutment. It

was not unusual to have sUI'face leaks through vertical joints,

when grout was being pumped in stages 80 to 100 feet in depth. A

dotted line from Station 9+72 to Station 12+35 on Drawing No.

465-528=1856 outlines a vertical cross section of an area where
all grout hol~s that accepted more than 1 sack per foot of drilling

leaked grout to the surface. Grout leaks were minimal in most

other areas. All surface leaks in the foundation bottom and on

the right abutment slope were confined to the cut-off trench area.

The grout leaks on the right abutment slope were more extensive,
but grout leaks on the left abutment occurred over greater dis-

tances ft'om the grout curtain. Three holes in the vicinity of
Station 17+60 leaked grout 300 to 400 feet downstream when pumping

stages 115 to 170 f£et deep. The hole at Station 18+12 leaked
grout 600 feet downstream above the outlet works tunnel from the

125- l47-foot stage and the hole at Station 17+82 leaked grout
600 feet upstream at the intake structure open-cut from a 22-foot
deep, water loss stage. Very few leaks were noted from hori-

~ontal bedding planes. Most of the leaks occurred from vertical

joints which is verified by the numerous surface leaks from deep
packers settings. Grout leaks were usually caulked utilizing dry

cement ~ wj'Jden we-dg..~, E'mpty CE,ment sacks, or burlap, tampHJ in
place with hammers and assorted types of c~i5els.

Most grout takEs apptared to be the result of vertical joints in I

the sandstone m€mber~. The vertical joints were usually normal to
the gI\)ut cUI'tain which allowed travel upstream and downstream
more readily than laterally. It is believed that this uniquity

made the numerous 5..foot centers closure holes on the main curtain
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8 necessIty. Some lateral travel was indicated since the average
take per linear foot decreas~d progressively with the closure holes.

A total of 180 holes on the main curtain, 93 holes on the second
curtain 20 feet upstream of the main curtain, and 38 holes 5 to 10
feet upstream of the main curtal[i were drilled and grouted. For

a complete breakdown of gI'out takes, see Figure No.2 on Page 39.

The grout curtains were designed for holes on 10-foot centers and

original pattern holes on the main curtain were drilled on 80-foot

centers. The holes for curtain No.2 were advanced on 40-foot

patterns up the slope, 80 feet behind the completed main curtain.

Holes 10 feet upstream of the main curtain were drilled and grouted

at locations where significant grout takes occurred in the second

curtain or in the 5~foot closure holes on the main curtain.

On April 28, 1970, while grouting the 20- to 40-foot stage in the

main curtain hole at Station 18+20 on the left abutment, a vertical

joint was opened. This joint opened approximately ~-inch 75 feet

upstream of the grout cap, l/8-inch at the grout cap, and 3/4-inch

80 feet downstream of the gr0ut cap where it terminated in a silt

and root filled crack. The joint crossed the grout cap at Station

18+38 in a direction sub-parallel to the contour of the. slope and
essentially parallel to the main set of steep joints which strike

N 25 E and dip 80° W (downslope). The joint was opened further on
May 10, 1970, while grouting the 20- to 40-foot stage in the hole

at Station 18+16 and again on May 18, 1970, while grouting the
0 to 10-foot stage in the hole at Station 18+32 (10' upstream),

Drawing No. 465-528-1866. Extreme precautions were used with

pressures and mixes on the last occasion. precision levels dis-
closed a maximum uplift of 0.13 feet at Station 17+89 with no up-

lift above Station 18+35, and 0.05 feet uplift below Station 17+66.

To prevent further movement, grouting operations were suspended

and 12 each I-inch diameter rock bolts 20 to 24 feet in length were
installed through the joint in the area near the grout cap as sho\o.'11

on Photograph No. P465-528-2593NA. Seven holes were drilled through
the joint and grouted after the rock bolts had been installed. No

further horizontal or vertical movement occurred after the rock

bolts had been installed and grouting of the seven holes completed.

The largest grout take for any single hole occurred in the main

curtain hole at Station 10+73 on the right abutment. A total. of

6,609 sacks of cement were injected throughout the hole in which

11 separate water lOS!:ies had occuI'red. Most of the grout takes,
in this hole <98 ip most othel' r..~.E::':; throughout the groutin~ pro-
gram, \-,:ere characttOti~t ically sl,\w. The neLessity of using thin
grout mixes prolonged some grout takes to as long as 12 days for

a single stage. High water to cement ratios WEre required because

mixes thicker than 6:1 water.-cement ratio by volume could normally
not be injected when the grout take was less than 12 to 15 sacks per
hour. Experimenting with thicker mixes was tried on numerous oc-
casions without sucess.
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. The layout and grouting results for the foundation grouting are
shown on Drawing Nos. 465-528-1847, -1848, -1849,-1852, -1853,
-1856, -1857, and -1866.

