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ANALYSIS OF THE UTILIZATION OF GROUT AND GROUT CURTAINS

HERON DAM

I. INTRODUCTION

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

New Mexico San Juan-Chama Projgct. 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 3just above the
confluence of Willow Creek and the Chama River, and the closure
dike is located about 1-1/2 miles west of the dah. 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 rockfill structure
having a maximum structural height of 94 feet. The crest 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 dam and dike was started in 1967 and the

work was completed in 1971.
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2405-528-231 n Ju ama Projecé--Colorado-New Mexico Aerial view of Heron
Dam taken looking southwest., The dam embankment is completed to the crest elevation. The

relocated Highway #95 can be seen crossing the dam. The reservoir upstream of the dam is at
elevation 7(51. The top of the outlet works intake structure can be seen in the lower center

of the shoto. Work is underway on the riprap and shaping of the slopes of the upper part of
the dam,

Specifications No. DC-6558 Universal Constructors, Inc.
5-19-71 Bureau of Reclamation Photo by D. Mamning
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No. 95 is visible in the center left above the cpillway. The State of New Mexico will

pave [tate Highway 95 after completion of Heron Dam construction.

upec.fications No. DC-0558 Universal Constructors, Inc.
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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
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ranging from 3 feet to 6 feet into the finished rock surface was
provided for the cenfer 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 1l2-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 fiezometers 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
10400 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
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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 startedfﬁiout 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.
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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 El1l 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
constructed on the northeast 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
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ROCK COLUMN
VICINITY OF I'EiON DAM
SOUTHERN PART OF CHAMA BASIN
NEW MEXICO

———

T .

FORMATION THICK-
AGE AND NESS LITHOLOGY
MEMBER (feet)
Landslide, slopewash 0
QUAT. resid&al 5211’. M to | Clay, sand, gravel and boulders,
alluvium 100
Upper Shale Shale, siltyt sandy in paft, llmy.with
member 650 limy concretions, few marinc fossils;
and thin beds of sandstone, grey,
Niobrara 800 Shale, clayey, sandy in part, limy,
member fossiliferous, black,
518
S g Carlile 4 Shale, clayey, limy, with %arge limy
(3] < b 50 | concretions, black, and thin beds of
< = member .
& limy sandstone,
&
O
&5 : Limestone, dense, thin to med. bedded,
& Greenhorn 70 | grey, with shale, liny, black.
=] member _
Shale, limy, sandy in lower part, with
Graneros 115 | thin bentonite scams near top and base,
member grey black; concretions near base,
Sandstonc, siliccous to limy, silty,
Dakota 250 | carbonaccous, massive, cross-bedded,
brown to whitc and shale carbonaceous,
black.
Morrison 700 | Sandstonc, fine to medium grained, clayey
9 and shale, sandy, grey, green, red,
(‘8
o
5 3 Gypsum and limestone. Thickness varies
Todilto to e
100 in short distances, grey, white. .
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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
faults 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 Jjoints 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 upper420 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 wvicinity 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 any one 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 hoies 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
conditions 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 3° to 5° 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 Damn.
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in the left abutment. The contact is an uneven erosional surface
as shown in lower par£ of figures 18, 19 and 20, but there is no
apparent angular unconformity. The Dakota sandstone was fine to
medium grained and 1locally conglomeritic, 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 N20°-30°E, E-W, N-S (the most open
stress-relief set) and N50°W. 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 consisted
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 N20°-30°E, N-S (stress
relief set) and E-W. A few Jjoints 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 N20°-30°E were most prominent and were spaced 2 to 12 inches
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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 Jjoints.

(b) vVvalley 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 2° NE across
the entire foundation. Bedding planes were generally tight. The
dip and strike of Jjoint 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 10400 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.
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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 1if
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 shaft; and it provided
for pressure grouting any faults, shear 2zones, 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 0.75
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
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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 would 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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Range of Water-Cement

: Water-Cement Ratios Used
Area of Grouting Ratios Most Often
Heron Dam
Blanket Grouting 5:1 to 1:1 2:1
Curtain Grouting 12:1 to 1:1 8:1
Heron Dike
Blanket Grouting 8:1 to 1:1 1:1
Curtain Grouting 10:1 to 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. The 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 21400 and
10+79, the dike has a maximum height of 40 feet. 1In 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 degrees.
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. 1In 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' 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
results 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:

Water Take Initial Water-Cement Ratio
(cu.ft. per minute) (by volume)
Up to 4 6:1
4 to 6 5:1
6 to 7 4:1
Over 7 3:1

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

summary presented under section 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

66



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 11441, 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 5:1.

The hole at dam 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 records; 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
115-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
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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 adequaﬁe 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 1450 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. (D;illing and Grouting Operations Report -
L-10, 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

71



P465-528-2567NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico
View of joint O to 10 feet upstream of grout cap. Joint is normal 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-6558 Layne Texas Company, Sub-contractor

4-28-70 Bureau of Reclamation Pt7u§to by D. Manning

Fizure 27
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P465-528-2569NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico
View of joint 50 feet downstream of grout cap. Joint is normal to
grout cap at station 18+38 and was opened while grouting the 20-40
foot stage in grout hole at station 18-R20,.
Specifications No. DC-6558 Layne Texas Company, Sub-contractor
4-927R-70 Rureau of Reclamation Pho_}fés bv D. Manning

Ficure 28



18+38, 0 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 El. 7,007 to El.
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 curﬁain 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 B and

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 133.4.2D, Foundation Data (Geology), were as
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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 15,458 sacks
Right abutment dam - Sta. 0+00 to 13+43 36,343 sacks
Channel section dam - Sta. 13443 to 15427 3,936 sacks
Left abutment dam - Sta. 15+27 to 18+99 41,801 sacks
Left abutment, outlet works
Access shaft radial holes 3,582 sacks
Tunnel radial holes 9,450 sacks
Left abutment 1,000-foot extended curtain 42,686 sacks
Dike - Sta. 26400 to 34+67 excluding blanket
grouting of blast-damaged area 3,417 sacks

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
lineal foot of drill holes, especially the takes per lineal foot
of the main curtain and for the blanket holes. 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. Grout cap construction. It is an unusual blasting

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
the single string of prima-cord to be well coupled to the rock
unless the prima-cord was carefully positioned and stemmed.

Loading the 1line-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 £he 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 had 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
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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 1, 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 1, 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:
Distance Reading

Tip El. Station from grout 5-6-81 Head Percent

No. Ft. (Dam) curtain (Scaled) Ft. Net Head
1 6,900 14+00 155'U/s 6985 55 22.7
2 6,900 14471 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 tabulation the highest
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) Check accuracy of dam foundation piezometers.

