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ANALYSIS OF UTILIZATION OF GROUT AND GROUT CURTAINS

MORROW POINT DAM

1. INTRODUCTION

1. General description. Morrow Point Dam is located on the

Gunnison River in west central Colorado about 22 miles east of

Montrose, Colorado. See figure 1. The dam is a double-curvature,

thin-arch concrete structure. It has a structural height of 469

feet above the lowest point in the foundation. The crest of the

dam is at El. 7,165 feet. At the crown center, the dam has a

width of 12 feet at the crest and a width of 52 feet at the base.

The maximum water surface is at El. 7,165 and the minimum tail-

water is at El. 6,755.8, resulting in a maximum differential head

of 390.8 feet. The reservoir is operated for generating peaking

power and is normally held at El. 7,160 thus maintaining a near

maximum head on the dam most of the time. The plan and elevation

of the dam are shown on figure 2, and a section through the dam is

shown on figure 3.

Most water is released from the reservoir through the power-

plant which is located underground at the toe of the left abutment

downs tream of the dam. Water is supplied to the powerplant

through two 13.5-foot-diameter penstock steel liners in 18-foot-

diameter tunnels through the left abutment.

The outlet works is located about 63 feet above streambed and

consists of a 4-foot by 4-foot stainless-steel lined conduit
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through the center of the dam. The outlet works is gated on the

discharge end and discharges into the concrete-lined stilling

basin at the toe of the dam. The spillway consists of four formed

IS-foot by IS-foot submerged openings near the top central portion

of the dam. Each opening is controlled by a IS-foot by l6.83-foot

fixed-wheel gate. The spillway discharge falls about 400 feet

into the concrete-lined stilling basin at the toe of the dam as

shown on figure 3.

The contract for the dam was awarded on May 14, 1963 to a

joint venture of Al Johnson Construction Co. and Morrison-Knudsen

Co. , Inc. and the work was completed in 1968. Drilling and

grouting were performed under a subcontract by Continental

Drilling Co. Asphal tic grouting of the left abutment was done

during the summer of 1969 under contract by Gunther and Shirley

Co. Additional cement grouting of the left abutment was

accomplished during the period of November 1969 to February 1970.

Excavation during construction involved removal of about 90

feet of alluvial material in the streambed. The work area was

protected by upstream and downstream earthen cofferdams. The

river flow was diverted through a tunnel excavated through the

right abutment. The diversion tunnel was closed and sealed in

January 1968.

2. Consultants. A board of consultants was engaged on the

project. The available records only refer to one meeting of the

board that was held in June 1963, which was shortly after the

contract was awarded for the dam. The board was the same as the

Flaming Gorge board and consisted of:

S



Julian Hinds, Chairman
Raymond E. Davis
John W. Vanderwilt
John J. Hammond
Edward B. Burwell, Jr.
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II. GEOLOGY

3. Geologic setting. The Gunnison River above Morrow Point

Dam drains an area underlain by Pre-cambrian igneous and meta-

morphic rocks and Mesozoic sediments. Tributaries from the north

and south generally drain areas underlain by Tertiary volcanics.

The project is located in a transition zone between two physio-

graphic provinces, the Southern Rocky Mountains on the east and

the Colorado Plateau on the west. The geologic setting for the

project is described in detail by Logan and Wantland in a

published technical report(l), and therefore will not be reported

here.

4. Site geology. Morrow Point Dam is located in a steep

rugged canyon which was cut through the Black Canyon uplift by the

Gunnison River. Principal geomorphic features result from stress

relief jointing, mechanical weathering, and mass wasting of the

massive to blocky metamorphic' and igneous rock. Talus slopes,

slopewash, and scattered landslides involving both overburden and

bedrock, represent minor geologic features in the canyon, but did

receive significant engineering consideration during project

design. The dam is located in a narrow reach of the gorge which

prior to construction was about 200 feet wide at river level and

over 600 feet wide at crest elevation. The canyon walls are

nearly vertical to over-hanging and are separated by re-entrant

benches or shelves. These features are shown in an aerial view of

the site on figure 4 and a lower level upstream view of the site

on figure 5.

7



Aerial view looking upstream at Morrow Point damsite. Dam abutments are
approximately opposite the old narrow gage railroad bridge shown crossing the Gunnison
River. P622B-427 -2.?92, June 25, 1963.

8 FIGURE 4



Looking upstream at Morrow Point Damsite just beyond end of bridge

9 Figure ~



5. Rock types. The rock encountered at the damsite consists

of alternating lenticular and irregular "beds" of biotite schist,

mica schist, quartz-mica schist, and micaceous quartzite, all of

which have been intruded by granitic pegmatite which ranges from

small veinlets to massive intrusions. The hardness and strength

of the rock types varies considerably, the hardest being the

granite pegmatite and the micaceous quartzite with the other rock

types grading downward in hardness to the weaker biotite schist.

The quartz-mica schist comprised an estimated 55% of the total

rock types encountered at the dam and the mica schist about 25%.

The weaker biotite schist comprised only about 5% of the total.

There was very little weathering at the site, except for moderate

weathering of the biotite schist, which formed the narrow re-

entrant benches or shelves on the canyon walls. Rock properties

are summarized in table 1, which was reproduced from table 3-1 of

the technical data book with the names of rock types added.

Alluvial fill in the valley bottom consisted of rounded sand,

gravel, cobbles and boulders mixed with large angular talus

blocks. The fill was approximately 50 feet deep in the center of

the channel increasing in depth on the right side under the talus

area.

6. Structure. (a) Syncl inal fold. The damsite is located

on the axis of a small synclinal fold which strikes N 15° Wand

plunges to the south (into the left abutment) at about 5°. The

syncline forms a structural trough as expressed by the attitude of

the foliation which dips toward the dam axis from both upstream

and downstream. The upstream dip of the foliation toward the dam

10



Type II Type III Type IV
.

Quartz Mica Micaceous .-'Mica Schist
Schist Quartzite

25 55 10

40 45 0

2.74 2.72 2.74

171 Ib/ft3 170 Ib/ft3 171 Ib/ft3

5.31 Ib/s2 5.28 Ib~~ 5.31 JMs2
ft4 ft ft4

1.19 It 106 Ib/in2 4.14 It 106 Ib/in2 8.84 It 106 Ib/ln2

0.04 0.06 0.14

0.57 It 106 Ib/ln2 1.95 It 106 Ib/in2 3.88 It 106 1bl In2

5,700 ft/s 10,500 ft/s 15,400 ft/s

17.52 IbIs 32.69 Jb~~ 47.32 Jb/s
j;J In I~

5,870 Ib/ln2 14,990 Ib/in2 28,820 Ib/1n2

75 Ib/ln2 4UO Ib/ln2 1,140 Ib/in2

Mica Micaceous Quartzl te
schist qlMrt zl te

5

10

2.64 2.73

165 Ib/ft3 170 Ib/ft3

5.12 Ib/s2 5.29 Ib/s2
ft4 ft4

2.68 It 106 Ib/ln2 2.65 It 106 IIJ/ln2

0.05 0.05

1.28 It 106 Ib/1n2 1.25 x 106 Ib/in2

8,700 HIs 8,202 HIs

25.78 ~! 25.10 ~IJ~S
In 1n

15,070 Ib/in2 10.760 Ib/ln2

870 Ib/ln2 335 Ib/in2

Pe!Jllat I te

-. ..-.-..------------------

Type I
~. _.- - - - -.---.-------------

...

...

P~rcenl of rock
mass in:

lIam tOUllllal I on
PUller'll I dnl

cxc<lvdlion

Spec if i C !]rav i ty

Spcciflc weitjht

Density ( )

Vouny's modulus (f)

Poissun's r"dUo ( )

Shedr Iliodulus (G)

P ~/<IVCvelocity (Cp)

Cp

Biotite Schist

5

5

2.83

117 Ib/ft3

5.50 l~L~
ft'f

0.86 x 106 Ib/ln2

0.02

0.42 x 106 Ib/ln2

4,750 ft/s

15.12 _~/s
inJ

'_U;ulltilled CUlIllJI"Cssive 3,170lb/in2
sln:utjlh

lenslle slr"clI!Jth

Hud cldssif iC<lUun Uiot ile
schist

Tab Ie 1. - Rock propert I es

Weighted average

.
-"". - --- -. ----------.---.

Type V

Pegmatite

-_._-



axis reduces the possibility of slippage along the schist beds

from the thrust of the arch darn as shown on figure 6. The syn-

clinal fold which strikes diagonally across the darn axis may have

helped to contain grout travel along the foliation planes as the

grout flow would be up-gradient in both directions from the darn axis.

(b) Joints. Stress relief joints were the most signifi-

cant structural defect encountered at the darn site. The relief

joints roughly paralleled the canyon walls. Less predominate high

angle joint sets, low angle "lift" joints and foliation planes

were also mapped and can be seen on figures 5 and 6, and on the

geologic map of the area, figure 7. Three predominate joint sets

mapped near the powerplant site were:

Set A-Strike N 63° W, dip 82° SW (principal stress relief set)

Set B-Strike N 36° E, dip 80° NW

Set C-Strike N-S, dip 43° E

Also, twenty joints were mapped in detail along a 40-foot

horizontal section X-X', from the darn axis upstream along the toe

of the right abutment, as shown on figure 7 upstream from DH-34.

These joints showed strikes ranging from N 64° W to N 80° Wand

dips ranging between 69° SW to 87° NE. Because these joint sets

are nearest the darn foundation they may best represent the joint

system in this area. These joints were spaced from 0.2 to 6.0

feet apart along section X-X' and were closed to open from 1/32

inch up to a maximum of 6 inches. It is assumed that section X-X'

was mapped prior to removal of rock to foundation grade.

Jointing, especially in structure excavations near or on

the surface, had an important influence on the rock excavation

12
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with the most important being the stress relief joints.

Practically all the construction of above ground features on the

left side of the river experienced difficulties which could be

attributed both directly and indirectly to the presence of stress

relief joints. Major stress relief joints and shears are shown by

dotted lines on the geology map on figure 7. Some of these

features were over 350 feet in length and were open 3 to 4 feet or

more at the surface. All but one of these features was located on

the right abutment. The other one was located on the left

abutment and was described as a nearly horizontal joint open from

3 inches to 1.5 feet, and running from 170 feet upstream of the

dam axis to 45 feet downstream of the axis at El. 6,800+. On the

geologic profile Section A-A on figure 8, this open horizontal

feature appears to be closed or absent at the 6,800 elevation.

(c) Rebound of valley floor. Valley stress relief due

to unloading was also expressed by a zone of fractured rock which

extended to a depth of about 80 feet below the top of rock at the

- base of the valley alluvial fill.