Curtain H~les in 1,000-foot Curtain Right Abutment

Drilling and grouting operations were initiated on the 1,000-foot

extended curtain on the right abutment of Heron Dam in July 1968,
and progressed intermittently until completion in August 1970

(Photograph No. P465-528-2631NA). Drawing No. 465-D-372 illustrates

the general layout of the grout hole pattern.

A total of 112 holes were drilled and grouted. These holes ac-
cepted 15,458 sacks of cement grout in 17,130 lineal feet of drilled

hole for an average take of 0.90 sack of cement per lineal foot of

d~illed hole. Grout mixtures used varied from 8:1 to 1:1 water~
cement ratio by volume with most of the grout pumped being 8:1

water-cement ratio. Pressures of 10 psi at the collar with in-

creases of one psi per foot of depth to packer setting were used.

Grout leaks were almost non-existent with the exception of the hole

at Station 3+00 (52' water loss) which. leaked grout from a con-

tinuous vertical joint striking north-south. The leak extended

from 50 feet south of the hole (downstream) to 300 feet north of

the hole (upstream).

The grout curtain was designed for holes on thirty-foot centers

and original pattern holes were drilled 120 feet apart. Several
pattern.s required holes on seven and one-half foot centers to at-

tain closure with practically all patterns requiring holes on fif-

teen foot centers to attain closure. Only thirteen water losses

occurred in the 17,130 feet driiled. The layout and grouting re-

sults for the 1,000 foot extended curtain on the right abutment are

shown on Drawing Nos. 465-528-1817, -1823, and -1856.

Curtain Holes in 1,00Q-foot Curtain Left Abutment

Drilling of the first hole on the 1,000-foot extended curtain on

the left abutment was started in April 1970, and drilling and
grouting operations continued until completion in July 1970

(Photograph No. P465-528-2566NA). Drawing No. 465-D-372 illus-

trates the general layout of the grout hole pattern. This pattern',

was generally followed except that between Station 18+29 and Sta-

tion 20+54 back, the curtain was constructed upstream of the access

shaft and gate chamber to give added protection to these facilities.

A totai of 127 holes were drilled and grouted. These holes accepted

42,686 sacks of cement grout in 18,885 lineal feet of drilled hole

for an average take of 2.26 sacks of cement per lineal foot of
drilled hole. Grout mixtures used yaried from 15:1 ~o 1:1 water-

cement ratio by volume with most of the grout pumped being 8:1

water-cement ratio. Pressures of 10 psi at the collar with in-
creases of one psi per foot of depth to packer setting with a

maximum of 150 psi were used.
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P465-528-2631NA Heron Dam--San Juan-Chama ProJect--Colorado-New Mexico Gen~ral view of
grouting operations on the 1,000 foot extende~ curtain on the right abutment at Heron ~am"
Viewing in an easterly direction from stat:'on 6+50.
Specification. No. DC-6558 Layne Texa. Company, sub-contractor
8-11~-70 ~ureau of Racl...UoQ Photo by D. Mann:".ng
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P465-528-2S66NA Heron 0 5an Juan-Cha.. ~rojact--Colorado-Mev Mexico
the 1.000 foot extended grout curtain on the lef~ abutment of Heron Da..
the foreground is located at station 26+25.
Specifications No. DC-6S58 Layne Texas COiapany. £ub-contractor
4-11-70 Jureau of Reclamation Photo by D. Manning
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Grout leaks occurred from several holes, however, little caulking

was required as the leaks usually occurred above elevation 7,190 and

in close vicinity to the hole being grouted. Water seeps were noted

above the second sandstone member of the Dakota Sandstone on the

service r~ad to the outlet works about 600 feet downstream from the
grout curtain. Water losses were quite common in the Mancos Shale

which rests on the Dakota Sandstone, however, grout takes were

usually small. Numerous grout mixes were tried varying from 3:1

to 15:1 water-cement ratio by volume. The thinner mixes were more

successful in sealing off these re-occurring water losses.

The largest grout take for a stage for all grouting on the dam or

dike occurred in the hole at Station 20+36. A total of 4,136 sacks

was injected into a partial water loss area 240 feet deep (eleva-

tion 6,960). The water loss occurred approximately 120 feet from

the access shaft and some slight grout returns were noted from

radial holes in the shaft at elevation 7,025 and elevation 7,045.

