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ABSTRACT

Grouts are intended to provide an annular seal that prohibits movement of surface contaminants through this
space over extended periods of time. The Nebraska Grout Task Force (NGTF) conducted an in-situ study
of the stability of grout materials in northeast, central, and southwest Nebraska after investigators observed
cracks and voids in the grout column of a well constructed with clear PVC casing. The Technical Team made
these observations using a down-hole video camera 16 months after the well was constructed. Between 2002
and 2004, the team installed 63 grout observation wells using clear polyvinyl chloride (PVC) casing. Grout
materials included bentonite slurry, bentonite chip, geothermal bentonite slurry, and cement-based grouts. The
team performed down-hole video camera surveys several times on each well over a two-year period culminating
with dye tests in cach well.

The two-year study of bentonite slurry grouts, completed in 2005, confirmed that sediment particle size and
moisture content have the largest impact on the stability of these grouts. Dye test results from the NGTF
expanded study indicated that hydrogeologic conditions in southwest Nebraska had the worst impact on these
grouts. This site is in the semi-arid climatic zone where the unsaturated zone sediments are dominated by silt-
sized particles. Conditions at the central site had the least impact on bentonite slurry grout. The sediments there
are mainly sand-sized particles and the area is in the subhumid zone.

The Technical Team used the percentage of the unsaturated zone penetrated by dye to rate the performance of
each grout, with the lowest percentage indicating the best performance. The results indicate that sand-cement and
bentonite chip grouts performed the best with 24% and 27%, respectively. Results for the other cement-based
grouts were between 37% and 48%. The bentonite slurry with more than 20 percent solids and the geothermal
grout with sand results were 65% and 67%. The bentonite slurry with 20 percent solids results indicated that
75% of the unsaturated zone was penetrated. These data suggest that bentonite slurry with less than 20 percent
solids and geothermal grout without sand performed the worst with 86% and 87%, respectively.
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conformed to the rating code system originally adapted
for this study. We assigned the rating codes to depth
intervals with greater confidence compared to the other
grouts included in this study. Greater confidence in code
assignments with bentonite grouts can also be attributed
to consistent visual characteristics of the seal materials
at the individual sites when compared to cement grout
installations. The visual assessment of cement product
wells proved to be challenging. The use of different
cameras, varied camera views, excessive condensation,
and apparent discoloration of the casing were factors
that madec this analysis difficult.

One of the most difficult conditions to assess was
the detachment of the cement-based grouts from
the casing. The cement-based grouts also had many
small openings that were termed by the NGTF as
inconsistencies that needed to be accounted for in the
assessment of these grouts. Therefore we expanded
the coding system to account for these additional
grout characteristics. The revised rating system for
cement-based grouts was 1 = Good, 2 = Cracks or
small inconsistencies, and 3 = Voids or detachment
from casing.

The results of the camera survey assessment are
presented in this publication as average ratings. In
order to focus on the material and not specific products,
average ratings were calculated for each grout recipe
when more than one installation used this recipe. Site
average ratings were also calculated for comparison
between sites.

3.2 Original Dye Tests — 2004-2006

The Technical Team based the results presented in
this publication on observations made in the field
at the time of the test. NDHHS field personnel
recorded these observations on the dye test field
forms and included time, depth, and dye detection
notes. When the results appeared anomalous, some
of the videos were reviewed on a larger screen to
confirm the results. No attempt has been made
at this time to review all of the videos on a larger
screen with more resolution.

The Technical Team used the maximum depth at
which the dye was detected as the primary means to
compare the performance of different grout materials

ateach site. In instances where different products were
used but mixed in the same proportions, the average
maximum depth of dye was calculated in order to focus
on the material and not on the individual products or
drilling practices of the industry supplier. Average
maximum depth of dye detection was considered
when comparing the performance of the grout types
to the different hydrogeologic conditions at the three
to five sites. However, because the thickness of the
unsaturated zone varied between 13 and 134 feet, the
percentage of the unsaturated zone penetrated by the
dye was calculated in an effort to lessen the impact
of this variation. For the geothermal installations the
water level at the time of the test was estimated from
transducer data obtained from the water table well at
each site,

3.3 2007 Dye Tests

After completion of all the initial dye tests, the NGTF
raised questions related to the ability to replicate the
results of these tests and the potential longer term dye
movement in the installations prior to 2004. Therefore,
in the summer of 2007, the NDHHS personnel retested
all grout observation installations using the same
procedures as used in the original tests. These tests
also included a camera inspection twenty-four hours
after the new dye was introduced. The dye used was
changed to food grade Rhodamine WT to be sure that
the test results were not impacted by the original dye
tests. The one-hour dye test results of the 2007 tests
were used to assess the ability to replicate the results
of the original dye tests. The results of the 24-hour
inspection of the bentonite slurry and chip installations
were used to compare longer-term dye movement in
these grouts as compared to the 2006 longer-term dye
movement in the cement-based grouts.