(d) Shear zones. Two well developed shear zones were

encountered in the powerplant area and two other possible shear

zones were encountered in angle boring DH-12 at elevation 6,585x

near the center of the dam axis and in DH-IO between elevations

6,735 and 6,745 located at the toe of the left abutment. Neither

of these shear zones appear to carry through to adjacent borings

and may represent near vertical shears striking in an upstream-

downstream direction. Based on a projection of the strike and dip

15







of the two powerplant shear zones there does not appear to be any

correlation of these with the shears found in DH-12 or DH-10.

7. Site investigations. Comprehensive geologic investiga-

tions included: (1) detailed geologic mapping, ( 2 ) diamond core

drilling, (3) excavation of five exploration tunnels, (4) examina-

tion of drill holes by a television drill hole camera, and (5)

seismic surveys.

Geologic studies were also coordinated with horizontal and

vertical jacking tests, Whittemore strain gage measurements,

borehole strain gage measurements, and extensive laboratory tests

for absorption, tensile, compression and triaxial shear, and

creep.

One hundred and eight core-drill holes were completed during

the preconstruct ion investigation with a total footage of approxi-

mately 8,000 feet. Water losses in drilling the exploratory holes

followed by water pressure tests provided data for estimating

foundation grouting and for powerplant dewatering and drainage

studies.

Five exploratory tunnels were excavated. Two tunnels in the

dam foundation and one in the powerplant area were excavated

during the preconstruct ion investigations. Two tunnels were

excavated in the dam foundation during construction. These

abutment tunnels provided data on the severity and orientation of

the surface and stress relief-jointing and were also used as

stations for seismic shots and sites for jacking tests. Four

additional tunnels were excavated during construction for grouting

and drainage.

17



was seen. A vertical joint near the dam toe indicated the rock

above the seam had previously moved about 3 inches toward the

southeast. A Whittemore strain gage site was located across this

III. FOUNDATION PREPARATION

8. Excavation. Abutment keyways were excavated to sound

rock at average depths of about 60 feet measured normal to the

canyon walls as shown in the photographs on figures 9 and 10 and

on section A-A of figure 11. The rock in the valley floor was

excavated to a depth of about 20 feet.

At the beginning of excavation of the left keyway, a series of

stress relief joints located in the rock immediately downstream

from the keyway were found to have an open width as much as 21

inches. These joints were the principal stress relief set having

a strike N 65° W, and a near vertical dip, and extended northwest

from dam axis station 6+75 nearly parallel to the canyon wall.

There was concern that the keyway blasting might open these joints

further. To record any construction induced movement in the

jointed area, a series of chaining points and Whittemore strain

gage sites were insta],.led. No appreciable movement occurred.

seventy-eight l-inch-diamater, groutable rock bolts ranging in

length from 15 to 20 feet were installed in the area for

stabilization.

A wet seam of clay gouge, 1 to 3 inches thick, was uncovered

at elevation 7,090 feet on the toe of the left keyway. This seam

had a general strike of N 50° E and dipped 20° southeast. It was

traced across the entire keyway and into the penstock intake area.

After leaving the keyway area, considerable variation in attitude
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seam to record any movement during construction. Also, the mass

of rock above the seam and downstream from the toe between

elevations 7,120 and 7,080 feet was rockbolted with thirty-two

I-inch groutable type rock bolts which ranged from 20 to 40 feet

in length.

It was necessary to reslope the right keyway from elevation

7,120 to elevation 6,960 to avoid a zone of near-vertical open

joints cros sing the toe. These joints strike N 650 w. (The

principal stress relief set).

Four grouting and drainage tunnels were excavated into each

keyway during construction. The right keyway exploratory tunnel

at elevation 7,085 feet was also used for grouting and drainage.

These tunnels connected with the dam galleries and were located at

invert elevations 6,965 and 6,785 on the left keyway and 6,815 on

the right keyway. The tunnel elevation 6,785 in the left keyway

extends to the powerplant and is utilized as an access between the

dam and powerplant. The surrounding rock at each portal was

rockbolted prior to the initial portal blast for stability and

prevention of overbreak. The other three exploratory tunnels in

the keyways were backfilled with concrete.

A review of the geology indicated that there were no

potentially unstable rock masses in the foundation area. Loads

from the dam were carried into the rock mass in such a manner that

they did not induce instability of the foundation.
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IV. GROUTING AND DRAINAGE

9. Reference. The chapter on Foundation Grouting, Drilling

and Drainage from the Final Construction Report has been repro-

duced as appendix B. Reduced drawings are included for the design

and installation of the drainage, dam-foundation B-holes, and

A-holes; these drawings are referred to in the reproduced text.

The as-built drainage drawing 622-427-1116 was substituted for

622-427-1899 as it included additional drains drilled later.

Other drawings with appendix B, but not mentioned in the text,

include: B-hole design, 622-D-835; left abutment extended curtain

622-D-2435 and 622-427-1118; and left abutment downstream drain

holes 622-D-2388. Drawings for grouting of the stilling basin and

other appurtenant structures were not included.

10. Design and installation. The general plan developed in

the design stage was to use low-pressure consolidation grouting

from the dam foundation followed by a high-pressure deep curtain

grouting from the foundation tunnels and galleries. Drainage

holes were also drilled from the tunnels and galleries.

(a) Foundation drainage. The general scheme was to

drill the drainage holes inclined 10 degrees from the vertical in

a downstream direction after the grouting was completed. The

drain holes in the valley bottom extended about 60 feet below the

base of the dam and below the base of the lowest tunnels. See

drawing 622-D-I056. In the abutment the drain holes formed a

curtain between the tunnels as shown on drawings 622-D-I057 and

1494. Drain holes were also drilled from the powerplant drainage

tunnel which connected to the lowest tunnel (El. 6,785) on the
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left abutment. Drain holes were also drilled to help stabilize

the left abutment downstream as shown on drawing 622-D-2388.

(b) Consolidation grouting. The basic scheme was to

drill four lines of holes to cover the entire foundation area.

The two upstream lines were to be 10 feet apart with the third

line 20 feet downstream of the second line and the fourth line 20

feet downstream of the third line. However, the width between the

lines was narrowed near the top of the dam to maintain four lines

of grout holes. A fifth line was added where the foundation

contact area was wide enough to accommodate a fifth line. The

holes in the bottom were drilled normal to the rock surface and to

a design depth of 70 feet. The holes on the abutments were

drilled at an angle of 30 degrees from the vertical to a design

line that was 50 feet in depth normal to the slope. In the actual

installation the holes were drilled to depths ranging from 20 to

70 feet, and the holes were angled in various directions to

intersect surfacing joints. Several holes were drilled deeper

than 70 feet to a depth range of 90 to 110 feet with one hole in

block 5 having a depth of 143 feet.

The distribution of takes for the B-hole foundation

grouting is shown in table 2: the data were taken from page 3 of

the Drilling and Grouting Operations (L-10) Report for the period

from July 24, 1967 through August 22, 1967, and include all

drilling and grouting except for three remaining holes on top of

block 1, which evidently took 228 sacks. Blocks 1 through 6,

constituting the left abutment, had a take of 18,121 sacks or 58%

of the total B-hole take. Blocks 7 through 12, constituting the
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Table 2

Summary* of Foundation B-ho1e Drilling and Grouting

Period July 24 to August 23, 1967 Total to August 23, 1967

Drilling Take Drilling Take
Block Lin. Ft. No. Sacks Sacks/Ft. Liti. Ft. No. Sacks Sacks/Ft.

1 0 0 983 3,377 3.44

2 0 0 971 417 0.43

3 0 0 2,296 3,945 1.72

4 0 0 4,019 8,651 2.15

5 0 0 3,070 1,049 0.34

6 0 0 2,350 454 0.19

7 0 0 1,290 435 0.34

8 0 0 1,090 1,804 1.66

9 0 0 1,350 1,585 1.17

10 0 0 1,010 1,078 1.07

11 0 0 940 1,202 1.28

12 0 0 1,000 399 0.40

13 0 0 1,260 333 0.26

14 0 0 2,310 452 0.20

15 0 0 3,240 781 0.24

16 0 0 3,035 3,359 1.11

17 0 0 1,456 712 0.50

18 218 12 0.055 2,156 932 0.43

TOTAL 218 12 0.055 33,835 30,965 0.91

*Does not include three holes in block 1 that had a total take of 228 sacks.
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valley bottom, had a take of 6,503 sacks or 21% of the total take.

Blocks 13 through 18, constituting the right abutment, had a take

of 6,569 sacks or 21% of the total take. Several holes on the

left abutment had large takes including one hole on line 2-1/2,

Station 7+64, El. 6,949, with a take of 3,457 sacks.

(c) Deep-curtain grouting. The A-holes for the deep

curtain grouting were to be drilled and grouted after the B-hole

grouting and after the concrete within a radius of 200 feet had

been placed to a height of 120 feet above the foundation rock.

The design grout curtain for the valley bottom showed grout holes

extending to a maximum depth of 200 feet below the base of

concrete with intermediate holes extending to depths of 100 and

150 feet. The holes on the left abutment were to be mostly

drilled from the grouting and drainage tunnels at El. 6,785 and

El. 6,965 extending 390 feet and 310 feet respectively into the

abutment. Additional holes were to be drilled from the top of the

dam. On the right abutment the A-holes were to be drilled into

the abutment to a depth of 200 feet at the base and tapering to

100 feet at the top of the dam. The holes were to be inclined

from the vertical about 30 degrees into the abutment. During the

construction stage, it was decided to add three grouting and

drainage tunnels in the right abutment at El. 6,815, El. 6,965 and

El. 7,085 extending 230 feet, 170 feet and 90 feet respectively

into the abutment.

The basic spacing of the A-holes was set at 10 feet with

provisions for drilling on 5-foot centers and to depths of 310

feet if required by the contracting officer. Holes in the
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grouting and drainage tunnels were drilled parallel to the

upstream-downstream direction with slight inclination upstream.

The idea was to form a continuous curtain from drilling upwards

and downwards from the tunnels. On the left abutment the holes

from the tunnels were designed to bottom out at El. 6,840: and on

the right abutment, the holes were designed to intercept the 200-

foot depth line. The A-line holes were installed in accordance

with the design developed during construction except that some

holes were extended deeper than planned see Drawings

622-427-1624, -1625, -1896 and -1897. The takes for the abutments

and foundation are shown in the tabulation on page 406 of appendix

B.

11. Specifications. The specifications were complete insofar

as the general performance of the work, but the specifications did

not contain minimum requirements for many items such as capacity

of the pumps, mixing tubs and sump agitators, or the minimum

diameter of grout tube through the packer.