Other large takes occurred in the first member of the Dakota Sand-

stone immediately beneath the Dakota Sandstone-Mancos Shale con--.

tacts which is in direct contrast to the 1,000-foot extended cur-

tain on the right abutment. This is attributed to the fact that

the joints in the sandstone on the left abutment had been continu-
ously covered and not exposed to the weathering process, so had no

chance of being filled as did those in the other areas.

~j

The grout curtain was de~igned for holes on thirty foot centers and
original pattern holes were drilled 120 feet apart. Several pat-

terns required holes on 3.75-foot centers to attain closure with all
patterns requiring holes on fifteen foot centers to attain closure.

Approximately 105 water losses occurred in the 18;855 feet drilled

with the majority of the water losses occurring in the Mancos Shale

Formation. The layout and grouting results. for the 1,OOO-foot

extended curtain on the left abutment are shown on Drawing Nos.

465-528-1864 and -1865.

CIaims

The subcontractor for grouting, Layne-Texas Company, has filed a

claim through the prime contractor, Universal Constructors, Inc.,

for additional compensation because of alleged changed conditions

causing drilling to be more difficult and grout takes slower than

had been anticipated. Disposition of the claim will be covered in

the final construction report on Heron Dam.
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I-'N 41.
~41.

42.

43.

44.

45.

46.

47.

48.

24,717.5 1in. ft. 73,873.25
2,145.5 line ft.

17,340.0 line ft. 47,685.00

24,265.0 line ft. 66,728.75

18,558.0 line ft. 51,034.50

12,255.0 line ft. 33,701.25

6,821.0 line ft. 23,873.50

1,065.0 lin. ft. 12,780.00

14,514.5 lbs. 7,257.25

Item No.
9.

~o.

39.

40.

Figure No.1
Sheet 1 of 2

SUMMARY OF QUANTITIES AND EARNINGS

Nature of Work
Excavation for grout caps to 5 feet in depth

Excavation for grout caps between depths
of 5 and 8 feet

Drilling drainage holes in tunnel lining

Mobilization and demobilization for drilling
and grouting foundations

Drilling grout holes in stage between the
,

following depths:

0 and 30 feet (rock)
0 and 260 feet (redrill)

30 and 60 feet

60 and 110 feet

110 and 160 feet

160 and 210 feet

210 and 260 feet

Drilling and casing holes through over-
burden cn left abutment

Furnishing and placing pipe and fittings
for grouting foundations

Quantity
1,863, cu. yd.

Earnings
$ 16,767.00

40 cu. yd. 480.00

1,210 line ft. 6,050.00

100% 90,000.00

r-



51.

52.......
N
(.J1

64.

69.

-./'

I tern No.
49.

50.

~.) . ~

"

. .~ ~ . t<6

'

.

Sheet 2 of 2

Nature of Work
Hookups to grout holes and connections

Quantity
1,033 ea.

Pressure grouting foundations in
accordance with Paragraph 99.c. of
the specifications

(8) Grout take of 1.25 cubic feet per
linear foot of drilled hole 131,277 cu. ft.

(b) Grout take ~n excess of 1.25 cubic
feet per linear foot of drilled hole 28,749 cu. ft.

Furnishing and handling cement for
pressure grouting 40,228.5 bb1.

Pressure grouting concrete in outlet
works intake structure and gate chamber 100%

Cement for concrete and backfill grouting 3,180.5 bb1.

Concrete in grout caps 1,634.9 cu. yds.

Order for Changes No.3 - Rockbo1t8 264 lin. ft.

TOTAL GROUTING EARNINGS

Earnings
$15,495.00

262,554.00

28,749.00

261,485.25

20,000.00

20,673.25

57,221. 50

2,590.92

$1,098,999.42



3,261.5 29,704 9.11
2,705.5 15,205 5.62
5,649.5 14,024 2.48

10,264.0 7,948 0.77
9,349.0 5,303 0.57

31,229.5 72,184 2.31

3,908 1,913 0.49
3,440 1,037 0.30
2,764 910 0.33

160 0 0.00

10,272 3,860 0.38

4,220 488 0.12
394 5,548 14.08

46,115.5 82,080 1.78

HERON DIKE FOUNDATION

Original Holes (80' Centers) 3,651 1,783 0.49
First-Closure Holes (40' Centers) 3,439 983 0.29
Semi-Closure Holes (20' Centers) 4,797 1,023 0.21
Final-Closure Holes (10' Centers) 4,579 737 0.16
Additional-Closure Holes (5' Centers) 150 10 0.07

