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� Qualitative Design
� Example: Depth of holes equal to height of dam

� Vertical Holes –
� might or might not be appropriate depending on

geology
� Unstable Grouts –

� Typically neat cement grouts
� Pressures – Based on usually conservative rules of

thumb
� Data Acquisition – Dipstick and Gauge Technology
� Data Recording - Inspector at each header manually

recording and plotting grout take versus time with
average pressure recorded.

The Old Way of Grouting



Data Collection & Monitoring (2000)



PROGRESS / ANALYSIS PROFILES

Analysis (2000)



� Quantitative Design
� Intensity of Grouting consistent with design

assumptions and requirements
� Hole Orientation and Depth selected consistent with

site geology
� Stable Grouts with multiple admixtures
� Pressures – Maximum safe pressure utilized
� Data Acquisition – Flowmeters and Pressure

Transducers
� Data Recording – Computer Monitoring by

experienced Engineer of Geologist

The New Way of Grouting



AdvantagesAdvantages
�Measurement Accuracy Significantly Improved
�Real Time Data is obtained (2-10 seconds vs. 5-15

min.)
�Allows one to use higher pressures with confidence;

Dilation and Lifting easily picked up on screen
� Formation Response to procedure changes (mix or

pressure) are known immediately
�Accelerates the Work
�Reduces Inspection Manpower Requirements
�Permits reallocation of resources to analyze

program results and recommend cost effective
program modifications.
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Grout Take Lugeons

S 5B 11S \4 0_60g rt
T im e F low G au g e. P . E ff. P . Ap parent G r. R a dius G r. T a ke M arsh T im e S pe cific
(sec.) (L/m in.) (p si) (p si) L u V alu e (ft) (L) (sec.) G ra vity

0.0647 22.973633 0 -10.2 0876 731.4338 34 0.10689 4 0.743197 38 1.32
0.15975 24.5 0 -11.521 78 0.0 15 0.20 8 2 .999 38 1.32

0.253 58333 23 .828 0 -10.944 75 8.6 39 0.27 9 5 .267 38 1.32
0.34745 20 .654 0 -8.214 65 7.5 91 0.35 5 7 .354 38 1.32

0.4414 1 8.03 0.14 6 -5.811 57 4.0 32 0.42 4 9 .172 38 1.32
0.535 31667 17 .603 0 -5.59 56 0.4 29 0.46 6 10 .845 38 1.32

0.62925 18 .152 0.87 9 -5.183 57 7.9 18 0.49 4 12 .524 38 1.32
0.723 23333 17 .053 0 -5.117 5 42.94 0.54 2 14 .178 38 1.32

0.81725 16 .992 1.24 5 -3.82 54 0.9 97 0.57 3 15 .779 38 1.32
0.911 23333 1 6.26 0 -4.435 51 7.6 78 0.61 4 17 .341 38 1.32

1.0053 16 .138 2.7 1 -1.62 51 3.7 91 0.64 3 18 .865 38 1.32
1.099 28333 1 5.71 1.24 5 -2.717 50 0.1 89 0.67 7 20 .362 38 1.32

1.19335 20 .654 12 .23 1 4.017 16 3.6 89 1.23 1 22 .072 38 1.32
1.287 36667 23 .035 16 .62 6 6.365 11 5.2 25 1.53 4 24 .126 38 1.32
1.381 41667 22 .791 16.2 6 6.208 11 6.8 73 1.5 9 26 .281 38 1.32
1.475 51667 22 .668 19 .18 9 9.243 7 8.0 81 2.02 3 2 8.42 38 1.32
1.569 58333 22 .791 19 .55 6 9.504 7 6.3 44 2.12 2 30 .558 38 1.32
1.663 66667 22 .363 18 .82 3 9.139 7 7.9 05 2.17 2 32 .682 38 1.32
1.757 76667 22 .058 18 .45 7 9.036 7 7.7 24 2.24 3 34 .772 38 1.32
1.851 86667 22 .485 19 .18 9 9.401 7 6.1 53 2.33 3 36 .868 38 1.32
1.916 71667 22 .546 19 .92 2 10.081 71.21 2.4 6 38 .328 38 1.32
2.010 83333 2 2.18 19 .55 6 10.029 7 0.4 11 2.54 1 40 .433 38 1.32

2.10495 22 .302 20 .28 8 10.657 66.63 2.67 9 42 .526 38 1.32
2.169 81667 21 .631 19 .92 2 10.868 6 3.3 68 2.79 3 43 .951 38 1.32
2.263 98333 21 .936 21 .02 1 11.704 5 9.6 71 2.94 4 46 .002 38 1.32