12. Grouting methods and procedures. (a) Water pressure tests.

All holes were required to be thoroughly tested with clean water

under continuous pressure up to the required grouting pressure.

The packers were required to provide a seal without leakage under

the full water pressure for a period of 5 minutes, indicating that

the water-pressure tests were for that period of time.

(b) Grout mixes. The data in appendix B indicate that

water-cement ratios for the B-holes varied from 5:1 to 1:1 with

most of the grout being 5:1. Grout mixtures for the A-holes
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varied from 7:1 to 1:1 water-cement ratio by volume with most of

the grout pumped at a 7:1 mix.

(c) Grout injection pressures. The specifications

indicate that pressures up to a maximum of 500 psi may be used in

grouting. The data in appendix B indicate that the pressures used

were as follows:

(1 ) B-Holes - Dam Foundation - Limited to 15 psi at

the collar and increased one psi per-foot depth of hole to the

packer.

(2) B-Holes - Stilling Basin Foundation - Same as

for B-holes in dam foundation except for horizontal holes which

were limited to 10 psi at the collar and increased one half psi

per foot of depth of hole to the packer.

(3) A-Holes - Curtain Grouting - Pressure of 75 psi

at the collar with a gradual increase of up to 500 psi depending

upon depth of hole.

(d) Spacing "of holes and closure. Grouting of B-holes

was accomplished by the split-spacing method of closure with the

primary holes on 40-foot centers. The average unit take of B-line

holes from primary to final closure is not given in appendix B,

but unit takes by grout lines show a reduction in unit take from

0.78 on the original lines to 0.18 on closure holes between the

original and closure lines.

Grouting of the A-holes was also by the split-spacing

method of closure. The tabulations of takes from three orders of

closure are presented on page 407 of appendix B. If the final
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closure holes were on 10-foot centers, the primary holes would

have been 80 feet.

No criteria were found in the available records for final

spacing of holes or for determining that the curtain was tight.

(e) Refusal criteria. The requirements in the speci-

fications were as follows:

"The grouting of any hole shall be continued
until the hole or grout connection takes grout
at the rate of less than 1 cubic foot of the
grout mixture in 20 minutes if pressures of 50
pounds per square inch or less are being used,
in 15 minutes if pressures between 50 and 100
pounds per square inch are being used, in 10
minutes if pressures between 100 and 200 pounds
per square inch are being used, and in 5
minutes if pressures in excess of 200 pounds
per square inch are being used."

(f) Final backfilling of holes. The specifications did

not include requirements for sounding and for final backfilling of

completed grout holes. The grouting report in appendix B does not

contain any record of this work.

13. Asphalt grouting and extended cement grouting of the left

abutment. When the reservoir was being initially filled to El.

7,160, seepage in excess of 400 gpm developed in the powerplant

drainage tunnel in the left abutment. There was also minor

seepage along two prominent shear zones in the chamber excavated

for the powerplant. Exploratory borings were drilled from the end

of the El. 6,965 grouting and drainage tunnel and from the top of

the left abutment. It was found that the seepage path was beyond

the end of the existing grout curtain.

While lowering of the reservoir was being accomplished for

vibration studies, grouting with catonic asphalt emulsion was
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attempted in the exploratory holes. The reservoir during the

grouting period (July-September 1969) ranged from El. 7,075 to El.

7,050. Additional cement grouting was accomplished from November

1969 to February 1970 from the El. 6,965 tunnel and from the top

of the dam as shown on Drawing 622-427-1118. The reservoir level

ranged from El. 7,012 to El. 7,020 during the cement grouting.

The asphalt grouting and cement grouting were described in a paper

by Gebhart (2) .
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v. ANALYSIS

14. Preconstruct ion geologic investigations. The preconstruc-

tion geologic investigations for Morrow Point Dam were exceedingly

thorough and complete. In contrast to several other dams in this

study, the exploration tunnels and the drill holes were located

along the final dam axis and at other appropriate locations.

Except for the troublesome shears encountered in the powerplant

excavations, rock conditions encountered during construction of

Morrow Point varied only slightly from those predicted from the

preconstruction investigations. The seepage path found as the

reservoir initially filled was located landward of the geologic

mapping and drill holes on the left abutment.

With regard to the grout curtain, there is no record on how

the voluminous amount of geologic data was used to design the

grout curtain. There is no record of any analysis of the geologic

data being used to determine the extent of the grout curtain into

the abutments or foundation, or to determine the angles and

spacings of the holes, or to estimate the grout quantities. There

is no record of a geologic or hydrogeological model being made to

show the relationship of the spacing, attitude and openness of

joints and foliation planes to grout take or probable grout flow

patterns.

15. Design. The original design of the dam grout curtain ex-

tended 200 feet below the base of the dam which was approximately

130 feet below the base of the high-water loss zone shown on

figure 8. The B-holes of the consolidation grouting extended to

the base of the high water loss zone in the valley bottom. The
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depth of grouting into the right abutment was appreciably extended

into the abutment by the change made during construction, i. e.

installation of the three grouting and drainage tunnels. The

depth of grouting into the left abutment was also appreciable from

the tunnels provided with the original contract plans and

specifications.

The B-hole grouting on the abutments was accomplished through

holes battered into the abutments. The abutment holes had high

takes as they intersected many open relief joints. The A-holes

had low takes in the zone grouted by the B-holes in the bottom of

the valley and the abutments, indicating that the B-hole grouting

was effective.

The design of the grout curtain did not extend into the left

abutment far enough to intercept the seepage flow that developed

when the pool was raised. However, there was no preconstruct ion

geologic information that indicated a need for grouting to this

depth in the abutment;

It is concluded that the design as modified during construc-

tion was satisfactory although angling of the A-holes into the

abutments would have given a better chance to intersect the relief

joints than the vertical holes used.

It is noted that the board of consultants in their June 1963

meeting suggested that a drift or drifts be excavated in the high

right abutment to more fully explore the stress relief jointing

indicated by cores and log of DH-25. The takes in several water

tests in DH-25 exceeded the capacity of the pump. This suggestion

of the board may have been the reason that the design of the deep
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grout curtain on the right abutment was changed to include the

three grouting and drainage tunnels, although this is not

substantiated in the available records.

The board also suggested deepening of the drainage holes. The

change in the right abutment grouting also increased the penetra-

tion of the drainage curtain into the abutment.

16. Grouting methods and procedures. The specifications

established ascending-stage grouting with packers as the basic

grouting method, but provisions were included to use descending-

stage grouting with packers if directed by the contracting

officer. The records indicate that descending-stage grouting was

probably used only in the valley bottom where artesian conditions

were encountered in several holes.

(a) Specifications. A travel report dated December II,

1967 by L. R. Gebhart covering a trip to the site on November

15-17, 1967 indicated that the contractor had submitted several

drilling and grouting claims, alleging overruns and changed

conditions. The specifics on these claims were not available in

the review documents; hence, it is not known if the claims were

related to the specifications.

It is considered that the specifications should include:

(1) minimum capacities for the mixing and grouting equipment; (2)

minimum diameter of the grout tube through the packer; (3) a

maximum length between the grout supply line from the sump to the

header; (4) range of grouting mixes to be used; and (5) provisions

for sounding and final backfilling of completed grout holes.

The specifications should prohibit the use of a pigtail

as was used on some of the B-holes. The use of a long pigtail
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defeats the purpose of a circulating line. Grout is in continuous

circulation in the line from the header to the sump: however, the

grout in a pigtail is not in continous circulation unless the hole

is on vacuum, and the cement tends to settle out and build up in

the line causing the line to be eventually plugged. Contractors

prefer to use the pigtail as only a single line has to be moved

when a hole is completed.

(b) Water-pressure tests. It is considered that the

specifications should state directly the requirement for a

5-minute water-pressure test for each zone to be grouted. As

written the packer must be tested against the water pressure equal

to the grouting pressure for 5 minutes, but the time for the water-

pressure test with measurement of water takes is not directly

stated.

It is considered that the results of the water-pressure

tests should be used as a guide in selecting the initial grout

mix.

(c) Grout mixes. To reduce shrinkage and bleeding, it

is considered that the thickest grout that the hole will accept

readily should be used. The use of overly thinned grout can also

result in excess travel of the grout beyond the limits of the

planned curtain.

A review of the summary of the daily drilling and

grouting reports indicates that most A-holes were started and

completed with a 7:1 water-cement ratio unless grout leaked to the

surface or into tunnels. Many of the B-holes also used relatively
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thin mixes throughout the grouting even though the hole had a high

take. Examples are as follows:

(1 ) A-hole G-331 (stage depth 25 to 30 feet)

accepted a total of 1,048 sacks of cement at a water-cement ratio

of 7:1 and at pressures from 130 to 25 psi. The maximum rate of

grout consumption was 66 sacks per hour or the equivalent of 57.75

gallons per minute of 7:1 grout. It must be assumed that the hole

would accept the same (or more) in gpm of water. If so, the hole

could have been started with a thicker mix, i.e. 4:1 or 3:1 and

thickened gradually until the hole was taking grout at a

reasonably steady rate at the maximum desired pressure.

(2 ) A-hole G-322 accepted a total of 2,639 sacks of

cement at stage depth of 40 to 46 feet at water-cement ratios of

7:1 maximum to 4:1 minimum. Pressures ranged from 100 to 70 psi

and the maximum rate of grout consumption was 90 sacks per hour or

78.75 gpm for a 7:1 mix. The reduction in water-cement ratio was

probably because grout. leaks occurred in the tunnel walls, the

canyon wall above the draft tubes and in the powerplant drainage

"
tunnel. The water-pressure tests must have also had high takes

and the initial mix could have probably been established thicker

than the final mix used.

(3 ) B-hole on line No. I, block 16, Station 12+34,

accepted 1,744 sacks of cement at stage depth 2 to 17 feet and at

water-cement ratios of 5:1 maximum to 4: 1 minimum. Injection

pressures ranged from 15 psi to O. The maximum rate of grout

consumption was 34 sacks per hour. The inspector recorded grout

and water leaks in the foundation tunnel, and water seeps at the
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rock surface from 50 to 250 feet downstream of the dam. After

having pumped a hundred sacks of cement, the inspector could have

reduced the water-cement ratio to reduce leakage and prevent

the grout from travelling well beyond the area required for

treatment.

In the examples cited above, it is considered that much

thicker mixes could have been used in the grouting. If a hole is

taking grout at a very fast rate with little or no pressure build-

up, the water-cement ratio can be reduced in whole units until

pressure starts to build up: thereafter, the mixes should be

changed gradually in partial rather than whole units, i.e. 5:1 to

4.75:1 to 4.5:1, etc.