(2) 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 quantities 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.
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APPENDIX A

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

FINAL REPORT
ON
FOUNDATION AND OUTLET WORKS GROUTING
HERON DAM AND DIKE
SPECIFICATIONS NO, DC-6558

SAN JUAN-CHAMA rxUJECT
COLORADO-NEW MEXICO

Constructed
1967-1971
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FOUNDATION GROUTING, DRILLING, AND DRAINAGE

Introduction

Heron Dam, located in northern New Mexico, is an earthfill 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) The foundation beneath Heron Dam and Dike embankments.

(b) Approximately 1,000 feet both to the left and to the right
of the abutments of Heron Dam to make & continuous curtain
with the dam curtain,

{¢) 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 (13-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 foo: 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
Heron 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 25,6000 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 li-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:

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 3L10 Moyno Grout Pumps

2,000 Watt Light Plant (Kohler)

4,000 Watt Light Plant (Onan)

Dodge %-ton Pickups

Chevrolet %-ton Pickup

Dodge 4 x 4-3/4-ton Pickups

Chevrolet 1%-ton flatbed Truck

Ford - F1000 Model No. 477 Tractor w/30-foot trailer
Hobart 200 amp Welder (gasoline engine)
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P465-523-1720NA Heron Dam and Relocation of S
Colorado-New Mexico
33420.
bit,
Specifications No, DC-6558 Keltner Drilling Compamy, Inc., subeontractor
4-17-68 Bureau of Reclamation Photo by D. Maaming

tate Highway No. 95--San Juan-Chama Project--
Crew drilling the grout curtain hole on the dike foundation at Station
The hole is being drilled with a Model CP 65 rotary drill equipped with a diamond
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P445-528-2632N4s Heron Dam and Relocation of .tate Highway No. 95--Lan Juan-Chama Project--
Celoracdo-New Mexico 4 Reicn Track Drill, Model C-350, is drilling a hole at station 3-+9C
cn the 1000 foot extanued curtain in the right abutment of Heron Dam.

specifications No. vC-(550 Universal Constructors, Inc., Layne Texas Company, subcontractor
C-13-7C Bureau of Reclamation Photo by D. Menu.ng
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P465-528-1719NA Heron Dam & Relocation ltate Highway No. 95--San Juan-Chama Project--

Colorado-New Mexico View of grout plant manufaciured b{ Damco Manufacturing Compang, .
Dallas, Texas. Plant is powered by Internat’onal Harvester engine which drives a hydraulic

pump, mixer, tub, agitator tub and Moyno pump are driven by Hydraulic motors.
Specifications No. DC-6558 Sub-contractors Keliners Drilling Company
4-17-68 Bureau of Reclamation Photo by D. Manning



G6

,,,,,

*"‘ 3 ) m R — x‘?"’ - o S, AOXN SN - L Ny TN *.'.'. VR I YU .
-, !f '-1“ ¥ '.‘ CIUTERORRIRS AR Y . > Y Ve ; LR
ARSI t’. R L R S L .
7 X “, ol S ey B

P465-528-2226NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico View of grout

plant used at Heron Dam. Grout pump is a Mocel 3L6 Moyno powered by a 2-cylinder Wisconsin
engine. A four speed pickup transmission Zs mounted between the engine and the pump for

variable speeds. The Wisconsin engine was latter c¢iscarded and a 12 HP electric motor
was installed. ’ :

Spec.fications No. DC-6558 Keltner Drilling Company, sub-contractor
4-24-69 Bureau of Reclamation Photo by D. Menning
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P465-528-2633NA Heron Dam--San Juan-Chama Project~-Colorado-New Mexico
structed grout plant used at Heron Dam.

View of shop con-
Plant has two agitator tubs and one mixing tub.
Grout is mixed by the small centrifigal pPump locate< to the right of plant.

are Mayno Model 3L8 and 3L10 powered by HHM Ingersol Kand air motors 9% h.p.
Mayno pumps are manufactured by Robbins anc Meyers, Inc., Springfield, Ohio.
Specifications No. DC-6558 Layne Texas Company, sub-contractor

$-19-70 Bureau of Reclamation Photo by D. Manning

Grout pumps
capacity.
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Heron Dam and Relocation of {tate Highway No.
Coloraco-New Mexico View of the grout heacar apparatus used for pressure grouting the
founcations of Heron Dam and Dike. The gage and valves are used to regulate the requairec
pressure needed depencding on the stage groutec.,
Specifications No, DC-=0553 Keltner vrill'ng Cewpany, Inc., subcontractor
4=24-68 Bureau of Reclamation Fhoto by D. Mauning



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 depth.

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 & 4-inch diameter pipe and equipped with clamps de-
signed to clamp onto a 2-inch or 3-inch diameter pipe nipple
{Photograph No, P465-528-2214NA), 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. P465-528-1851NA,
-1852NA, -2627NA, and -2628NA),

No difficulties were experienced when drilling EX holes with the
Chicago-Pneumatic 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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P465-528-2214NA Outlet Works Tunnel-Heron Dam--San Juan-Chame Project--Colorado-New Mexico

Mike Figarelle, an employee of Keltner Drilling Company drills a grout hole with a Chicago
Pneumatic No. 65 drill in Heron Dam Outlet Works Tunnel.

Specifications No. DC-6558 Keltner Drilling Company, sub-contractor
5-14-69 Bureau of Reclamation Photo by D. Manning
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P465-528-1851NA Heron Dam & Relocation of State Highway No. 95--5an Juan-Chama Project--
Colorado-New Mexico Vertical view of EX size crill bits being used by Keltner Drilling
Company on Heron Dike. From left to right: No. 1: New Fishtail type bit w/three water
ways. No. 2: Used Fishtail type bit w/one water way. No. 3: Used Fishtail type bit
w/three water ways. No. 4: New Christensen diamond bit w/one water way, 11.35 carats.
No. S5: Used Christensen diamond bit w/one water way, approximately 300 lineal feet of
arilling. No. 6: Used Christensen diamond bi: w/one water way, approximately 600 lineal
feet of drilling. No. 7: Almost new Chriscensen diamond bit w/six water ways, 7.64 carais.
No. 8 and 9: Used Christensen diamond bits w/six water ways. Drillec footage unknown.
Spacifications No. DC-6658 Universal Constructors Inc. sub-contractors Keltner Drilling
Company

7-15-68 Bureau of Reclamation Photo by D. Mamning
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P465-528-2627NA Heron Dam--_an Juan-Chama Froject--Colorado-New Mexico Drill bits used
by Layne Texas on Heron bam. (1) Ax bit (Chr:stensen #A5506) - Drilled 2,833 L.F. "H"
Gracde diamonds 5 stones per carat. (2) &X bit (Christensen #C2285) ‘&' Grace diamonds
5 stones per carat. Diamond wt 26.36 caras. (3) AX bit (Christensen +7.4520) "H"
Graze diamonds. § stones per carat. (4) AX LQesmer _hell B Grade ciamonds. 15 stones
par carat. Diamond wt 5.50 caracs. (5) EX to AX hole opener bit with pilot. (6) AX
bt outer edge shoved off after drilling steel. (7) AX bit small crysials of pyrite
were found in water ways which caused center of bit to be corzd out.