Dike Curtain Total 16,616 4,536 0.27

Fan Holes in Spillway Open Cut 148 553 3.74
Angle. Holes intercepting relief crack 160 779 4.87

Vent Holes located in relief crack 68 346 5.09

Total for Dike Foundation 16,992 6,214 0.37

Figure No.2
Sheet 1 of 2

SUMMARY OF HERON DAM AND DIKE PRESSURE GROUTING

HERON DAM FOUNDATION
Main Curtain

Original Holes (80' Centers)
First-Closure Holes (40' Centers)
Semi-Closure Holes (20' Centers)
Final-Closure Holes (10' Centers)
Additional-Closure Holes (5' Centers)

Main Curtain Total

Upstream Curtain (No.2)

Original Holes (40' Centers)
Semi-Cloture Holes (20' Centers)
Final-Closure Holes (10' Centers)
Additional-Closure Holes (5' Centers)

Upstream Curtain Total

Intermediate Closure Holes
between Curtains

Blanket Holes

Total for Dam Foundation

Final Quantities
Lin.Feet Cement Take ---
Drilled No. Sacks Sacks/Ft.
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C Final Quantities
Lin.Ft. Cement Take
Drilled No. Sacks Sacks 1Ft.

1000' EXTENDEDCURTAINS
Right Abutment

Original Holes (120' Centers) 2,306 6,489 2.81
First-Closure Holes (60' Centers) 2,080 3,441 1.65
Final-Closure Holes (30' Centers) 4,417 3,106 0.70
Additional-Closure Holes (15' Centers) 6,497 2,235 0.34
Additional-Closure Holes (7.5' Centers) 1. 830 187 0.10

Rt. Extended Curtain Total 17,130 15,458 0.90

Left Abutment

Original Holes (120' Centers) 2,409 19,468 8.08
First-Closure Holes (60' Centers) 2,139 7,791 3.64
Final-Closure Holes (30' Centers) 4,339 9,790 2.26
Additional-Closure Holes (15' Centers) 6,840 4,722 0.69
Additional-Closure Holes (7.5' Centers) 2,768 902 0.33
Additional-Closure Holes (3.75' Centers) 390 13 0.03

Lt. Extended Curtain Total 18,885 42,686 2.26

Access Shaft Radial Holes 806.5 3,582 4.44
Adit to Gate Chamber Radial Holes 70 0 0.00
Outlet Works Tunnel Radial Holes 3,957.5 9,450 2.39
Cement used for Backfilling Grout Holes 556
Drilling for Casing through Overburden 1,065.0

Figure No.2 sheet 2 of 2

Contract Total (Final) 105,021.5 160,026 1.52
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APPENDIX B

Extract from "Final Construction Geology Heport of Heron

Darn" prepared by Ken.."lethK. Cooper, Proj ect Geologi st

October 1970.

Grout Tak~s in Rplation to G~ology

Many grout takes in abutments at Heron Dam were related to steeply
dipping to vertical joints striking NS and parallel to steep slopes

of Willow Creek Canyon. These joints originated from stress release
resulting from down-cutting of Will(~ Creek Canyon. Most grout takes
were accompanied by high back pressures indicative of vertical joints.
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On grouting a hole at Station 3+00 on the 1000 foot extension of the

grout curtain in the right abutment, grout leaks occurred on the

surface from 30 feet south of the hole to 300 feet north of the hole

along a north - south line. Grout take including leakage was reported
at 1681 sacks of cement in this hole. A near-vertical stress relief

joint striking north - south was concluded responsible for this grout
take, grout leak and distance of travel. Surface trace of this joint

was not evident.

A similar situation was present in the left abutment. While grouting

a horizontal hole in the access shaft at elevation 7105 feet, grout

leaks occurred along a north - south line from 100 to 600 feet north
of the shaft. The grout take in this hole inc1udlng the leak was
reported at 1021 sacks of cement. Wnlle grouting another horizontal

hole in the access shaft at elevation 7125 feet, grout leaks occurred

at the surface along a north - south line from 100 to 230 feet north
of the access shaft. Grout take including leakage in this hole was
reported at 1956 sacks of cement. Vertical stress relief joints

striking north - south and parallel to Willow Creek Canyon were con-
cluded responsible for grout takes and grout leaks in these holes.
The grout leaks on the surface from the two horizontal holes drilled

in the access shaft could only be through vertical fractures or stress
relief joints striking north - south and parallel to Willow Creek
Canyon. These joints or fractures are unrelated to doming, but

originated from stress relief resulting from downcutting of Willow

Creek Canyon. Surface traces o~ these joints were not evident.