(d) Grout-injection pressures. It is considered that

the rules used to establish the maximum permissible pressures are

on the unsafe side and that the rules permit pressures higher than

needed to move grout for the full width of the dam. The rules are

based on the allowabie pressures at the gage rather than the

pressure at the packer, which also includes the pressure due to

the grout in the line between the gage and the packer.

Where open relief joints exist in the abutments in com-

bination with wet seams of clay gouge dipping toward the canyon,

as was found at El. 7,090 in the left keyway, extreme care is

needed to prevent movement of large rock blocks. Pre-bolting of

abutments with open relief joints is a necessary precaution

because even under the best geologic investigations it may not be

possible to determine that presheared horizontal weak seams in the

rock do not exist. Hence, for holes into abutments, even after
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rockbolting, pressure sufficiently only to move the grout the

desired distance should be used. The build-up of a substantial

height of fluid grout over a long distance could create enough

horizontal force to move a large section of the abutment rock.

Although thicker grouts create a higher hydrostatic pressure than

thin grouts the thicker grouts set much quicker and do not spread

over such a long distance. Hence, thicker grouts are safer to use

than thin grouts from a sliding stability standpoint.

A review of the available grouting records indicates that

rules for establishing the maximum pressures on this project were

followed; however, the need for the maximum pressures used is

questioned as per the following examples:

(1) B-hole, line No.5, block 5, Station 7+80.

This hole accepted 228 sacks of cement at a stage depth of 52 to

72 feet (hole was angled 30 degrees from vertical) at pressures

ranging from 65 psi to O. The water-cement ratio was 4:1. The

static head pressure of 4:1 grout at a vertical depth of 45 feet

is 24 psi. Hence the total pressure at the packer with 65 psi at

the gage was 89 psi.

(2) B-hole, line 1, block 2, Station 6+93, rock El.

7,106, pipe angle 30 degrees from vertical. In the stage from 20

to 27 feet the hole had a take of 49 sacks at gage pressures

ranging from 35 to 20 psi with water-cement ratios of 7:1 maximum

to 5:1 minimum and at a maximum pumping rate of 12 sacks per hour.

The maximum pressure at the packer would have been approximately

(35+9) 44 psi. The water level in the hole was at a depth of 27

feet. In this same hole at a depth of 50 to 71.5 feet a gage
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pressure of 65 psi was used with no grout take. The rock in block

2 was located above the wet seam of clay gouge found at E1. 7,070

dipping toward the canyon. Hence the lowest possible pressures to

make the grout flow should have been used in blocks 1 and 2 above

the gouge seam.

(3) In A-hole G-9-2, which was grouted from the

lower foundation gallery, the pressures were increased with depth

with all stages below a depth of 165 feet having a gage pressure

of 360 psi. The hole had a take of 472 sacks at a depth of 180 to

185 feet using a water-cement ratio of 7:1. The total pressure at

the packer was (360+88) 448 psi. With this much take of highly

fluid grout the pressure could have spread over a large area of

the foundation. Computations of effective pressures as were made

for Hungry Horse Dam would indicate that the uplift was excessive.

(d) Spacing of holes and closure. With reference to the

takes in the table on page 407 of appendix B, the progressive

decrease in unit take from primary through the final closure holes

indicates that the voids in the rock were being progressively

filled and that the grouting was effective. In the B-ho1e

grouting, considerable split spacing was used to fill the voids in

the rock, and a limited amount of split spacing was used in the

A-holes. A review of the grouting profiles indicates many places

where additional split spacing of the A-holes to 5 feet or less

was warranted as several 10-foot spaced holes had large take. At

the left end of the grout curtain there were two holes that had

high takes in the area where seepage developed later. Hole G-1016

was the end hole grouted from the top of the dam as shown on
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Drawing 622-427-1896. It had a take of 368 sacks of cement in the

upper 20 feet. At the next level down, hole G-339 was drilled as

a "fanned out" hole from the El. 6,965 tunnel. It had a take of

1,862 sacks from a depth of 50 to 55 feet. Although G-340 had

been previously grouted with no take, it is not understood why

additional "fanned out" holes were not drilled from the end of the

tunnel and from the end of the dam as two holes indicated large

voids in the rock in this area.

As shown on Drawing 622-427-1897, all four end holes

(G-72l, G-8l6, G-9l3 and G-ll09) on the right abutment had large

takes without additional holes being drilled and grouted from the

ends of the two tunnels. Although no seepage problems have

developed on the right abutment, it is considered that ends of the

tunnel should have been used to extend the curtain further into

the abutment, especially because the end holes indicated

appreciable voids in this area.

(e) Refusal criteria. Experience has shown that a hole

accepting grout at a rate of one cubic foot of grout mixture or

less in 10 minutes at the maximum specified pressure is at prac-

tical refusal and the time spent in trying to inject additional

grout is of little or no benefit to the owner. If payment to the

contractor is based on the number of sacks placed rather than by

pumping time, it works a hardship on the contractor to continue

pumping the additional time. Unless the owner maintains close

inspection, an unscrupulous contractor can, and often does, "kill

the hole" by sudden application of high pressure at the grout

header or by "accidently" thickening the mix.
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(f) Final backfill of holes. It is considered that all

completed grout holes should be sounded to determine the level of

solid grout fill and that any voids found should be filled by the

tremie method with thick grout.

17. Asphalt grouting and extended cement grouting of the left

abutment. The asphalt grouting was used in an attempt to reduce

the flow in the large water channels. Gebhart(2) states:

"The amount of leakage into the power plant
drainage tunnel was measured as the reservoir
filled. To obtain the effectiveness of the
asphalt grouting, comparison was made at
comparable reservoir elevations as the reser-
voir surface was lowered during grouting
operations. These figures show that asphalt
grouting resulted in 65% reduction in total
leakage into the drainage tunnel between July
18 and September 9, 1969."

Gebhart also indicated that when the asphalt was encountered

in the later cement grout work it was still plastic and that its

use for long-term blockage under pressure was questionable.

The cement grout .takes in the extended curtain indicate that

the original curtain should have been extended into the abutment

about 120 feet. The core drilling provided in the specifications

could have been used to determine the extent of the voids at the

end of the tunnel as indicated by grout holes G-1016 and G-339.

18. Unexpected geologic conditions encountered during

grouting. The open water channel found in the extended grouting

on the left abutment was unexpected as neither the geologic

mapping nor the drill holes extended this far. If DH-36 and DH-37

had been inclined into the abutment (see figure 8) they would have

had a better chance of encountering the relief joints and other

defects in the abutment.
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19. Grout takes as related to geologic conditions. The grout

takes at this site were in accordance with the geologic

conditions. The site conditions were such that open relief joints

should have been expected in the abutments and crushed rock and/or

sprung beds should have been expected in the valley bottom. These

conditions were confirmed by the surface mapping and by the drill

holes. The angle holes in the abutments had several water losses

in excess of pump capacity, and the zone of high water loss and

high grout takes were in agreement within the areas explored. To

illustrate this point the logs of DH-26 (right abutment), DH-14

(valley bottom), and DH-27 (left abutment) are included as figures

11, 12 and 13.

20. Evaluation of grouting and drainage. The main objectives

of the grouting and drainage are to control the seepage and uplift

wi thin tolerable and safe limits. A secondary purpose of the

B-hole grouting is to fill the voids in the rock directly beneath

the structure to decrease the foundation movements from the dead

and live loads.

The recorded seepage flows for 1980 and 1981 are shown on

figure 14, with the total volume ranging from 30 to 55 gpm.

According to the SEED report these flows are within tolerable

limits. The additional grouting accomplished in 1969 and 1970 was

particularly effective in reducing the seepage flows into the

powerplant drainage tunnel. Without effective grouting of the

relief joints in the abutments and the fractured rock in the

valley bottom,

,

seepage at this site would have been excessive.

The SEED inspection of 25-27 April 1978 found fines adjacent to
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the weir in the powerplant drainage tunnel. It was believed that

these fines were piping from shear zone A. The investigations of

this situation since the SEED report of February 26, 1979, are not

reported.

There are no instruments to measure the uplift on the base of

the dam or to measure the hydrostatic pressures in the joints and

bedding planes of the supporting rock beneath and immediately

downstream of the dam. It can be postulated that the extensive

grouting and drainage has greatly reduced the uplift and

hydrostatic pressures, but a positive evaluation of the pressures

cannot be made without instrumentation.

With regard to the effectiveness of the B-hole grouting in

consolidating the foundation, the draft SEED report indicates the

movement of the dam was more than predicted during initial

loading. This was attributed to closing of joints in the left

abutment. Comparison of movements after initial deformation

indicated the dam was behaving elastically, as predicted. A

review of the B-hole grouting on the left abutment indicates that

the holes were drilled on relatively close centers with moderate

grout takes. Any unfilled joints encountered by the B-holes or by

the A-holes would have been filled with grout. However, as most

joints are partly filled with weathered rock and soil, the cement

grout could not be expected to displace or fill the voids in these

materials. The best method to prevent excessive foundation

deflection is to remove all weathered rock and to remove the

unweathered rock as far as possible until the joints are tight.
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As the

limits,

foundation movements were evidently within tolerable

it must be concluded that the foundation excavation and

grouting were adequate.
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VI. RECOMMENDATIONS

21. Morrow Point Dam.

(1) Piezometers be installed in the bedrock immediately

downstream of the dam as there may be high hydrostatic pressures

in the rock joints even though no seepage is occurring.

(2) Pipes be installed between selected drain holes in

the El. 6,725 foundation gallery to determine the uplift pressures

at the base of the dam.

(3) For Phase II investigations core holes be located to

intercept areas of high grout takes in the foundation and

abutments to determine if the grout has deteriorated.

22. Other large concrete dams.

(1) The preconstruct ion geologic investigations be

expanded to include an analysis of the geologic conditions in

regard to the design of the grouting and drainage programs.

(2) Geologic mapping and angled core drilling in the

preconstruct ion stage be extended into abutments with relief

joints until no evidence of the joints is found.

(3) Specifications contain minimum requirements on the

capacity of mixing and grouting equipment, minimum diameter of

grout tube through packer, and method of sounding and final

backfilling of grout holes.

(4) Consideration be given to use of angled grout and

drain holes in foundation and drainage tunnels located in

abutments with vertical relief joints.

(5) Higher order splits be drilled and grouted on both

sides of holes having high grout takes until the curtain is tight.
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(6) Grouting and explorations be made from the ends of

grouting and drainage tunnels to determine if the grouting has

been extended a sufficient depth into the abutments.