Spmecifications No. DC-6558 Layne Texas Company, sub-contractor

6-19-70 Bureau of Reclamation Phoio by . Manning
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P455-528-2628NA Heron Dam--San Juan-Chama ?J2roject--Colorado-New Mexico Drill bits used
by Layne Texas on Heron Dam. (1) thru (3) TypiIcal used AX diamond bits. (4) Typical
used AX Reamer Shell. (5) Typical used .X bi: with reamer shell. (6) New AX three-way
crag bit. (7) Used AX three-way drag bit.

Specifications No. DC-6558 Layne Texas Company, cub-contractor

8-19-70 Bureau of Reclamation Photo by D. Manning
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When drilling was initiated on the 1,000-foot extended curtain
on the right abutment in July 1968, 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 saundstone 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 gsetting 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 7/8-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 7/8-inch diameter)
holes. Some EX (li-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
inadequate 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 Chiéago-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 pressyre 4%-
inch by 6-inch duplex piston type (Gaso) 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
ingtalled 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:

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

% 3, 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.

Packers

During grouting of the dike, leather-cuyp packers worked very satis-
factorily in EX (li-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 (Photagraph No.
P465-528-2634NA) could be used. The packers were inflated through
1/8-inch rubber hose with compressed nitrogen (Photograph No. P465-
528-2629NA) so the larger hole was needed to provide space for both
the nitrogen supply line and the grout supply pipe. Difficulty was
experienced 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, 1Initially, 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 polyvibrathane 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 October 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 counstructed of rubber were purchased from several
manufacturers and tried. An element manufactured by Lynes, Inc.,
7042 Long Drive, P.0O. 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 the sub-
contractor from August 1968 to October 1969 (Photograph No. P465-
528-2639NA). The disadvantage of these packers was that the AX (2"
diameter) packer had only a 3/8-inch diameter opening through the
pecker., Ttiis small opering se¢verely choked 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
different pressures, 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 pneumatic

packer, 1/2" I.D. used on Heron Dam.

Packer is manufactured by Dameo Manufacturing Company,
ballas, Texas.

Packer e¢lement is constructed of poly vibrathane material.
Specifications No. DC-6558 Layne Texas Company, sub-contractor

8-19-70 Bureau of Reclamation Photo by D. Manning
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P465-528-2629NA Heron Dam--San Juan-Chama Project?-Colorado-New Mexico View of pneumatic

nacker with 300 lineal feet of 1/4" L.D. rubber nose, compressed nitrogen bottle, regulator
anc pressure gauges.

Specifications No. DC~6558 Layne Texas Compeny, cub-contractor
5-19-70 Bureau of Reclamation Photo by D. Manning
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P465-528-2639NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico Packers used by
Layne Texas Company on Heron Dam. (1) AX Leather cup packer 1" I.D. (2) AX Shop con-
structed pneumatic packer 3/4" 1.D. (3) -+ Chop constructed pneumatic packer w/o rubber
element 3/4" I.D. (4) AX Pneumatic (Damco) packer 3/8 * I.D. (5) Same as No. 4. (6)

£LX Squeeze packer 1/2'" 1.D. (7) EX Leather cup packer 1/2" I.D. {(8) Ex Leather cup
packer 3/4" I.D.

Specifications No. DC-6558 Layne'Texas Company, sub-contractor
8-19-70 Bureau of Reclamation Photo by U. Marning
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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 1'0" packers
proved more satisfactory than the longer packers.,

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-192g, and was manufactured by the
Ideal Cement Company, Tijeras, New Mexico. The cement was usually

‘brought directly to the point of uge 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-
ficulties 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 10-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 1,000-foot extended curtain on the left abutment.
Four inch diameter holes were drilled with a Reich Model C-350

drill using a 4-inch diasmeter tri-cone roller rock bit, It was
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necessary to implant the casing about 15 feet deep for each hole
ag caving was 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 TUNNEI, 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, Abaut 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
fi11l 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
13-inch maximum size aggregate, This 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 l: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
8 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:l
water-cement ratio with 2 percent bentonite by weight of cement
added. From approximately Station 10+40 to Station 10+62 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.

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 generally
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 Station 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.

111



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 springline 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, -1828, -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 ghaft, 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 Qutlet 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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P465-528-2506NA Heron Dam--San Juan-Chama Project--Colorado-New Mexico Washing apparatus
used to wash the holes in the access shaft that were drilled in May and June 1969, and not
grouted until March 1970.

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

3-13-70 Bureau of Reclamation Photo by D. Manning



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 injected 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 grout 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 grout curtain were opened in the sand-

- stone adjacent to the open-cut (Photograph No, P465-528-1751NA),

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 cément 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 mixtures varied from a 8:1 to 1l:1 water-cement
ratio by volume. Most of the grout was a 1l: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. 1In 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 foles

Drilling 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 general 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 soft sandstone, 10 feet of shale, 20 feet of moderately
hard sandstone followed by an undetermined thickness of shale,
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P465-528-175INA Heron Dike--San Juan-Chama Project--Colorado-New Mexico View of relief
crack on the upsiream side of the grout cap at Di:ke station 33+55.
.0 the spillway open-cut and resulted from blasiing for the spillway open-cut.
Specifications No. DC-6558 Universal Constructors, Inc.