Bedding planes may have been responsible for some grout leaks, grout
takes , and grout travel. Grout leaks occurred 430 feet downstream from
the grout cap on the left abutment along a shale unit in the Dakota

formation. A grout leak related to the same shale unit occurred 600

feet downstream from the grout cap above the outlet portal. Although

these leaks were related to a particular shale unit, grout travel could

not be attributed solely to bedding or to the shale unit. The interval
being grouted was 50 to 70 feet below the shale unit and vertical travel

of grout could only be up through jointing. In a few places grout

travel occurred between adjacent holes and was indicative of grout

movement along bedding planes.

Grout takes were also related to jointing in the sandstone units in the

Dakota formation. These joint sets are connected with uparching in

the North El Vado Dome and not to stress release related to downcutting
of Chama and Willow Canyons. A grout take of 4,136 sacks of cement

was obtained in the interval 210 to 240 feet in the hole drilled at

Station 20+36 on the left abutment with no grout leaks. A grout leak

did occur in the access shaft 100 feet above the grout take. A grout
take of 1131 sacks of cement was obtained in the 200 to 230 foot

interval in the hole drilled at Station 10+00 with no grout leaks.
Many other examples of grout takes, but of smaller volume, occurred

with no grout leaks. Grout similar to mortar in a brick wall was
observed filling joints in a few beds of sandstone exposed by cleanup

of the abutments.
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It is visualized that during uparching of North El Vado Dome, the

sandstone units deformed principally by fracturing with the develop-

ment of jointing while the shale units deformed principally by plastic

flow. Consequently, joints in the sandstone did not continue through,

but ended at beds of shale. With development of Chama River and

Willow Creek canyons, these joints opened from stress relief and

resulted in a network of open joints in sandstone units between

relatively tight shale units. This condition. in combination with

stress relief jointing parallel to steep slopes of Willow Canyon

is concluded responsible for most of the grout take.

Grout takes and grout leaks in the right abutment in vicinity of

Station 10+86 are apparently related to shear zones mapped in this
area (see Drawing No. 465-528-1874). Rock in this vicinity was

closely jointed and fractured. Grout leaks occurred at several of

the shears.

Grout takes in the foundation area were much smaller than in abut-
ments. The apparent random occurrance of grout takes and absence of

connection between grout holes indicated joints in the Morrison
formation rather than bedding planes were primarily responsible for
grout takes. The largest grout take in the foundation area was

obtained in the hole drilled at Station 14+85 where a take of 518

sacks of cement was reported for the hole. Most holes drilled in

the foundation area had grout takes of less than 200 sacks of cement.

Some rock movement occurred while grouting in the left abutment. The

grout cap separated at Station 18+38 and several silt and clay

filled fractures and joints were opened. Fresh fractures in rock were

not found. The convex shape and steep slope of the cutoff trench

resulting from excavation of the cutoff trench created unstable

conditions in vicinity of Station 18+38. The addition of water and

grout under slight pressure was sufficient to open pre-existing silt

and clay filled joints fractures and bedding planes in this area.

Uplift of 0.13 feet was reported on rock in vicinity of Station

18+38.
. /

Grout takes in the foundation of the dike were much less than in the
abutments of the dam. Many holes drilled in this area were tight.

Stress relief joints were absent in the foundation of the dike.

consequently. the rock was much tighter in this area than in the abut-

ments of the dam.

The largest grout takes in the foundation of the dike occurred at
the east end where blasting for excavation of the spillway had
opened joints and bedding planes in sandstone.

Relationships of grout holes, grout takes, grout leaks and rock types

in abutments and foundation of the dam are illustrated on Drawings No.

465-528-1817. 1849, 1852. 1856 and 1865. Relationships of grout
holes, grout takes. grout leaks and rock types in the foundation of

the dike are illustrated on Drawings No. 465-528-1797. 1798. 1799,

1801 and 1802.

177



Conclusion: Jointing in sandstone was primarily responsible for grout

takes and grout leaks in abutments and foundation at Heron Dam and

Dike. At the dam, joints responsible for grout leaks and greater

distance of grout travel resulted from stress relief in steep slopes

of Willow Creek Canyon. They were not distinguishable on the surface
from other joints present because they were parallel to a pre-existing

set of joints.