(7) Results of water-pressure tests be used as a guide

in starting the hole with as thick a mix as practical and that the

mix be progressively thickened in accordance with the rate of take

and pressures encountered.

(8 ) Safe grout injection pressures be determined by the

site geologist and engineers for the packer settings in various

reaches of the dam based on effective pressures at the packer with

appropriate consideration given to the topographic and geologic

conditions.

(9) Rock bolting be installed on all abutments with

relief joints prior to grouting.

(10) Grouting program be continuously reviewed by site

geologist and engineer to determine if changes should be made in

the drilling and grouting and to determine if explorations are

needed.
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APPENDIX'

Founrlotion Grouting, DrillinR and Drainage

Introduction

The foundation rock benenth ~torrow Point Datn and adjacp.nt areas "'us

drilled and grouted and !oundntion drninagc was provided by holes
drilled into the .rock. The general plan followed in pressure grout-

ing the rock foundation is outlined below:

(a) Drilling and grouting the rock foundation of the dum with

low-pressurP. shallow (D-hole) grout boles, followed by high-

pressure deep curtain (A-hole) grout holes.

(b) Drilling and grouting the ro~k under the spillway stilling

basin and weir.

(c) Drilling and grouting that part of the rock surrounding the

penstock int~{c structure and penstock tunnels Imn~diately behind
the penstock intake structure.

(d) Grouting the backfill concrete placed in exploration tunn~ls.

(e) Placing grout by the grouting method to complete the place-

ment oi.concrete in tunnels.

(f) Drilling and/or grouting as required, for permanent closure

of the diversion structure.

(g) Drilling and grouting at other locations as directed.

Foundation drainage of the dam and powerplant was provided by drilling

holes into the rock through 3-incb-diamcter pipes embedded in concrete

in the dam foundation gallery and tunnels or drilling directly into
the rock on up-druin holes. All the drilling and grouting wag performed
by Continental Drilling Company of Los Angeles, California, sub-

contractors of the prime contractor.

The first grouting of the project begun in April 1964 when backfill
grouting of the diversion tunnel was started. The foundation grout-

ing was completed in .January 1968. No drilling or grouting was

performed during the periods from May 1964 through July 1965 and

during the winter months of 19&5-1966 and 1966-1967. Drawing Nos.
622-~1056, 622-~1057, 623-~1494 and (;22-D-1800 show t."e general

plan for foundation drainage.
.

Drilling and Grouting Equipment:

All of the "B" hole and "A" hole drilling was performed with Chicago
pneum."\ticNo. 55 drills. Chicago pncw~1t\t1c No. 65 drills were used
.for drilling all down (NX) holes and the sh:l.l1owerNX up drain holes

53



and Chicago pneumatic No.8 drills were used for drilling the d(;eper

NX up drain holes. All drilling was accomplished with diamond bits.

Both plug and core bits were used for drilling l~-lnch (EX) grout
holes. Only core bits were uscd for drilling the 3-inch-diameter

(~) drain holes.

Portable grout plants were set up at various locations for the

different phases of the work. Various sizes of Gardner-Denver or

Worthington duple~ piston-type grout pumps were used, depending upon

the required pu.'T\~ingpressures. A grout plant ct)nsisted of a pur.lp

Dlixing tub an~ agita~or tub in series, each tub having a capacity

of 18 cuhic feet and equipped with air-driven agitator. Grouting
was performed with a gauge equipped header using circulating lines,

through l-inch-diameter flush-joint packer pipe and leather cup

packer~. Fi~ld telephones provided communication between the various

components of grouting activity. See Pboto~raph Nos. P622B-427-3098NA,

P622B-427-~100X; and P6~2B-127-8033NA, and P622B-427-8560NA.

Consolidation Grouting

B-HolEE Dam Found::> t lor:.:

Initi~lly the B-hole foundation groutipg program in the river bottom
was to consist oi 1.lines of holes, Ii1<:=~i;alun 70 :feet deep, 20 feet
apart, parallelin~ the ~pstream fa~e of the dam. T11e lines were

spaced 20 feet ap:lrt exce.pt for the two ~!pstruam lines which Wcre 10
feet apart. After excavation of the toundation had bc'en completed,

the joint systems had not tightened as anticipated and artesian

water flow~ froM drilled grout h01e5 indicat~d that a mor~ extensive

consolidation groutinr;program would ~-' required.

The B-hole grouting program was initi~tcd on Au~ust 2, 196~, ~nd

continu~d throu~1 ~ove~ber 24, 1967, w~en work was shutdown fo~ the

winter. lI~ostof th~ grouting in Elocks 7 throuG'h 13 find.Block I was

accomplished directly fro~ nipples anchored in the rock surface,

except for a few shallow holes in 13locks 7, n, 11 and a pOl.tion of

Block 13 where supplemental grouting was accomplished through riser
pipes exten<i~d through one or mort' concrete lifts. These pil')cR we!.'e

set in the rock in :lreas where surface leaks were very exte:nsi,-e and

it was felt that a nI'>re satisfactory job of consolidation could be

attained. All hales above El. 6755 wp.re grouted from pipes extended

through the concrete nfter one or more lifts had been placed. Phot~
graph No. r6~2D-.127-366lXA shows pipe ~ipp1es installed in the rock

in the Block 1 area.

Holes 1"nth~ river bottom were drilled to intersect cr:\cks anel El1enr
planes at angles val~1ng from vcrt1c~1 to 30 degrees from vertical.
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P622B-427-3098--Curecanti Dr-it - Morrow Point Dam, Colorado
Grout plant located downstream from toe station 9+80 (approx.)o
Upper pair of tanks are the mixing tanks. Lower pair of tanKs
are agitating tankE. Johnson-~~, Spec. No. DC-5915. 8-18-65
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P622B-427-3100 NA--Curecanti Unit - Morrow Point Dam - Colorado--
Typical grouting m9nifold. Hole is beine grouted from nipple.
Johnso~-j~, Specification No. DC-5915. 8-18-65
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P622B-427-8033 NA-- Curecanti Unit - Morrow Point Dam, Colorad:--
View shows a CP drill set up and drilling at sta. 1+35, 10 feet left
of the plane of centers in the stilling basin. Holes in this area are
drilled and grouted through previously placed nipples in the stilling
basin slab. 4-12-67
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P622B-427-8560 NA--Curecanti Unit - Morrow POint Da~
Foundation Tunnels: CP-8 drill drilling up-holes in
foundation tunnel on the left abutmentc 2-28-68
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P622B-427-3661 ~A--Cure~anti Unit - Morrow Point Dam - Colorado--
Dam: View of the Block 1 foundation rock. The forms have been built
to Elev. 7137.5e The form near the center is on the Block 1-2 line"
Johnso~-MK, Speco NOe DC-5915o 8-10-66
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Consid~Y'Rh1f} dil ficu1ty was experienced in grouting these holes

beca"~~ @f excessive leakage at the surface. The grout traveled
through the cracks in the rock for consicerable distances from

the bol~ bein~ ~routed. Irregular jointing was also quite apparent

at depth~ up to 50 feet as several holes leaked grout at the surface

from stagos at this depth. Due to a moderate grout acceptance at

depth 1t was decided to drill some holes deeper than 70 feet to

1nsur(t ;t'Qundati"onqual1 ties.

As grouting progressed up the abutments a small number of additional

holes were drilled beyond the 70 foot maximum depth as specified.

Some we~ drilled to act as a grout curtain upstream of the founda-

tion tunnels and others were drilled when large grout takes occurred

near the bottom of a standard 70 foot hole.

Although 1eal~s in the river bottom are:l were extensive and covered

large areas, leaks on the abutments were usually of the local type

and not serious, with exception of several holes on the left abut-

ment where leakage occurred in the canyon wall downstream from the

dam in the vicinity above the draft tube outlets. See Photograph
.

No. P622B-427-3698NA. These holes usually had large grout takes
and grout leakage which was assessed as moderate. Caulking of

these leaks was impractical and pnsafe due to jointing and the

presence of thin slabs paralleling the canyon walls. Extreme care

was takop in controlling pressure in this area.

All grouting of B-holes was performed using leather cup packers in

conjunction with flush-joint packer pipe. Grout mixtures varied

:from a 5:1 to a 1:1 water-cement ratio, with most of the grout being

5:1. Pressures for B-hole grouting were limited to 15 psi at the

collar of the hole and increased one psi per foot depth of hole to

the packer. A total of 762 holes and 34,,474 lineal feet of rock
drilled accepted 31,193 sacks of cement grout for an average take

of 0.91 ~ack of cement per lineal foot of hole. The layout and

grouting results are shown on Drawing Nos. 6221-427-1570, -1635,
-1636, "1674, -1675, -1703, -1704, -1717, -1718, -1719, -1847 and
-1849.

B-Ho1e~ Stilling Basin Foundation:

The D-hQ}e grouting program specified for the stilling basin founda-
tion r~k consisted of a pnttern of holes 20 feet apart on lines
perpcndjcular to centerline and staggered on 2o-foot centers exten~

ing froffl the toe of the dam to the toe of the weir which is 350 feet
downstr(,llm frot:!the dam. The lines were to extend to El. 6780 on

each cn~yon wall. Holes were to be 70 feet deep in the area of the

river bottom and were gradu:llly decreased to a depth of 50 feet on

the ne~r vertical canyon walls. Lator this pattern was somewhat

modified since several areas of the canyon wall were overhangin~

nnd determined nnsafe to grout using the normal procedure.
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P622B-427-3698 NA--Curecanti Unit - Morrow Point Darn - Colorad0--
View of t!le powerplant open cut area above the downstream portal of
draft tube Noo 1, Grout which leaked out above draft tube No.1 during
the foudation grouting of Block 4 at Elev. 6956+ can be seen in the
right centp.r of the picture. Johnson-MK, Spec. DC-5915. 8-31-66
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Consequently a pattern consisting of a fan and borizontal boles

was designed for grouting the near vertical sections of the canyon

walls.

The B-hole grouting program for the stilling basin was initiated

in February 1967 and continued through August 1967. Wost of the
grouting was accomplished through nipples set directly in the rock.

However, those holes in the near vertical canyon wall section on

the right abutment of tbe weir were grouted through pipe embedded

in the concrete. Grouting was accomplished by the closure method,

~he initial holes bein; on 40 foot centers, starting in the canyon
bottom and progressing upward. All horizontal holes placed in the

near vertical sections were drilled after all other grouting in the

stilling basin had been completed. Grouting of these horizontal

boles then progressed upwards from the lowest horizontal holes

with the upper holes acting as vents, which were then grouted
progressively as they carried a grout return. Pressure for these

horizontal holes was limited to 10 psi at the collar of the holes

and increased one-half psi per foot depth of hole to the packer.