3.4 Comparison of the Nature and
Performance of Grouts
The Technical Team performed comparisons of the
results of the visual assessment and the maximum
depth at which dye was detected on all installations.
The depth of dye detection from the original tests was
plotted on individual visual rating graphs. To provide
a means of comparison each installation was assigned
to one of three groups. Group A was considered a good
correlation between results. The maximum depth that















the Grand Island wells was more typically rated 1 and The results of the visual assessment of the chip well
2 (Fig. 25). videos revealed few overall inconsistencies in all three
wells. The grout seal at Pilger appeared well hydrated
with a smooth texture. At the Trenton site the well
seal also appeared to be in good condition overall with
the exception of several small voided areas. The chip
seal at this site did not appear to be as well hydrated as
the seal at the Pilger site. It often appeared chunky or
coarse in appearance above 27 feet. The grout column
at the Grand Island site also appeared to exhibit a

somewhat less hydrated appearance in some arcas
(Fig. 26).

Figure 25. Small cracks in Grand Island bentonite slurry.

The results of the visual assessment of the bentonite
slurry grout nature are shown in Table 6. The average
ratings at the Pilger and Trenton sites indicate that
the bentonite slurry grouts with higher percentages
of solids have less cracking and fewer voids. This is
also supported by the grout average rating of all the
variable percent solids at the three sites. However, the
results of the Grand Island grout assessments do not

support this conclusion. Figure 26. Grand Island bentonite chip grout.
TABLE 6
AVERAGE VISUAL RATINGS FOR ALL GROUTS
- Trenton or
Grout type Ml;;kg:;tﬁgne ?s::::((li Lake Averag_e visual
McConaughy rating
Bentonite < 20 % solids (3 wells per site) 2.7 1.4 2.7 2.3
Bentonite = 20 % solids (3 wells per site) 2.1 1.7 2.2 2.0
Bentonite > 20 % solids (3 wells per site) 1.9 1.6 2.0 1.8
Bentonite slurry average 2.1 1.6 2.2 2.0
Bentonite chip 1.0 1.5 1.3 1.2
Geothermal ~20% solids (3 per site) 2.8 2.6 2.9 2.8
Geothermal-sand ~60% solids (3 per site) 2.8 2.5 2.8 2.7
Geothermal slurry average ‘ 2.8 2.6 2.9 2.8
Neat cement with 6 gallons of water 1.6 1.4 1.3 1.4
Neat cement with 7 gallons of water 1.9 2.0 1.6 1.8
Cement with bentonite 1.3 1.9 1.6 1.6
Cement with sand 2.4 1.3 1.2 1.6
Concrete 1.6 2.5 2.0 2.0
Cement-based average 1.8 1.8 1.5 1.7







ratings of 1.8, whereas the Trenton site average was
1.5, These results would indicate that the cement
based grouts appeared more consistent in the Trenton
environment.

Comparison of the appearance of the two different
neat cement mixes indicates that the grout with 6
gallons of water per bag of cement is more consistent
than the mix with 7 gallons of water per bag. This is
supported by the results on the individual sites and the
average rating of all three sites. Comparison of the
cement with sand grout ratings from site to site shows
a wide variation of appearance. This grout rating was
the worst at the Pilger site, with a rating of 2.4, and yet
it was rated the best of the grouts at the Trenton site,
arating of 1.2,

The average ratings for the different cement grout
recipes indicate that concrete grout is visually more
inconsistent then other cement grouts. This could be
a seal performance issue or be related to the inclusion
of coarse aggregate that would make this grout appear
to have a coarser texture. Other considerations with
concrete grout are mixing and placement methods.
During placement of this grout at the Trenton site
there were larger than specified aggregates and clots
of unmixed or dried cement. Therefore, off-site bulk
mixing of grout material by contractors with little
knowledge of well construction should be questioned.

We used average ratings to compare the observed
nature of the varied grout materials at the Pilger, Grand

Island, and Trenton sites. The results are presented
in Table 7. Bentonite chip grout appeared the most
intact. The average ratings for cement-based grouts
were generally low, except for the concrete grout. The
average rating of the bentonite slurry grout with more
than 20 percent solids is comparable to most of the
cement-based grouts.