Reservoir Geology

The Dakota formation lies beneath Mancos shale and alluvium in most

of the reservoir area. It crops out in the reservoir in vicinity of
the dam and in Horse Lake Creek valley near the west edge of the

reservoir and-in a small area along Willow Creek about 3 miles upstream

from the dam. A dip slope at the top of the formation constitutes

the outcrop of the Dakota in the reservoir area except along Willow

Creek where it forms bluffs on both sides of the canyon at the dam.

Sandstone at the top of the Dakota is closely jointed on outcrops.

The joints appear tight and unhealed. Where Willow Creek has eroded

its canyon into the Dakota, the joints are observed to decrease in
number with depth below the surfa~e. A few stress relief joints

striking parallel to Chama River and Willow Creek canyons are present

near the canyon rim and were traced for several hundred feet along

their strike. Some of these joints are open from 1 to 12 inches to

depths of 10 to 40 feet below the surface.

Several faults were observed in the Dakota formation in the reservoir

area. Two of these faults are near the dam and are shown on the

detailed geologic map of the reservoir are, Drawings No. 465-528-496

and 497. One fault is inferred by an abrupt change in dip on the

easr side of the Dakota outcrop in Horse take Creek valley. Faulting

was also observed in the Dakota formation outcropping along Willow

Creek in the upstream portion of the reservoir and is shown on the

generalized map of the reservoir, Drawing No. 465-528-1881. The

fault zones were tight with no openings, eroded channels or springs

indicative of water movement along their strike.

Shale of the Mancos formation underlies most of the reservoir and

constitutes the rock- in the east rim. The shale is weathered to depths

of 1 to 10 feet and in places is covered with several feet of alluvium.
Geologic structure at outcrops of the Mancos formation has been ob-

scured by weathering. Jointing was observed in excavatipns in the

Mancos formation, but appeared tight. -

The reservoir basin is believed to be tight. However, some seepage
may occur along joints and bedding. planes in the Dakota and Hancos

formations. Should seepage occur through the Dakota formation, it

would likely appear on the right (north) side of Chama River a few

-hundred feet upstream and downstream of Willow Creek and in the
canyon walls of Willow Creek downstream from the dam. Should seepage
occur through the Mancos formation in the east rim of the reservoir,

it would likely be indicated by appearance of much alkali in drainages

on the right (north) side of Chama River upstream from the dam.
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APPENDIX C

DOCUMENTS REVIEWED FOR HERON DAM AND DIKE

1. Final report on foundation and outlet works grouting,
Heron Dam and Dike, January 1971.

2.
1970.

Final Construction Geology Report of Heron Dam, October

3. Heron Dam and Dike specifications, paragraphs 93 through
102, pressure grouting.

4. Drilling and grouting reports L-IO.
the period of April 1968 to August 31, 1970.

Monthly reports for

5. Letters related to contract claim of changed conditions
for grouting.

6. Geologic logs of Heron Dam drill holes 1 through 34.

7. Geologic logs of Heron Dike drill holes 1 through 10.

8. Design Data, Heron Dam,
Foundation Data (Geology).

Volume III, Para. 133.4.2D

9. Instrumentation history,
1970-1981.

2 pages with piezometer plots

10. Technical data workbook, Heron Dam, prepared by Converse
Ward Davis Dixon, Inc., September 26, 1980.

11. Draft SEED report of Heron Dam. July 21, 1981.
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Mission of the Bureau of Reclamation 

The Bureau of  Reclamation of the U.S. Department of  the Interior is 
responsible for the development and conservation of the Nation's 
water resources in the Western United States. 

The Bureau's original purpose "to pror~ae for the reclamation of arid 
and semiarid lands in the West" today covers a wide range of interre- 
lated functions. These includeproviding municipaland industrial water 
supplies; hydroelectric power generation;. irrigation water for agricul- 
ture; water quality improvement; flood control; river navigation; river 
regulation and control; fish and wildlife enhancement; outdoor recrea- 
tion; and research on water-related design, construction, materials, 
atmospheric management, and wind and solar power. 

Bureau programs most frequently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local govern- 
men ts, academic institutions, water-user organizations, and other 
concerned groups. 

A free pamphlet is available from the Bureau entitled "Publications 
for Sale." It describes some of the technical publications currently 
available, their cost, and how to order them. The pamphlet can be 
obtained upon request from the Bureau of Reclamation, Attn D-822A, 
P 0 Box 25007, Denver Federal Center, Denver CO 80225-0007. 