The use of a long pigtail between the grout header and the grout

bole was used so that grouting personnel would be in a safer

position during grouting operations. Pressures for all other holes

were similar to those used in the dam foundation B-boles.

Surface leaks were extensive over most of the stilling basin area
and considerable time was. spent in caulking these leaks by the
contractor in order to seal the foundation rock properly. Grout
mixtures varied from a 7:1 to 1:1 water-cement ratio, with most
of the grout being 7:1. Breakdown of the grout take is shown in
the following table. The layout and grouting results are shown on
Drawing Nos. 622-427-1805, -1806, -1815, -1816, -1817, -1818, -1819,
-1820,-1838, -1841, -1842, -1843, -1844, -1845 and -1846 which are
included in the Appendix and the foll~ving table:

No.of
Holes
73
161
160
69

Location

Weir
Original Lines

Closure Lines

Closure Holes

between original

and closure lines
.

Subtotal 463

Grand Total

51
514

Drilling
Lin.Ft.
4,437
9,940
9,282
3,661

Take
Sacks per foot

1.22
0.78
0.38
0.18

No. Sacks
5,433
7,759
3,513
653

27,320 . 17,358

(Horizoptal Holes)
1,571 1,182

28,890 18,540

0.63

0.75
0.64

"

62'



No. of Drilling Take
Location Holes Lin. Ft. No. Sacks Sacks per foot
Dam Foundation Holes
below El. 6785 36 7,565 2,902 0.38

Dam Foundation Tunnels
Left Abutment 177 16,700 14,492 0.87

Dam Foundation Tunnels
Right Abutment 115 9,462 7,100 0.75

Intake structure 14 8~5 598 0.72
Total 342 34,56~ 25 ,092 0.76

A-Holes - Curtain Grouting:

Drilling of the first deep curtain cutoff holes from the foundation
gallery was initiated in May 1967. A-hole drilling and grouting was

performed continually in conjunction with other drilling and grout-

ing until January 1968.

Drawing Nos. 62~D-l054, -1055 and -1493 illustrate the general lay-

out of the grout hole pattern. This pattern was generally pursued,

with the exception of an additional fan on the end of the left abut-

ment foundation tunnels at El. 6965 and El. 6785. A few of the

holes in the foundation gallery were deepened when grout takes

occurred in the bottom stages of ho~es d~lled to the specified depth.

Grout mixtures used for the ~hole grouting varied from 7:1 to 1:1

watCI-cement ratio by volu:nc with most of the grout pmnped being
7:1 water-cement ratio. Pressure of 75 psi at the collar with a
gradual increase of up to 500 pSi depending upon depth of hole was
used.

Grout leaks throughout the A-hole grouting program were minimal.

A ~ew leaks occurred in the found~tion tunnels adjacent to holes

being grouted. No grout leaks occurred. on the left canyon wall

where leaks from B-hole grouting were dominate.

A total of 343 A-holes were drilled from the dam foundation gallery,
tunnels and intake structure through 34,562 feet of rock and concrete.

These holes accepted 25,092 sacks of cement for an average take of

0.76 sacks per lineal foot of hole. The average grout take in the

foundation rock would be slightly higher than the above figure by

cons~dering only the total depth of rock drilled and neglecting the

footage through concrete. Also grout takes around the periphery

of the dam that previously bad been grouted by B-h01es were neg-

ligible. The layout and grouting results of A-hole grouting are

shown on Drawing Nos. 62~427-1624, -1625,-1896, and -1897 and the

following table:
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Closure Take

Drilling

Lin. Ft. No. Sacks

TaIte
Sacks per foot

Original Holes 5,580 11,061 1.98

First Closure Holes 5,296 5,578 1.05

Semi Closure Holes 9,420 7,947 0.84

Final Closure Holes

Total
14,267
~4,562

506
25,092

0.04
0.76

B-Holes - Penstock Intake Structure:

B-hole grouting in the penstock intake structure area consisted of

vertical holes in the roclt foundation beneath the intake structure
.

and trashrack apron; radial holes in the penstock tunnels immediately
behind the penstock intake structure; and near horizontal holes par-

alleling the penstocks behind the intake structure. Photograph No.

P622B-427-3977NA shows the area prior to placement of concrete.

The vertical holes were drilled and grouted during l~rchand April

1967 through pipes embedded directly in the rock prior to concrete

placement. Initially 70 foot holes were placed 20 feet apart in

order to cover the area adequately. However, during the grouting

process several holes accepted grout in the 50-70 foot stage and

consequently were deepened to a maximum of 90 feet. A total of

485 sacks of. cement-grout was injected into 21 holes which were

drilled a total of 1,345 lineal feet for an average take of 0.36

sack per lineal foot of hole. Most of the grout pumped consisted

of a 5:1 water-cement ratio by volume. Results of grouting these

vertical holes are shown on Drawing No. 622-427-1814.

Radial hole grouting of the penstock ttmnels immediately behind

the penstock intalte structure was performed during April 1967.

The layout of these holes is shown on Drawing No. 622-D-446.

The four grout rings in each penstock tunnel with six radial holes,
each 12 tp 30 feet deep, took 619 sacks in i,190 lineal feet for

an average take of 0.52 sack of cement per lineal foot of b~le.

All of the grout pumped consisted of 5:1 water-cement ratio by

volume. Maximum pumping pressure for these holes was 60 psi and

results are shown on Drawing No. 622-427-1848.

The near horizontal holes paralleling the penstock tunnels immediately
behind the penstock intake structure are shown on Drawing No. 622-D-

1811. These hol~s were all drilled by installing 2-inch-diameter
nipples in the roc1~ face and drill1IlIT the boles from thc top of the
concrete placcl!lcl1tS. After drillin~ a row of holes l~inches in
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P622B-427-3977 NA--Curecanti Unit - Morrow Point Dam - Colorado
Penstock: View of the upstream portal of the penstocks. The areas for
the Intake Structure base slabs has been excavated and are being cleaned
up. Bul~~eads for winter protection are visible in both penstock tun-
~els. Johnson--M.K., Spec. Noo DC-5915. 3-8-67
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diameter, thin wall pipe was installed from the hole to the nearest
concrete form surface and embedded.

Grouting of these holes was not initiated until all holes had been

drilled and all concrete in the intake structure had been placed.

Grouting was initiated on October 4, 1967 and completed on October 13,

1967. One hundred and three holes were hooked and the remaining 47

holes leaked grout from other holes and were valved or capped. Grout-

ing was started on the bottom row of holes with the row immediately

above acting as vents, some of which were hooked as grouting

progressed. Surface leaks were concentrated on the left side of the

intake structure above the fillet at.El. ~l30 to El. 7137. A total

of 2,763 sacks of cement grout ranging from 5:1 to 1:1 water-cement

ratio by volume was injected into 3,778 lineal feet of hole for.an

average take of 0.76 sack of cement per lineal foot of hole. Pressure

for all holes was 25 psi. For layout and grouting results of the

horizontal holes see Drawing Nos. 622-427-1900 and 622-421-1901.

Penstock Liner Backfill

Backfill grouting of the horizonta~ sections of the two penstock liners

at both intake and outlet ends to complete the placement of concrete
was perforn\ed in January and March 1967. The grout was injected through

a grout system installed previous to concrete placement as shown on

Drawing No. 622-D-44G. A total of 3,153 sacks of 1:1 water-cement ratio

by volume grout was injected into the grout systems of the penstock

liners.

Draft Tube Tunnel Backfill

Grout was placed to complete the concrete placement of the draft tube

tunnels in June 1967. Pipes for the grout and vent holes were placed

at high points in the excavated tunnel arch and extended through the

form prior to the placement of concrete. After the tunnel lining had

been placed the pipes were checked with air and those found tight were

drilled into rock with a jackhammer. Grout consisting of a 1:1 water-

cement ratio was pumped into the grout pipes beginning at the power-

plant end of the tunnels. A total of 2,785 sacks of cement grout was

placed into 340 lineal feet of tunnel for an average take of 8.19 sacks

of cement per lineal foot of tunnel. No leaks from the construction
"" tjoints occurred as these contain Type F wa erstop; however, some

negligible 1e~ts did occur from the rock inside the powerplant chamber
and from the rock above the draft tube gate structure.

Exploratory Tunnel Dac1dill

Grout was placed to complete the concrPte backfill of exploratory

tunnels excavated on the canyon walls. This grout was placed through

a grout s)'stt'm installed as shown on Dr:1winG ~o. G~:rIr8!)1. ,\ total

of 322 saclcs of 1:1 water-cement ratio by volume was injected into
the three tunnels for an average take of 2.30 sacks per lineal foot

of tunnel.
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~~~da~ion Drainage

f@~dat!on drainage for Morrow Point Dam was provided by diamond

@r!!!!~g 3-inch-diameter NX holes into the foundation rock down-

%\ra.~m from the grout cut-off curtains. Drilling was initiated

!~ ~eptember 1967 and continued until March 1968. Drawing Nos.
@~~~~056. -1057. and -1494 illustrate the general layout of

\~e ~~~in pattern. This pattern was explicitly followed with

\~~ ~~ception of additional up holes in the EI. 6785 foundation

~~ ~he left abutment. These additional holes were provided to
~ra;~ the area grouted by ~he fan pattern A-holes in the EI.
~965 ~oundation tunnel. Drawing No. 622-427-l8~9 shows the depths

~ ~~l. holes drilled in the dam foundation gallery and tunnels,
~~~c~ consisted of 23,961 lineal fee~ of rock and concrete.

~n addition to the foundation drainage holes from the dam and
~~~dation tunnels, other holes were drilled in the powerplant

~~~nage tunnel. Drilling was initiated in September 1967 and

q.~B.~~nued until January 1968. A total of 5,659 lineal feet of

~Gle was drilled in this tunnel as shown on Drawing No. 622-427-

~~~~,

Misce~laneous Drilling and Grouting

~~ ~arch 1966, the concrete lining of the. control cable tunnel
was backfill grouted through pipes e~bedded in the concrete. A

~Q~a~ of 296 sacks of 1:1 water-cement ratio by volume grout was

~~a~ed in approximately 95 lineal feet of tunnel for an average

\~~ Qf 3.12 sacks per lineal foot of tunnel.