.=24-68 Bureau of Reclamation Photo by D. Menning

The crack runs parall:zl



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- 140-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 E1 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 cap 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. Pressures 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 en
average take of 14,08 sacks of cement per lineal foot of hole.
The layout and grouting results are shown on Drawing Nos.
465-528-1854 and -1855,

Curtain Holes 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 completed

"in June 1970,

Drawing No. 465-D-372 {llustrates the general layout of the grout-
ing pattern used in the curtain grouting., This pattern was gen-
erally pursved, except that a "criss-cross' grouting pattern
rather than tte traditional fan was used in the foundation bottom
on the main curtain., Also, no third curtain, 20 feet downstream
of the primary curtain as proposed in the specifications, was
constructed. The second curtain was stopped at elevation 7,095
on the left abutment and at elevation 7,150 on the right abutment,
The second 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 packer 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 surface leaks through vertical joints,
when grout was being pumped in stages 80 to 100 feet in depth. A
dotted line from 5tation 9+72 to Station 12+35 on Drawing No,
465-528-1856 outlines a vertical cross section of an area where
all grout holes 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 from 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 feet deep. The hole at Station 18+12 leaked
grout 600 feet downstream above the outlet works tunnel from the
125- 147-fcot 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-
zontal 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, wuuden wedges, empty cement sacks, or burlap, tamped in
place with hammers and assorted types of c@isels.

Most grout takes appeared to be the result of vertical joints in -
the sandstone members, The vertical joints were usually normal to
the grout curtain 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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@ necessity, Some lateral travel was indicated since the average
teke per linear foot decreased 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 curtaiun were drilled and grouted, For
a8 complete breakdown of grout 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, 1/8-inch at the grout cap, and 3/4-inch
80 feet downstream of the grout 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 dnd 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 l-inch diameter rock bolts 20 to 24 feet in length were
installed through the joint in the area near the grout cap as shown
on Photograph No., P465-528-2593WA, 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 10473 on the right abutment, A total of
6,609 sacks of cement were injected throughout the hole in which
11 separate water losszses had occurred. Most of the grout takes,
in this hole 2s ip most other V.les throughout the grouting pro-
gram, were characteristically slow. The necessity of using thin
grout mixes prolonged some grout takes to as long &s 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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Coloraco-New Mexico View of the rockbolts pattern on the left abutment of Heron Dam.
Bolts were installed through a joint in the sandctone which was opened while grouting the
20-40 foot stage in the hole at station 18+20 on the grout cap. The rockbolts are 20 to
24 feet long and were installed near the center of the photo.
Lpecifications No. DC-€558 Universal Construc-ors, lmec.
$-15-70 Bwsesu 0f Reclamation Bhoto bv J. Manning



. 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 Holes 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 Dem 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 patterm.

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
drilled hole. Grout mixtures used varied from 8:1 to 1l: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
patterng 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 drilled. 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 1,000-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 20454 back, the curtain was constructed upstream of the access
shaft and gate chamber to give added protection to these facilities,

A total 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 varied from 15:1 to 1l: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
meximum of 150 psi were used.
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P465-528-2631INA Heron Dam--San Juan-Chama Project--Colorado-New Mexico General view of
grouting operations on the 1,000 foot extende: curtain on the right abutment at Heron Dam.
Viewing in an easterly direction from station 6+50.

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

8-19-70 Bureau of Reclamation Photo by D. Manning
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P465-528-2566NA Heron Dam--San Juan-Chams Frojsct--Colorado-New Mexico General view of
the 1,000 foot extended grout curtain on the lef: abutment of Heron Dam. Grout plant in
the foreground is located at station 26+25.

Specifications No. DC-6558 Layne Texas Company, tub-contractor

4-11-70 Buresu 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 road to the outlet works about 600 feet downstream from the
grout curtain, Water losses were quite common in the Mancosg 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
succegsful 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.

The grout curtain was designed 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 1,000-foot
extended curtain on the left abutment are shown on Drawing Nos.
465-528-1864 and -1865.

Claims

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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40,

41,
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42,
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44,
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48,

Figure No. 1

SUMMARY OF QUANTITIES AND EARNINGS

Sheet 1 of 2

Nature of Work Quantity
Excavation for grout caps to 5 feet in depth I,§63'cu. yd.
Exéavation for grout caps between depths
of 5 and 8 feet 40 cu. yd.
Drilling drainage holes in tunnel'lining 1,210 1in. ft,

Mobilization and demobilization for drilling
and grouting foundations 1007

Drilling grout holes in stage between the

- following depths:

0 and 30 feet (rock) 24,717.5
0 and 260 feet (redrill) 2,145.5
30 and 60 feet - 17,340.0
60 and 110 feet : 24,265.0
110 and 160 feet ' ‘ 18,558.0
160 and 210 feet 12,255.0
210 and 260 feet ‘ 6,821.0
Drilling and casing holes through over-

burden cn left abutment ' 1,065,0

. Furnishing and placing pipe and fittings

for grouting foundations , 14,514.5

lin,
1lin.

lin,
lin,
lin,
lin,

1in,

1in,

1bs.

ft.
ft,

ft.
ft.
ft.
ft.

ft,

ft,

Earnings

$ 716,767.00

480,00

6,050. 00

90, 000. 00

73,873.25

47, 685,00
66,728.75
51,034.50
33,701, 25

23,873.50

12,780,00

7,257.25
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Item No.

49,

50.

51.

52.

64.

69,

Nature of Work
Hookups to grout holes and connections

Pressure grouting foundations in
accordance with Paragraph 99.c. of
the specifications

(2} Grout take of 1.25 cubic feet per
linear foot of drilled hole

(b} Grout take in excess of 1.25 cubic
feet per linear foot of drilled hole

Furnishing and handling cement for
pressure grouting

Pressure grouting concrete in outlet
works intake structure and gate chamber

Cement for concrete and backfill grouting
Concrete in grout caps

Order for Changes No. 3 - Rockbolts

Sheet 2 of 2

Quantity Earnings
1,033 ea. $15,495.00
131,277 cu, ft, 262,554.00
28,749 cu, ft. 28,749.00
40,228.5 bbl. 261, 485,25
100% ' 20, 000,00
3,180.5 bbl., . 20,673.25
1,634,9 cu. yds. 57,221.50
264 lin, ft, 2,590.92

TOTAL GROUTING EARNINGS $1,098,999.42

ny



heet f
Figure No, 2 Sheet 1 of 2

SUMMARY OF HERON DAM AND DIKE PRESSURE GROUTING

Final Quantities

Lin,.Feet Cement Take
Drilled No. Sacks Sacks/Ft.