2.35805 21 .936 21 .75 3 12.437 5 6.1 57 3.10 2 48 .065 38 1.32
2.452 21667 21 .814 22 .85 2 13.64 5 0.9 17 3.32 7 50 .125 38 1.32
2.546 28333 21 .387 20 .65 4 11.81 5 7.6 54 3.1 9 52 .157 38 1.32
2.640 36667 21 .753 21 .38 7 12.228 5 6.6 39 3.2 8 54 .187 38 1.32

2.735 21 .082 20 .65 4 12.073 5 5.5 96 3.37 2 56 .213 38 1.32
2.829 21667 21 .509 22 .11 9 13.17 5 1.9 96 3.54 8 5 8.22 38 1.32
2.923 51667 21 .692 23 .21 8 14.111 4 8.9 41 3.72 1 60 .257 38 1.32

3.01835 21 .936 24 .68 3 15.366 45.45 3.92 7 62 .325 38 1.32
3.112 98333 21 .082 21 .75 3 13.171 5 0.9 59 3.76 9 64 .361 38 1.32

FLOW (liters/minute) vs. TIME (minutes)
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APPARENT LUGEONS (Lu) vs. TIME (minutes)
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Level 2 Technology

Key:
Automatically obtained by system

Obtained with moderate additional effort

Obtained with significant additional effort





PROGRESS / ANALYSIS PROFILES



SAMPLE TEXT FILE (CAGES OUTPUT)

PROGRESS / ANALYSIS PROFILES

B-Line Section 4
Bays 1-11 20-40 ft

0

10

20

30

40

50

60

Primary Secondary Tertiary Quaternary

Hole Series

Lu
ge

on
 V

al
ue

s

B-Line Section 4
Bays 1-11 20-40 ft

0

50

100

150

200

250

300

Primary Secondary Tertiary Quaternary

Hole Series

G
ro

ut
 T

ak
e 

(L
ite

rs
)

B-Line Section 4
Bays 1-11 20-40 ft

0

50

100

150

200

250

300

Primary Secondary Tertiary Quaternary

G
ro

ut
 T

ak
e 

(L
ite

rs
)

0

10

20

30

40

50

60

Lu
ge

on
s

Grout Take Lugeons

S 5B 11S \4 0_60g rt
T im e F low G au g e. P . E ff. P . Ap parent G r. R a dius G r. T a ke M arsh T im e S pe cific
(sec.) (L/m in.) (p si) (p si) L u V alu e (ft) (L) (sec.) G ra vity

0.0647 22.973633 0 -10.2 0876 731.4338 34 0.10689 4 0.743197 38 1.32
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1.757 76667 22 .058 18 .45 7 9.036 7 7.7 24 2.24 3 34 .772 38 1.32
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2.169 81667 21 .631 19 .92 2 10.868 6 3.3 68 2.79 3 43 .951 38 1.32
2.263 98333 21 .936 21 .02 1 11.704 5 9.6 71 2.94 4 46 .002 38 1.32

2.35805 21 .936 21 .75 3 12.437 5 6.1 57 3.10 2 48 .065 38 1.32
2.452 21667 21 .814 22 .85 2 13.64 5 0.9 17 3.32 7 50 .125 38 1.32
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2.735 21 .082 20 .65 4 12.073 5 5.5 96 3.37 2 56 .213 38 1.32
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Level 3 Technology

Key:
Automatically obtained by system

Obtained with moderate additional effort

Obtained with significant additional effort









• Lugeon Value < 6 = Purple

• 6 < Lugeon Value < 10 = Green

• 10 < Lugeon Value < 50 = Lt. Blue

• 50 < Lugeon Value < 75 = Yellow

• Lugeon Value > 75 = Red









Interactive Geology
• Logical organization of Geotechnical and Geological Data

• Electronic link between data

• Eliminates sorting through paper logs, photographs, lab test results,
etc. to interpret conditions



• Typed boring logs and stick logs are inserted
into AutoCAD file

• Detailed geologic profile generated

• Data is linked using Hyperlinks

Hot spot on Stick boring log links to
view of drilling log



Red text on drilling logs indicates additional linked information.

Core Run ID links to photo of recovered sample

Comments links to photo of core box

In this case a tool
drop and loss of
water return was
noted.
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Test Section - Lugeon Values in Liston Creek

(P & S Combined on A-Line)











� Computer monitoring and and analysis of grouting has
come of age as a reliable and effective tool for better faster
and less expensive grouting.

� When combined with proper investigation, design, and
contract mechanisms, real time data collection and analysis
by a competent grouting engineer or geologist results in
engineered grout curtains constructed with dependable
predictable performance with virtually the same degree of
confidence in quality as visible above ground construction.

Summary



Drain Outlets at Toe of Dam Project Success



QUESTIONS

Trent L. Dreese, P.E.

Gannett Fleming Inc.

tdreese@gfnet.com

717-763-7211, ext. 2686