~. ~e 1966 the buttress downstream of the right keyway was
~~~~~l. grouted with 1:1 grout. A total of 83 sacks was injected
~~~~Q pipes embedded in the concrete.

~~~~ Qackfill grouting accomplished was: access tunnel, inside
~~\~~ arch. 3 sacks of cement grout; access tunnel, outside portal.
~~ ~~~ks cement grout; ventilation tunnel, inside portal, 4 sacks
~ ~ment grout. and 3.5-foot by 3.5-foot river outlet conduit,
~ ~~? of cement grout.

~~QUS gravel or french drains placed in the foundatjJn rock

~~ ~~. darn, stillin~ basin and draft tube tunnels were grouted
~ ~ese drains accepted 646 sacks of cement grout.

~~~nental Drilling Company, subcontractor, also performed other
q~~~~~ng 1ncludin~ the following:

IP1-111jnr. l()-inch-di~IT.pt('r concret(~ core specimen!'; - 2~8 f~et

D~Uling NX core in rock and conc1" te - 401 feet
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Diversion Tunnel

Backfill grouting and pressure grouting of the foundation rock

at the diversion tunnel plug section was performed in April and
May 1964. A total of 101 sacks of cement grout was required

for backfill grout ins tho 40 foot section in the tunnel plug

area.

The four rings of four holes each, 30 feet deep, took 3.5 sacks

of 5:1 water-cement ratio by volume grout in 480 lineal feet of

rock and concrete for an average take of 0.008 sacks per lineal

foot of hole. Maximum pumping pressure for these holes was 100 psi

and results are shown on Drawing No. 622-427-1515.

The contractor also performed some pressure grouting immediately

downstream from the bulkhead gate seat, in order to consolidate

the rock near the bulkhead gate area. Pipes at 10 foot centers

were set prior to placing the lining with "four holes on each ring.

These pipes were used for a combination backfill and low pressure

grouting operation. Twenty holes were drilled and grouted in

this area which accepted 474 sacks in 600 lineal foot of hole

tor an average take of 0.79 sack per lineal toot of hole. For

results see Drawing No. 622-427-1516.

Backfill and contraction joint grouting of the tunnel plug was

performed in March 1968. A total of 64 sacks of cement grout

was injected into the system with a holding pressure of 50 psi

at completion. Backfill grouting to complete concrete placement

of the l~inch-dia~eter bypass pipe was also performed in

March 1968. A total of 36 sacks of cement grout was injected

into the grout system with a holding pressure of 90 psi.

Contra~t1oh Joint Grouting

Grouting

Contraction joint grouting of Morrow Point Dam was performed

intermittently between November 1966 and May 1968.

Continental Drilling Company, &ubqontractor for all drilling and

grouting operntions at Morrow Point Dam, performed the contraction

joint grouting with a crew of six to eight men.

The contraction joints in Morrow Point Dam consist of transverse

joints which are separated by metal seals into two areas. A

small area, 4-fcet &-inches wide, which is located near the up-

stream face shall hereafter be designated as a 'TT" and the large

area of tho contr:lct1on .1t)1ntwill be desiVlnted as a ''1'''.The
piping for the c(Jr.t.ra-::tlonjoint" W:1S installed as shown on
Drawing Nos. 622-1>-439, -1124, and -1125. Sumps in Blocks 8 and
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d r i l l e d  " " t i 1  011 od jocenf  g r o u t  ho les  .,?hi, . 
rnlnimorn d ~ l t o n r ~  of 250' nore heen d r r l l r d  ond 
q r o v t t d  

For d e t ~ l l s  o f  foundo1,on g r o v t r n q  and d r c ! n c q r  1 
Dcr tn .  r7oczrg. ond o r r r n t o t z o n  of droraogt r c l r r  rho11 
be 01  show^ Y ~ I C I I  ~ r h e r w ~ ~ e  d8rected b y  the ( 

rul: D n l l l Y D  I " , E l , r D L I  O * C  CfC LI .JC I" ,411 
-- a armavr m!nr SCFETY 

v*,rr.- J ILrr*  
nc.."r"cwr 0 s  ,"C < w r c . , o -  

aJ"S2" 0 ,  ~ ~ C " " ' , ~ O "  

CDLOl lAOO " . Y C I  S T O R A G E  P I O J C C ,  
C Y N N l S D N  D I I I S I O H - C V I E C I N r ,  Y * , r -CoLDR.Do  

MORROW POINT DAM 
F O U N D A T I O N  DRAINAGE 

".... e.r ..a. ........ ,,, ............... 
c...... Aw. .............. 
z.......?csr-.-c .......... 

,..=c. , .- . 1 6 2 2 - D  -10% 
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.. r. r C r ~ . ~ d ~ . . o n  9r0~11nq DM 

2. : 
- Llnc d d r o l n O q r  hole 

,<* ', 
I e r m m o f , ~ ~ ,  

'. - 

,a+ 

5'1  7- 6 .  roundo.,Oo 
go,,rrY .......... P L A N  

~ W O W , # C  900 srarcs *01c1 

701 fh i v  704 

drojnopr t v n n r l  

E L E V A T I O N - R I G H T  A a U l  M E N T  

D E T A I L  2 

C S'J'CIO 1lo.rrd1--.- 

Y 

P L A N  
I M O I I W  I5.#6 A n 0  700 SErlrs MOLES 

T Y P I C A L -  C O N T R A C T I O N  

J O I N T  C R O S S I N G  

P L A N  k snornrr  s w  srerrr *oLrr 

S E C T I O N  A - A  

P L A N  
S*OWrnT 600 SIR1E1 mLrS 

O R I E N T A T I O N  C T  H O L E S  

S E C T I O N  C - C  
1 )  S C 1 J C 5  H O L T S  5 t l t L . l  

S E C T I O N  8-8 

N O T E S  
D lomr rc r  of diomopc holes 5 h o l  be o p ~ r o ~ , m o C I y  3' 
Uole r r  o r n r r r r r e  d#rectcd. dronnopt hole$ shall on be drd1.J 

vnb l  o l l  o d ~ o t m t  grout holrr  nf l rrn o m#n,mvm dn loore  ef 
25d hove been drr l lcd ond p r o u l ~ d  

For defo ,h  of fo~ndofron qioY(!np end dromoq+ lvonrfs. see 
D r p  622-D- 779 

All  drmrnrronr mrosurrd oa E's or q o l b r y  ~r l unw l l .  ~ n h l s  
e l h c r n l c  rmc,f,cd 

Deplh. IPOOnp. ond orlenfo1,On of dromoqe holes I h o l l  be OI 
s h o r n  vnicss o9hcrwr r  dtrccled by thc ran lmr r~np  d l # r r r  

For I h C m  I d  3 ond 2 of 3. src Dwpr 622-0- '056  ond 
622-0-1057 

r r , .  D R A W ~ ~ G  I Y P E R S C O ~ I  owr 6 , s - o . a r  rr PA., ...... 
u*rrco 5 7 . i r s  

DCP.#,"<., 0, ,-= >",S. !O" 
a"SC." 0 -  " l C L l " . r l l l l  

C O L O R A D O  l l l l E I  I T O F A C E  P I O d E C T  
OY*n lSON D I V I S I D I - C Y C E C I U r 1  YnlT- COLLII1IDO 

, M O R R O W  POINT DAM 
F O U N D A T I O N  D R A I N A G E  

....... ........ 
7 3 
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^.' I 
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4 

tG D t  TAIL Z 

, 
I- -. 

./ , - .ksz==-z- ..- - -- . .i.. ,< c =.*, :,,-. 

I l c l : :  T * + +  + -i- A + + I DETAIL r 

-Cf CTION A - A  

;-f P.-sc &/m.t ;-[I *7660:--. .  ..... 6 r , t , ~ ~ . & ~ , , 9  
,r d , > . . , ~  f,m*/ 

, - . ' ~ ~  b, -,.,*. . .  -t - *  .: ,.I! t7fSI? 
E / b l f f O ! - - - .  . - * . ' -6 - I /Yps h e  * - .,>,*, --.-./~,-.4 

I -\ 

, -r,.a,d/;-, I.,. A, 
L-I 

... I 
I 

ZECTION F-F 

S E C T I O N  E-E 
c.,, -.fJ .4:,',-,.=.' '. 

Pi.- 6-C1 r i / . L r r  ; 
.f f ,rF":,*< kc,-- 

NOTES ............... "f,, r............. ..... -.A,, 
6r,'*-,z ,,,O.". 

I... "3' L,.: ircr ...................... ~.. ~ . . ,o:!; .,,:. 
. . ... 

:r . .  .,.-,, 
, : ! D : :  ! . .  p,.: ,.,,. ,,, " ,: ,-, !",, * .r-,< zf d7a,,,.fl ... I :,, e ::----- -. , ' . , r " ir i  nri..F~,c~, - IC lk .*d3:~ 

.*. . . ,. " Lr,,'-.., 
. . -r  e r  I-"",, :. - - T 5 * d p  ,... ,A>-. ...I . . p - -  L m-7"--1 

,rn=: - .  6- -a'* 
2 - - r  ;- r..,.:, I , , +-C-,7 &l?LD e r * ?  K X U 3 t D 1 , ~ .  3 rCI .WCC RC1Y+ : --'' 

: -,I- . I , -- & -. - - 
? .-=.*.- 2:t'- < = 2 , -  6 c :  % \  ::.:: TL.**<L 2.' . z5 .4  >. .->:.c ,.,..-:-: .. - 
, .  . . .A 

--C 
' J -,<- -- 1'5.i*/. F..: ? - z < ,  ...: -. . ~ , J ,2  .r:" ,,. " w , r c D  =:A?<= 

..... I ....,. r I- <.., x p L - , u E ~ r  c. mr ,w7c,.- ... .. . . .  b j : ~ ~ '  L-1 , i - c.. ;-, .,';,--: - .- -,;: L i i  
.""<." w "c-".r,m. 

.... *& - s . 2  ?'-5C.J,,: ,,.<,,-.. - ./-.7- 5 < , . , : - .  L .  :.,:-..: ..., <c.: ,..- 
Yj,, p,, . . - ,- i'-- ;I. i. '. - - - . - ~. 

I . . .  ' 1 *.<,45',:A:r' ,e 
.,:: -. , ...... SECTION C-C r,>:,,, ,,,,.>>: .. a- - ,r 

.',z ("..~.d,: 
F- z r  f - - . , -  L,? . :C ,.,, .:. - SfLT:. lN 6-i 

SfCT ICN B-B SECTION D-D -*. .... 5i .-.-..2-:/..r-..+-* ...... 
................ .... ........ *;.l'.; C S l # * r ( i  YLIIJ --ce ar-Mc..=.=a -...?...;.:...-t?. 