HERON DAM FOUNDATION
Main Curtain

Original Holes (80' Centers) 3,261.5 29,704 9.11
First-Closure Holes (40' Centers) 2,705.5 15,205 - 5.62
Semi-Closure Holes (20' Centers) 5,649.5 14,024 2,48
Final-Closure Holes (10' Centers) 10,264.0 7,948 0.77
Additional-Closure Holes (5' Centers) 9,349.0 5,303 0.57

Main Curtain Total 31,229.5 72,184 2.31

Upstream Curtain (No. 2)

Original Holes (40' Centers) 3,908 1,913 0.49
Semi-Closure Holes (20' Centers) 3,440 1,037 0.30
Final-Closure Holes (10' Centers) 2,764 910 0.33
Additional-Closure Holes (5' Centers) 160 0 0.00
Upstream Curtain Total 10,272 . 3,860 0.38

Intermediate Closure Holes
between Curtains 4,220 488 0.12
Blanket Holes 394 | 3,548 14.08
Totel for Dam Foundation 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
Fean Holes in Spillway Open Cut 148 553 3.74
Aungle. 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

126



Figure No. 2 sheet 2 of 2

Final Quantities

Cement Take
No. Sacks Sacks/Ft.

Lin.Ft.
Drilled
1000' EXTENDED CURTAINS
Right Abutment
Original Holes (120' Centers) 2,306
First-Closure Holes (60' Centers) 2,080
Final-Closure Holes (30' Centers) 4,417

Additional-Closure Holes (15' Centers) 6,497
Additional-Closure Holes (7.5' Centers)_1,830

Rt. Extended Curtain Total 17,130

Left Abutment

Original Holes (120' Centers) 2,409
First-Closure Holes (60' Centers) 2,139
Final-Closure Holes (30' Centers) 4,339

Additional-Closure Holes (15' Centers) 6,840

Additional-Closure Holes (7.5' Centers) 2,768
Additional-Closure Holes (3.75' Centers) 390

Lt. Extended Curtain Total 18,885
Access Shaft Radial Holes 806.5
Adit to Gate Chamber Radial Holes 70
Qutlet Works Tunnel Radial Holes 3,957.5

Cement used for Backfilling Grout Holes -

Drilling for Casing through Overburden 1,065.0

Contract Total (Final) 105,021.5

127

6,489 2.81
3,441 1.65
3,106 0.70
2,235 0.34
_187  _0.10
15,458 0.90
19,468 8.08
7,791 3.64
9,790 2,26
4,722 0.69
902 0.33
13 0.03
42,686 2.26
3,582 4.44
0 . 0.00
9,450 2.39
556 -
160,026 1.52
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APPENDIX B

Extract from "Final Corstruction Geology Report of Heron
Dan" prepared by Kenneth K. Cooper, Project Geologist

October 1970.

Grout Takes in Relation to Geology

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 Willaw Creck 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 including the leak was
reported at 1021 sacks of cement. Whille 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 of 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. 1In 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 E1 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 20436 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 10400 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 E1 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 10486 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 14485 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 Statio

18+38. ' 7

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
opencd 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.
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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 surfage. 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 Daota 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
east side of the Dakota outcrop in Horse Lake 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 excavations 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 Mancos
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.

178 - _ ’



ELEVATION

7200 __

7180

7i60Q

a0

7120

7100 __

7080 __

7060 __

7040 __

7020 __

7000 __

comersu ¥
rin ates

|

/,.
o

bogent Fo

& Spaina

Ly

2

32 31

—— Contrete grout cap

— Original ground surfoee

FROFILE

Locatiow OF Grout

y R

e

£

30

EXPLANATION
Kd - Crelacesus Dotols formotion
Sh - Snare,clayey,siity, 16ady, with bede of
soadi

e | te 2 Inches ihick in the
bentonatic, with thin bontewitic

pact,
firm -

nfte, prpsum end jaroeita
otien 7080 M.S.L.

$S = Sonanfons, fine greined, siity, cerdoneceows,
moderately hord — dreehs on o moderate
blow with o Aammer, mederotely cementsd,
Wightly friable, jointed,dork pray.
Beds 110 2 Inches thick, Joints are
tight, drowa stained,

EXPLANATIN

= w NUMBER
Lf L FRE NS

pa [p—ramrtiz wateR tase

aL{f-WATER LoSS
13 NEPTM ©F PACKER SETTING
s‘s = ity e

M pressae

. GROUT TAXE IN EACESS OF ONE SACK
TER LINEAL F3OT OF hoLE

25 CEPR

TDATE 6ACLTING  COMPLETED
AND TOTAL A= CUT TAKE

e rvee

Taxk- ToK

Auks scae v

Gronting Camphted /968

Se0logy 0dded be K. Cooper  8-23-7u

Pimars Mo

Orvmnt Wade

\@ auwevs rwink SAFETY J

M,
stese
“xy

/4
f

§2eo

”y..,

BULAN VIEW

T TEs
- u».:w..u or *ras aTERIOH
Cavar

SAN JUAN CHAMA PROJECT, COLORADO - NEW MEXICO
HERON DAM
GEOLOGY B GROUT CURTAIN
DIKE FOUNDATION

(ryua Ferearry Reles

P

304
& & :
B O O— B~ onn

rr.-; s

P

‘- 20 bl

... . RBR.

o
ved.

ceo..
erto.

. Arcovmenoeo .

rAOVED. ... .

Dorarmt Node ¢

T, e waao

A, ey
1Mgr 1 gr 3

] 45—

179



ELEVATION

30 29 28 27 26 25
EXPLANATION
Xd - Crelocecus Dotete formetion

andy, with deds of

7200 __
S — Snole Blﬂyly.lHly,
one / hee [hick in the
Tieo ___ n wis, -un mn dentenitie
o hard, bmat
Shedred ond fractured trom
many verticel tractures (1}
timonite, gypaum and /nrulu sotow
7160 __ elevation 7080 M.S.L
85 ~ Sondsrons, fine groined, lllly.nrunuuu.
maderately dard madere
dlow with a hammer, moderaioly. comented,
Ti40 sDgAtly frigdis, jeinted dock geoy.
110 2 inchar (hick, foints e
1ght, brawn stoined.
7120 __
700 _ EXPLANATIN
7080 __ °
9
X AA e NVUNA
7060 __
L |pemprae rare s goss
7040 __ x|k tvasEa Loss
N DB S Pylni h SEPTINE
9 Ona - - LT GRUNTEL
7020 . 3. T
240 YT st PRESS
7000 __ / - 6% a2V HLLSTOF
7 Qi zves Coan oyt PER
”: - Loyl - ERIATY 4
g 1t O < R LA 2 Y
N %; :3 Lot Gl T 1L COMMLETED
Vo b 200 aan s TAAE
&