The geothermal grouts had the lowest visual ratings.
Some of the loop installations used the same mix as
the 20 percent solids bentonite slurry wells installed in
2002. However in the loop installations with the same
grouts appeared less intact at the same site. This would
indicate that geothermal loop installations cannot be
compared to the 4-inch well installations.

5.3 Grout Performance - Original Dye Tests
We based grout performance on the assessment of
the maximum depth that dye was detected. Surface
completion for this study is not typical of standard
well completions. In order to compare the various
grouts using dye tests, a 1-foot thick layer of sand
pack was placed directly on top of the grout column
within the protective steel cover (Chapter 2, Section
5). Additional head was obtained by placing the
220-gallon dye tank in the back of a pickup truck
to ensure movement of dye through any permeable
arcas of the grout column. This engineered surface
completion design that created artificial head must
be kept in mind when considering dye penetration
depths.

TABLE 7
OVERALL AVERAGE VISUAL RATINGS

Visual ratin
Grout type (Al installations)
Bentonite chip 13
Neat cement with 6 gallons of water 1.4
Cement with bentonite 1.6
Cement with sand 1.6
Bentonite slurry >20% 1.8
Neat cement with 7 gallons of water 1.8
Bentonite slurry =20% 2.0
Concrete 2.0
Bentonite slurry <20% 2.3
Bentonite geothermal-sand ~60% 2.7
Bentonite geothermal ~20% 2.8
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The maximum depth of dye detection is based on data
recorded on dye test field forms completed during
the dye tests. Figure 31 shows dye in a void within
a bentonite slurry grout. Figure 32 shows the yellow-
green dye in the dye reservoir. As is evident from these
video clips, detecting the dye from a single picture is
difficult. However, the dye is more easily detected
when viewing video sequences.

Figure 31. Dye detected in a void in bentonite
slurry grout column.

Figure 32. Dye detected in dye reservoir.

Dye was detected below the dye reservoir in all of the
bentonite slurry wells except for two at the Trenton
site. Review of the field notes recorded during the
drilling process indicated that of the 27 wells only
these two wells lost circulation due to surface cracks
during drilling operations. Since more than 100 and
180 gallons of dye were used during the one-hour
tests, it is probable that the dye moved away from the
annular space through these surface cracks.

The results of the dye tests at the Pilger site indicate
that the performance of the bentonite slurry grout
improves with increased solids content (Table 8).
However, the results at the Grand Island and Trenton
sites do not fully support this conclusion. When the
average maximum depth of dye detection for all the
installations are calculated for each percentage of
solids, the results again indicate that an increase in
solids content improves grout performance. These
differences in results may be related to lack of control
inherent in field studies or possibly related to the
variable bentonite slurry products used in this study.
Both hypotheses could be supported by the range of
maximum dye detection for each category of solids at
the individual sites.

We calculated the percentage of the unsaturated
zone that the dye penetrated for each well in order
to compare grout performance between sites. The
water level recorded at the time of the dyc test was
used for calculations at the Grand Island and Trenton
sites, which resulted in site averages of 63% and 92%,
respectively. For the Pilger site the water level in the
shallow aquifer was used to calculate this percentage
because the water table conditions would impact all
the grout installations. The average percentage of
the unsaturated zone penetrated by dye at this site
was 81%.

These results indicate that conditions at the Trenton
site are the worst for bentonite slurry grouts. Whereas,
site conditions at Grand Island would be considered
most favorable. Based on findings by Myers(2005)
the particle size and moisture content of unsaturated
zone sediments are the two primary factors related to
the visual nature of bentonite slurry grout. Since the
sediments above the water table arc predominantly
silt-sized at both the Trenton and Pilger sites, it is
probable that the drier climate in the Trenton area is
intensifying the harshness of the environment at that
study site.

The bentonite chip well at Grand Island had a cracked
casing and dye entered the well so the test was
inconclusive. We detected no dye in the chip well
at the Pilger site, but we detected dye to a depth of
24 feet at the Trenton site. Given the unfavorable
conditions identified for bentonite slurry grouts at both
Pilger and Trenton, the potential exists that there was



a construction problem with the chip well at Trenton.
However, field documentation did not indicate any
construction problems.