-~nFe.2:;1~."..~~* , r. .c -- -.-4.... 
.: ......., ,:.. .-.. - - .- .... I E - i - i -  . . 3  
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O R I E N T A T I O N  O F  H O L E S  
"OLE5 NO7 I4BULI ITED SMALL 

8 C  45 5ltbwN O# O l A l l N @  

E L E V A T I O N  
orvrLoPro alowc € 3  or muananon c n ~ r ~ r  dn.o 

FOYII111TIOM CIOYTlnC AND Dl ld lNIIDC TYNN.CLS 

..... E D,verr!on tunnel.. 

D E T A I L  I 

P L A N  - L E F T  A B U T M E N T  P L A N  - R I G H T  A B U T M E I , T  

K E Y  E L  E V A  T l O N  
L C F ~  ro i . ; ts r r , r  aaour *airs 

rrocp or h' grouf hole 3 , 
' 

S E C T I O N  8-8 
TIPIC.' 

E raun<;l,in grourrng 
and dro,nogr lunnrl 

S E C T I 0 . V  A - A  
, rPlCI( I  

N O T E S  
Dometer of groul holes rho11 be ow-orlmolefy l;'. 
where oecersory.shifl groul holes Iong~ ludmol ly  or a l ~ n p  

POET l o  C I ~ O I .  S Y T ~ O C C S  of : ? ~ ~ r ~ e l l l  or snarls by 15.. 
For delorls 3f foondohoo :rcuiroo ond drolnooe l ennrh .  . . 

re; ~ w g  622-D-179. 
A l l  drmenrionr measured on E >  orga! le ry  or funnels. 

unle51 o lherv l re  specified 
Deprh, rpairng and oi ienlotloo o 'g rou l  holes ~ n o l l  br or 

shown wliers o l h e r u i ~ e  drrecle9 bv /he CanlreclroC 
or:(cer 

For sheets  2 o f 3  on., J o f ~ . s c e  Dupr 622 -0-1055 end 
6 7 7 - D - I I 9 3  

D - < 7 > - x  '> -- #- * , -6 ,  : "tZG0 Fa c&,v"" ~#~"-:c?"i ,  c.c."..~E. .me= 
C'"C0 ""0 ".O" ""'"3h#' TC ""'"r"' "E' 

.- - > . D O  1 - 
TH1S ORBWING SUPERSEDES DV/G 622-0 -  a36 fN PLRr 

F O U N D A T I O N  G R O U T I N G  
-1. G R O U T  H O L E S  I 





P L A N  
51011h'C C1100 :CRlrS "OLbS 

E L E V A T I O N  - R I G H T  A S U T M E N T  
m v r r c r s o  >Lone t.. or rouvoarro* 

0 4 W T l Y C  AND O l l d m . 6 E  rUNUFLS 

L GBIO ---- 
?. T r o r e  a l  a ' g r o u l  hole 

' r r o e  o r  X g r o u f  hole 
< G 7 J 5 .  -. 

S E C T I O N  A - A  

P L A N  
5~OsvrNC 6600 5 t R i E S  MOLLS 

P L A N  
5 M D l l U B  b900 S t R C S  HOLES 

P L A N  
SXOwiNC S I W  STr)h; H O L Z I  

O R I E N T A T I O N  OF H O L E S  

S E C T I O N  B - 8  

N O T E S  
o,omefer argiaur notes snoii ~r aa~ro r rno fe fy  1:: 

Ri aelor's of roundolioo g i i u t i rg  ond diomoqe 'unnrlr .  re* D*g 622 
0 - 7 7 9 .  

LII  drnenrrons meoiuied on E'S o r ~ o i l e r i ~ s  or 'unnelr vnrrrr alner 
srfd ~ ~ e c t f t e d  

~ e p t h .  rooting and or ienrsl ,m o fq rou*  hcler sholl be or r:crn 
"",err o lher r l l e  dirFCfFd by ,/;e Co,,lortinp o r f r t c r  

For rnaslr  i of J ond 2 or  3. see Dwqr 622 - 0 - iC5r ond 
612 - 0 - i 05J  

MORROW POINT DAM 
F O U N D A T I O N  G R O U T I N G  

2' G R O U T  H O L E S  



a " " Z I "  Or T E C i l W . T I O *  

C D L D R L D O  R I V E R  STOF1AGE PROJECT 
G L J N N I S D N  D I V I S I O N - C Y I 1 E C A N T I  U N I T - C O L O R A D O  

MORROW POINT DAM 
F O U N D A T l D N  G R O U T I N G  

GROU T l N G  E X P L O R A T I O N  

a I - L I .  eDLD.lOO. I..,..- 1 6 2 2 - 0 - 2 4 3 9  



E o r  tunnel 

PLAN - Er 7165 f 

VExtrfrng grout h o k r f l  

SECT/ONAL PLAN THRU .-UNNEL 

SECTIONAL PLAN - cr 7025 f 

NOTES 

frnol locaiiar or bale* To Or deteirired m field 
DI o f  holr 15 meOIvred f rom borrrontol down ercrpt 

G H S  thro i~ which ore mrorvi~d i p  from the 
horllo"rD1 

O / P I S I " C X I  OF 7°C ,*icein" 
su#<a" 0, " L G ' # " . S < " #  

C o ~ o l l l O O  ' I I V C R  S i O 8 i G t  PROJECT 
DUNNiSDN O I V I S I O N - C U ' I E C I I N r I  "n,T-Co'ORIIDO 

M O R R O W  P O I N T  D A M  
fOU/I'DATION GHCUTING 

, ...... . .. ...: ;.i,:. .rr...r,rrs.~ni.'E,2!re?. .-- ------- 
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DRAIN HOLE DATA 
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APPENDIX C

DOCUMENTS REVIEWED (not listed in Appendix A)
(Project titles abbreviated)

1. "Morrow Point Underground Powerp1ant Rock Mechanics
Investigations", Bureau of Reclamation, Denver, Colorado, March
1967.

2. Technical Data Workbook, Morrow Point Dam, undated.

3. Final SEED Report, Morrow Point Dam, February 26, 1979.

4. Specifications No. DC-5915 Morrow Point Dam and
Powerp1ant, "Pressure Grouting" and "Drainage", pp. 81-99.

5. Monthly Drilling and Grouting Operations (L-10) Reports,
August, September, October, November 1965, April through November
1966, February 1967 through February 1968.

6. Final Construction Report, Morrow Point Dam and
Powerp1ant, 1971; Foundation Grouting, Drilling and Drainage,
pp. 396-411; Experimental Cationic Asphalt Emulsion Grouting,
pp. 539-551 and pp. 635-636.

7. Cationic asphalt emulsion grouting of left abutment - six
miscellaneous documents.

8. Memorandum dated July 22, 1965 from Field Engineer,
Morrow Point, to Field Personnel, Morrow Point, subject:
"Delineation of authority and responsibility among the various
Field Force Branches".

9. Memorandum dated March 9, 1967 from E. B. Anderson to
Grout Inspectors, subject: "Checking Gage Savers".

10. Memorandum dated August 15, 1966 from E. B. Anderson to
Grout Inspectors, subject: "Preparation of Drilling and Grouting
Reports" .

11. Memorandum dated March 18, 1967 from E. B. Anderson to
Grout Inspectors, subject: "Grout Holes Making Water".

12. Memorandum dated August 19, 1966 from E. B. Anderson to
Grout Inspectors, subject: "Preparing and assembling drill and
grout reports".

13. Memorandum dated June 17, 1966 from Chief, Grouting and
Technical Installation Branch, to Chiefs of General Inspection
Branches, subject: "Procedure for Checking Grout Systems".
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14. Travel report dated April 20, 1967, from L. R. Gebhart,
Engineer, to Chief Engineer, subject: "Foundation and contraction
joint grouting, Morrow Point Dam".

15. Travel report dated December 11, 1967, from L. R. Gebhart
to Chief Engineer, subject: "Foundation and contraction joint
grouting, Morrow Point Dam".

16. Letter dated November 3, 1967 from Chief Engineer to
Project Construction Engineer, Montrose, Colorado, subject:

"'A' line grouting, Morrow Point Dam".

17. Letter dated November I, 1967, from Acting Project
Construction Engineer to Project Manager, Johnson,-M-K, subject:
"'A' Line Grouting, Morrow Point Dam".

18. Letter dated October 16, 1967, from Chief Construction
Engineer to Project Construction Engineer, Montrose, Colorado,
subject: "Leakage between formed drains in Block 10 Morrow Point
Dam".

19. Letter dated October 19, 1967 from Project Construction
Engineer to Chief Engineer, subject: "Curtain Grouting, Morrow
Point Dam".

20. Letter dated October 18, 1967,
Project Construction Engineer, subject:
Hole Curtain Grouting".

from Project Manager to
"Morrow Point Dam - "A"

21. Letter dated March 21, 1967 from Acting Chief Engineer to
Project Construction Engineer, subject: "Drilling and Grouting
Morrow Point Dam" (your. letter dated March 8, 1967).

22. Letter dated March 8, 1967 from Project Construction
Engineer to Chief Engineer, subject: "Drilling and grouting,
Morrow Point Dam".

23. Letter dated December 15, 1966 from Acting Chief Engineer
to Project Construction Engineer, subject: "Stilling Basin,
Morrow Point Dam", (your letter dated December 2, 1966).

24. Travel report dated December 7, 1966, from L. R. Gebhart
to Chief Engineer, subject: "Initial contraction joint grouting,
Morrow Point Dam".

25. Letter dated April 26, 1966 from Project Construction
Engineer to Project Manager, Johnson-M-K, subject: "Transmittal
of Drawings, Morrow Point Dam".

26. Letter dated April 18, 1966, from Chief Construction
Engineer to Project Construction Engineer, subject: "Transmittal
of construction drawings, Morrow Point Dam".

27. Drain flows, Morrow Point Dam, 1980-1981.
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Mi Jon of the Bureau of Reclamation 

The Bureau of Reclamation of the U.S. Department of the Interior is 
regoonsible 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 laembrid lands in the West" today covers a wide range of interre- 
lated functions. These include providing municipaland industrial water 
supplies; hydroelectric power generation; irrigation water for agricul- 
ture; water quality improvement' flood control; river navigation; river 
regulation and control; fish and wildlife enhancement; outdoor recrea- 
tion; and research on water-related design, construction, materials, 
atmosheric management, and wind and solar power. 

Bureau programs most frequently are the result of close coopemtion 
with the U.S. Congress, other Federal agencies, States, local govern- 
men ts, academic institutions, water-user organizations, and o ther 
concerned groups. 

A free pamphlet is available from the Bureau entitled "Publicatibns 
for Sale." I t  describes some of the technical publications currently 
available, their cost, and how to order them. The pamphlet can be 
obtained upon request from the Bureau of Reclamation, Attn D-822A, 
P 0 Box 25007, Denver Federal Center, Denver CO 802250007. 