@ - Locaina of ravt Apra

Geolegy added by | K. Cocper 4-25-70
. . Compiafed  yroviing 7968
—000*:....5.00-'.?O“O."?..).?...QQ>Q.... FEC.OE B BE B B B BE BE B R R BN S BN 2
: : : : : : E ; gy
N b i }s i b4 N 3 < 3 " saN JUAN CHAMA Pﬂouc‘r COLORADO - NEW MEXICO
{ £ i e N N H { HERON DAM
s : 3 o 4 N £ : GEOLOGY 8 GROUT CURTAIN
DIKE  FOUNDATION
maen MDA woamirres a.,.z'cn.a’“
tascao  Frcl mCOMMENCAD
Scale -4 « 20° conemrs 0
] ' i R ichiss KT TN

181



ELEVATION

25400 24400 23+00 22400 21400
EXPLANATION
7i80 » 2 Kg - Graneros membar or 1Ae’ Creloceovs
3 Moocos ena
LT b!.llﬂlwl Doieta formetion
7160 Sh ~ Shale, cloyey ,ailly, sondy, with bede of
sandstons ! 1o 2 inches IAICR in the
wpper part, benstonetic , with thin bentonetic
bdede, firm o Mard, fiesite odleck.
Sheared ond fractured from sliding with
740 many verticol fracivras fiiled with
timonite , gypeum ond jo below
elevation 7080 M. f¢.
$83 - Sondytons, fine prein
7120 __ modecately Aced~ beaah ror ot
blow with o mmer, ately comented,
slightiy ftrie . Jeinted dork grey.
Beds 1102 Inches thiek, joints ere
tight, brown slained.
7100 2
£ XPLANATION
7080 ___
w 3
7060 Approsimate contect of Kg-Kd
ET—NWI AuHIER
7040 __.
Fendutons s |le—rnariae saren coss
Xd 02 Nl i ATER L0258
7020 __ 5o DEPIN 0F PACKER SITTan 8
7949 - DATE GRowT6o
A4 E
7000 __ - AT inym PLESIw
- GROUT PANE 10 ETCEIS OF

—_—
T —

VaL SHem CEmiN T PER
LXEaL FonT oF NOE
W TOTa BEFTN OF Koid
28 DAL BROUIING CONMETEE
.

—_——
— T e——— ss *e £
3 — . A fOTAL GHOuT TAXT
W T — _— i Shers xa — - i w fo o
oy T
}; T — — o @---Locanow or GRovr wwas
¥ —_— LC]
—_
—_——
— T ——
\ Ovoteny #dd by K, Cosser 4-23-70
\ GROUY ComPiaTID /148
\/ S - — ———e — P — |
A ® 0 200 0 0 O 06 6 4 D DB IS I PO B OP OGNS Sy s 0 ) wwavi Tk SAFETY
\ 5 s ' 3 2 M ¢ " B I
\ “ ~ : q i M ! < PonraL o1 aE & PO
“ - a R SAN JUAN-CHAMA PROJECT,COLOMADO-NEW MENICO
£ . P ) ,, . ; N HERON  DAM
: B B % d : R i
* bS : - N " ¢ . GEOLDOGY & GROUT CURTAIN
:, i ¢ i § H H H gl N DIKE ~ FOUNDATION
i « 5 M & . i '
’ - : ¢ s 28 vwarrre. Ol s TR
. . cukanto 7P M ammmavao, o ahh
Scale - "+ 20 Taamr. Wi GAAxs A RTINS
Il N X seilr 3 or g
e + - -

183



ELEVATION

7020 __

7000

21+00

"
Yos s s s

T T S S
L N N VR
Iy

20+00

Sondstens Kd

i

Goriguan! bie

;

18+00 17400

194+00

16 +00

EXPLANATION

Greanrorn membdar ol Crotecssm
Maeneos shals

Sandstons o
4 xd

} 3 3 ¢

; 3 + : s
i &
B o by .
;T i i‘) s n i
3 2 1 v N
S * K N ~

Scale - " -

20

Py
. s
Y % Ky = Granecos memder of Cretececus
R T H Moncoe enale
{, A~ e - ¢ Dokois termetion
th /
A
‘/kt Gl
-
Iy
v
Shale
FXPLANATION
-
Z—— wmie XUMILR

B e e e e e i,y St o on T SILT S S S AE SNS G SR NPT SR S PO N Y
N S K ! N A YRR R T T ::

80 [fomee MK TIAL  WATER LSS
wo3|fo— warcy covs
W NETH OF Pas Ly TETTING

9-v-4p-- —Odrd CROVIED
LT, 2
240 ~ — - M AL M PRESS SR

—— GROUT TPANE M CHCESS OF
OnE socK Cim:r¥T PEA
LivEN FO0T uF Woek

OERTH OF Noik
GYIING COMPETED
TOTRL GhouT TAXE

- ot
ey
Avo

TTRGCAT 0K O G ROUT NLES

i

W
Gooiogy odded by ! K. Cooper  8-23-70
G ROUT™S LomPLLTED /968

T ) wuwevs ank SAFETY -
,.:.._,;:i:;fu_, '1‘:1"::{1-;0'
SAN JuAN CN‘;‘r;ﬁdlC{LeDLLN‘:DU"‘W MEXICO
HERON DAM
GEQLOGY A GROUT CURTAIN

DIKE FOUNDATION
oaswn AR somnirreo - Casil & Tudlod™. .
rescro FPAM Lo, mczommenien REFEN
curceto CFRMAL  arrdooto

Toaus, Wie WO REs
snegr o g o

S5, ] 4s5-528

185



ELEVATION

16 +00 15+00 14400 13400

7180 __
7160
7140 __
7120
700 __
7080 __ Shois & iimerions
7060 __ R —_—
EXPLANATION
7040 Y o £ HMOCN
7020 __ P
a8 [l PARTIAL  (VATER 4833
Pl aren co5s
7000 __ DL FTH 05 FACCER JEI N
» ' 28 by D#IE CAPYTED
i B TIAL
A~ N 240 HAL Ly PRESI A
\ 999 -9 P 09 0-0-0-@ -—o~—o~»—4—o—~0»’—o«&—«o+o~o—o—o—-¢—o—%r¢ﬂ—'H~&4~-—va‘—4~00.0— - GROUT THAE K CXCESS OR
) ¥ 3 5 = o 5 LT N ° GYE SACK CIHENT TEA
| 3 3 H 2 3 5 I AT N * 3 : LASAL FocT oF MOLE
o ) 2 h B ) F : = JowTOTI DEFTH OF HXE
{’\{"\ I8 oA GReuTING COMPLITRO
h 3 3 = 3 3 ¥ 3 3 - ¢ . i svo rore. angur mawk
N 3 3 3 3 = 1 = = N \‘ = 4 > ROUT HOLES
: ’ 3 3 H < : S(ATI0N OF
\N‘. i (y ? i ¢ Il i I8 it H 3 @ cieamon o8 GRO
ks h H 3 £ T I N .
3§ 4 o &t o it & &* I © & S i
GROUTING CoMAETED /968
EXPLANATION
Kel — Carfita member of Creloceom Mancos arale Geology odded by - K Cooper 8-25-70 e ) @;-Tm‘n}n‘ Tunx “SVAFETV
Kgr ~ Greanhorn mamber of Creloceovs Moncos shole seraa a4 oon 0 i caion
PR oAt S ia s