Dye was detected below the reservoir in all but one
geothermal installation at Lake McConaughy. No
reason for this anomalous result has been determined
at this time. Average results of maximum depth of
dye detection for the geothermal grout and geothermal
grout with sand are shown in Table 9.

The average results from the Lake McConaughy site
indicate that the addition of sand to the geothermal
grout substantially improves the geothermal grout
performance. However, both the Grand Island and
Maskenthine site results show little variation in
the average maximum depth of the dye between
the two grout types. Field notes for both sites
indicated numerous difficulties were experienced
during both the drilling and construction of these
loop installations, including connection between
boreholes. These problems may have impacted the
results of the dye tests.

At the Maskenthine site, the Technical Team designed
the depth of the loops to be shallower (180 feet)
because the upper portion of the Niobrara Formation
often contains dissolution fractures that can provide

conduits for fluid flow between boreholes. However,
to accommodate the landowner we moved the loop
field downhill away from the owner’s lawn. During
two installations lost circulation occurred at about 165
feet and the previously installed loop started floating to
the surface. Itis probable that the connection between
the boreholes was through these dissolution fractures
in the Niobrara Formation.

The overall average percentage of the unsaturated
zone penetrated by the dye for geothermal installations
was 93, 92, and 45 for the Maskenthine, Grand Island,
and Lake McConaughy sites, respectively. These
averages might indicate that the Lake McConaughy
site has the best environment because the dye only
penctrated 45% of the unsaturated zone. However,
the dye test videos from this site showed dye running
down the annulus ahead of the camera through large
voids and areas with no grout in the loop installations
without sand. The average amount of the unsaturated
zone penetrated by dye in these installations was 74%
and for the geothermal grout with sand added it was
only 16%. The overall average for this site is lower
because the performance of the geothermal grout with
sand was so good.

Except for the Lake McConaughy site, the results of
the dye tests for geothermal grouts lacked consistency

TABLE 8
AVERAGE MAXIMUM DEPTH OF DYE DETECTION IN BENTONITE SLURRY GROUTS
Grout solids Pilger Grand Trenton Average of all wells
Island
<20 % 33 feet 13 feet 33 feet 26 feet
=20 % 21 feet 15 feet 26 feet 21 feet
> 20 % 15 feet 9 feet 32 feet 19 feet
Site average 21 feet 12 feet 31 feet 21 feet
TABLE 9
AVERAGE MAXIMUM DEPTH OF DYE DETECTION IN GEOTHERMAL GROUTS
Percent solids Maskenthine | Grand Island | McConaughy | Average of all loops
Geothermal ~20% solids 40 feet 21 feet 99 feet 53.3
Geothermal-sand ~60%
solids 42 feet 20 feet 21 feet 27.7
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TABLE 11
AVERAGE PERCENTAGE OF UNSATURATED ZONE PENETRATED BY DYE IN
CEMENT-BASED GROUTS

Cement grout Pilger Grand Island Trenton
Neat-6 gal 53 26 51
Neat-7 gal 43 46 22
Cement-bentonite 74 45 26
Cement-sand 0 53 19
Concrete 54 45 22
Site average 45 43 28

We used the calculated average percentage of the
unsaturated zone that dye penetrated to compare the
performance of the various grout materials. The results
are presented in Table 12. Note that maximum depth
that the dye was detected in a 24-hour period was used
in these calculations for the cement based grouts and
that the water levels used for the geothermal grout
installations are estimated. These data indicate that
the cement with sand grout performed the best when
all grouts are compared within a period of 1.5 to 2
years after installation of the material.

When comparing the average results of all bentonite
slurry grouts used in the wells and in the geothermal
installations, the bentonite slurry with 23 to 30

percent solids (>20%) out-performed the geothermal
grout with 60 percent solids content. However, when
the two different geothermal grouts are compared
there is a difference of almost 20 percent between
their performance ratings. Based on the geothermal
comparisons, inclusion of sand in bentonite slurry
grout enhances its performance. Comparison of these
results between 20 percent solids grout in the well and
the loop installations indicate that the similar or same
grouts used in the well installations out-performed the
grout in the geothermal loops by 11 percent. Based
on these observations, it is probable that the grout
performance results of the geothermal installations are
not comparable with the results of well installations,
as previously noted.