Xg — Groneros member of Crefaceous Mancos ahale N SAN JUAN CHAMA PROJECT, COLORADO-REW MEXICO
HERON DAM
GEOLOGY & GROUT CURTAIN
DIKE  FOUNDATION

o _aom [ N AL

tracro AL drdes  wrcomwrnien
Scale - 1"+ 20" CPldets.  arrsoaio . .
BN RITE T T

187



.Shots £
A

—Fsandiron R,

Sondetons
e Aot wenos
.. ; . - ¢
N : -2 4 A H 2
T 5 ‘ c il I i j z i
k -~ @y IS N 2 v L 5 30F 2 a- @ - ® - ®
o v - o 3 S " £ R N _ *
P L VT ) ) PN .‘ 2 3 3 ) : 4 i, o 68w P e g
s wrrie 4 . - : 4 PR F 4‘ >
Ve E Wik QF et UK SETTI e CROUNING (O PLETED /1970 -~ & i kl f K _i " - & Geclogy atded by K. Coopsr 8 -26-70
. ~e 7 d @ . e o [E——
iy ea it crovrer é* “ 4 i . ~ suwavs TNk SAFETY
3o S B LoCATAW 05 GROUT MAES —® T, . 5 Z ‘ EXPLANATION seeantroint Sor i Clramon
. PO A SUmeal or meciariation !
40 IR e FeCs E . L4 [ Kg — Graneror membder of the Mancos formuison SAN JUAN-CHAMA FROJECT, COLORADO- NEW MENICO
- s % ‘
* 7 2 i . : Ko -~ Cratoceour Dotote fermotion . HERON DAM
—ER PRI -~ T . H H GEOLOG
Tt e LT ! » be 7 h H Sh = Sncte, eilly ,carbonaceous. hard, finally, dork grey to Bock Y B GROUT CURTAIN
CAF idie Ceihe AL H * - z ; i . LEFT ABUTMENT — 1000 FI. EXTENSION
. LiMp e ceol oF weid - - L NOTE. Oeoleqy based on projestions fram SS — Sanditons, fine grolaed cloyay. corbongeecut, modsralely
Ay Fordr Leete o1 et z w7 E 3 expoevree In cutoff Irench and cultings rardy moderatsly cemented, e TG B wommirrrn 2 AT~
Y peie Eacecivs gernisies 3 H 3 fram orsul holes. dan . Cosil & Ak ]
ri Py - ;. N Qut — GQuoternary Aftuwium ond wagthered jials TRacen ~ecommanoan
T3 A6 Tetdw GrnT THRa -~ . ) craerte . arsnoero
AR AL ALMC . 2y,a1, | 48B-B28-
T

189



oal ;qnu phothersd/ sncfs

v T ke

A rtas

g a0V

R

¥ § ! LT : o ' . . i —iCo TAes
A oy IS - ¥ S . - . v i -y

EXPLANATION K A : L o e
oaf A Alturiom of silty cloy and top yoi . et 26T L
- -t Tikly

YIofets L S

@ Locarew oF GRouT HOLES

Kg — Gransros memder of 1he Moncos focmation

Xd — Cretocaous Dakola formation

Geology added byi

Sh = Shale, ity carbonocecur, Aard, fissite, dark grey 1o Nock.
. K, Cocper 8-28-70

Sandutone tine gromed copey,
® *
T P g
= A PE ' . . GROLTIVG COMPLETED - /9%
; S ) -/ H €D muwavs Tink SAFETY
N - ! 4 T
NOTED Geology bosed en profection of . i’ e organiuienl Ton et Tura o
el . - SAN JUAN-CHAMA PROJECT, COLORADO- NEW MEXICO
SR . HERON DAM

#xpoevres In cutolf trmnch and
cvllings from grout noise

' . , GEOLOGY & GROUT CURTAIN
R LEFT ABUTMENT — Q00 FI. EXTENSION

: L., § T
! R o BT mareris Cat BT
N y e o ¥ Y= S S ] roncen © ercoumenoeo [
o ' D O amrenso.
! yd it e Atacs A1 4o, %75 | 468-526- B
: - P

191



1o

a0

7080

T0b0

PRER

To80

2vation

Tooo

£/

4780

& P

eI

Ke-sm
contoct

/

S
7

I

¢

EEAN it
. Sondsrone Re
Snats

Sondstone K¢
Sonds!
7

*

59
P73

2
T
/ N

—

P

vl A — —— —‘—C
— Kd-um contact
; N

s

4
.
= ~
N
)
[ e N
sorastons
Led

spaarrone, ClOYeY

N

GCROUTING  COMPLETED 970

EXPLANATION

" TRaE ¥ ExcEs; OF
ont sHx CEMENT PR
LinERL poat OF MpLE

=

'

@  LlocATioN OF GROUT NOLES

Scaie 1ez00

EXPLANATION
N¢ = Cretocoous Dskoto (wvmotim
Jm — Jurasalc Morrison formation
33 — Sondetone, fine greinad,cioyey,

moderotely hard moderately cemen
$h —  Shale, silty, cordanaceous, nord, tiawile,
dark grey ta dlock

NOTE: Geology bosed on projection of exposures
in the eutolf trench and cuflings frem
groul holes,

Geology added by . K.Coopar 826 -70

@) nwnvs ink SAFETY

SAN JUAN=-CHAMA PROVECT, COLORADG- NEW NEXICO
HERON DAM
GEOLOGY 8 GROUT CURTAIN

DAM FOUNDATION LEFT ABUTMENT

o £ Tk

THAMA, NEWw MEXICO Vot, 28-43 | 465-328-1384

193



EXPLANATION
$

Teea

b1ro

Sanderons

Ko~ um contacts,

Sandsrons
clayey
Jm

ety
s
., : ‘ -
' hd B N .
Se ; Lo )
IATI ' : Co
e I ! 2 L
I . . -, - T %
h " H 5 : S
o o+ ¥ e bt W E

Tt e e e s v B

Sy L MuMgld

R | B Y T Y LR
| wATER s287

Lo pgpsa oF Paces ittivi

r -

i
warte = LR Batk GFa.iie
‘e YN
240 ML oy PREZN ME
e 3F 00 TARL Y L o

WA SAA IENCNT Frb
I/Vfﬂn L AR X
cLpme o wiE
CR TG Co MM ETRD
ek

5

an o peal
Sy wark
N ANS Ty AR GRul
B
@  LlocATION oF GROUT AES

Scar fraet 1

EXPLANATION

Nd ~ Cretaceovs Dakolo tormotien

Jm — Jureseie Morritan formotian

Gsology dassd on sxposures in curll
Irenoh 8ad cuttings fram grou! Aoles,

Geolopy added by K, Coopar 8-26-70

GROUTING CoMALTEL = /7%
N ,
@) munvs Tank SAFETY

TNTTI e STATN T
orsantuien) Or Tie rnrgaoe

aomEay L7 AICL4uaTiON
SAN JUAN<-CHAMA PROJECT, COLORADO- NEW MEXICO

HERON DAM
GEOLOGY & GROUT CURTAIN
DAM FOUNDATION.

v svenirreo Coad £ Fadild=

v ACONManDED

ProweRr W
A2

raaceo L

mecaro NI

armaoven.

L ene e L He  guriees | A80-D20- (888

195



. " -
. G v
'::v'r“rz::’::: ¢ dasnsd iine tecked EXPLANATION

4 -
« 3 .
. : ‘ H
_ & 1 -
T ) o PARTIAL WAUR Las
§ : LI { PR v
- ': - e o Ypetn LEFRYG
e 2
Py P
i 1 N D22d N FEA e, ut
LI
< 3 PR R
+ 3T

- GRaGT TAKE MLV oM
e SwE CEmEnT PER
EYERS Fpor oF Noik o

PR

(e
X N Foim o0t~ Nl s
2 % TLoten . -
L S
S S i
@ L{ocATiav OF GROUT MWOLES:
-t T
SeALE shz0
Kd —  Cretaceoss Oearota formation
WJm = Jduraesic Morrisop. fermation
- o3 5 L v
L Hrond 23 — Sondatone, tine grolaed, ality,
, - corbonacacws, maderolsly hard, moderstely
comentad, siighiy friadls, Becw are
- Y T to 12 inches Ihick.
$h —  Shole, sondy, corbonsceo
nord - brooks on g Hght
blow with o hammer, fivelie, Blooky
- sakes rapidly on espotuis. Beds ore
6 tnches to 2 fear thick.
!
s NOTE: Geolegy projecied from exposwes in
culof trench and cuilingt from growf
Roles,
TRITIE Ay
varansint Cortnle lriaion
Cnra or ArcLevarion
SAN JUAN-CHAMA PROJECT. COLDRADO- NEW MEXICO
':‘. ' T GEOLOGY & GROUT CURTAIN
S .
SEEICES $-9L300 180§ DAM FOUNDATION RIGHT ABUTMENT
i ’
\ A% ;T .
PR By s [ TR I I NV ad
LIRS . 4 O] 2 i rasceo F macomaenaes
.
! 1 cmecuro. ... wremoass K]
i v o A S ot Loev] 463-528-1888 .

197



- toma

- rore

Sresa

7000

[X17Y

TS

s9¢e

e

N L

LN . \snote . ke \., %

\‘
.
— e T N Shole VK L “‘"*
\ L ~ W ———— " - .
\ , Sondstons : k
- : xe
- A
\
. . .. s
. & %

5n -

NOTE

EXPLANATION
Cretocesut Dakote formation
Shole, siily, carbonoceous, bord, liseite, gray to diack
Sondstone, tine groined.silly cdrbonaceour, moderofaly
hard, moderotely cemented, atightiy friobis,
Gsology baved on cuttings from- grout holwe and
profections from saparures In cutoff tranch,

55
xd '

Geology added by

LXPLANATION

in
o

K. Cosmer

OF GROUr a3

¢-28-70

GROUIING COMMLETED - 19®

@) wuavs ink SAFETY

-
SAN.JUAN-CHA

EITED ATATE3

orran tragat ur'r

varal or me

MA PROJEC

wrraoe

3

cravarian
T, COLORADO-NEW MEXICO

ON D
GEOLOGY & GROUT CURTAIN
RIGHT ABUTMENT - 10C0O Ft. EXTENSION

omawe £

rmaceo

cmtomtn i

oo ol Tokth

wecavuenoro

[ aes-n2s-1003




NOTE

EXPLANATION

Dosxota formation

Cretaceo
Shole, stity, cordonocaove, Aord, fesile, grep to biock.
Sondatons, fine grained, slity, corbonaceove. moderataly
nard, moderalsly cemented  sfightty friobis

Gaology boaed on cultings from previ holas asd projsetion
exposuran in cute!f tranch.

Cale ~ !

™
e we e g
e
PR
\ Seadstons o v
y -
xd Jat ’e Y Yy
. (e g e
e Fen
133
[z
@ (ocaTion o GROUT HOLES
f
fou
) Sonastone
xd
Snote - Kd
Songriore
0
" Sandifone
I

20’

FXPLANATION

Goalogy odded by M. Gacper 8-26-70

CROVIING COMPLLTED 2970

@) mwavs tunx SAFETY

TeTio araces
L e e

waeran o Cvecamaarion

SAN JUAN-CHAMA PROJECT, COLORADO -NEW MEXICO

HERON DAM
GEOLOGY 8 GROUT CURTAIN

RIGHT ABUTMENT -i000 Fi. EXTENSION

o reo Gl ETLAR

arsansraLie

mann

Cmbiar P

_ [ 4ea-s28-1002

201



&ir LI

APPENDIX C

DOCUMENTS REVIEWED FOR HERON DAM AND DIKE

l. Final report on foundation and outlet works grouting,
Heron Dam and Dike, January 1971.

2. Final Construction Geology Report of Heron Dam, October
1970.

3. Heron Dam and Dike specifications, paragraphs 93 through
102, pressure grouting.

4. Drilling and grouting reports L-10. Monthly reports for
the period of April 1968 to August 31, 1970.

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, Volume I1II, Para. 133.4.2D
Foundation Data (Geology).

9. Instrumentation history, 2 pages with piezometer plots
1970-1981.

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, 1981l.
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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 provide for the reclamation of arid
and semiarid lands in the West” today covers a wide range of interre-
{ated functions. These include providing municipal and 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-
ments, 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 O Box 25007, Denver Federal Center, Denver CO 80225-0007.