TABLE 12
OVERALL AVERAGE PERCENTAGE OF UNSATURATED ZONE PENETRATED BY DYE
Average
Grout type percentzgige
Cement with sand* 24
Neat cement with 7 gallons of water* 37
Concrete® 40
Bentonite chip (Pilger & Trenton wells) 40
Neat cement with 6 gallons of water* 44
Cement with bentonite* 48
Bentonite slurry >20% 65
Bentonite geothermal-sand ~60%** 67
Bentonite slurry =20% 75
Bentonite geothermal ~20%** 86
Bentonite slurry <20% 87

* Based on maximum depth of dye in one- and 24-

** Water level estimated from water table well

hour videos.
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would support the supposition that the surface cracks
sealed before the 2007 test was performed.

Dye was detected below the water table in four of the
nine bentonite slurry wells at the Trenton site. The
pretest field forms for these wells indicated that the
grout had a number of cracks and voids between the
static water level and the maximum depth that dye was
detected, between 45-66 feet deep. Since the water
level at this site did not vary, we compared water
chemistry results between the Pilger and Trenton sites.
There was little variation in key parameters. The only
variation noted in this depth interval was a change in
sediment size from mainly silt to sand and gravel below
the maximum dye depth. However, this variation in
geologic material did not impact the other five grout
installations. Additional video viewing and research
are needed before these results can be explained.

The 24-hour videos at the Pilger site showed dye
remained in three of the wells. In two of the wells the
dye moved an additional 6 to 7 feet deeper and in the
third well the dye was detected at a level 2 feet higher.
At the Grand Island site dye remained 2 feet higher in
one of the two wells in which dye was detected during
the test and dye was seen in another well that had no
dye detected in one hour. At the Trenton site dye was
detected twenty-four hours later in only the four wells
where the dye had moved below the water table within
one hour of opening the dye tank valve. In two wells
the dye had moved 2 to 5 feet deeper and in the other
two wells it remained at the same depth.

Overall, dye was detected twenty-four hours after
beginning the test in 30 percent of bentonite slurry
wells and it moved 2 to 7 feet deeper in 19 percent of
the 27 grout observation wells. The results of the 2006
cement-based dye tests showed that the dye remained in
93 percent of the installations after twenty-four hours.
In 67 percent of the installations the dye moved deeper
twenty-four hours after the dye tank valve was open.
These results suggest that most of the dye movement in
bentonite slurry grouts occurs within a relatively short
period of time whereas the maximum movement of
dye in the cement-based grout takes longer. Additional
field testing is necessary to more accurately define the
optimal duration of video viewing during dye tests in
order to assess the maximum depth of dye penetration
in the various grout columns.

For the 2007 dye test of the bentonite chip well at
Grand Island, a packer was set below the cracked
casing so that the dye would not enter the well. No
dye was detected in the chip wells at Pilger and Grand
Island. At Trenton the dye was detected to a depth
of 25 feet one hour after the test began. Twenty-
four hours later no dye was detected. This dye test
video was viewed on a large screen by the NGTF
technical team in April 2009. The intervals where
dye was detected in the field were reddish but this
coloring appeared to be an iron oxide coating on the
individual bentonite chips and not dye moving within
the grout column. Additional video viewing would
be required to confirm this explanation. Using the
field results from Trenton, the average percentage of
the unsaturated zone penetrated by dye for the three
chip wells is 27%. When this result is substituted
into Table 12, the performance of bentonite chip
grout would rank second best using the results of
three dye tests.

In general the performance of the geothermal grout
material was worse at the Maskenthine site and the test
results were very different from the 2005 test results.
The Grand Island site grout performance was mainly
improved and relatively similar to the 2005 dye test
results. No additional analyses were performed on
these data at this time. At the Lake McConaughy site
the individual installation results of the 2007 dye test
correlated reasonably well with the 2005 test result.
The average depths of dye detection for the 20 percent
solids grout were 99 and 124 feet and for the 60 percent
solids the average depth was 21 and 26 feet for the
2005 and 2007 tests, respectively. The overall average
results for this site, 60 feet in the original test and 69
feet in the second test, indicate that dye test results
for some geothermal installations can be replicated
relatively closely within a two year period.

No dye was detected in any of the cement-based wells
during the 2007 dye test or the 24-hour inspection. At
present the reason for this is not apparent. A number
of possibilities exist including the potential that the
micro-annular space between the casing and the grout
was sealed by precipitation of calcium carbonate or
fine sediment particles that were introduced with the
dye in the original test. Another possibility could
be that the red dye used in the 2007 tests was more
difficult to detect than the yellow-green dye used in
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the original tests. Additional field work would need
to be performed to substantiate any conclusion.

5.5 Comparison of Grout Nature

and Performance
The Technical Team compared the results of the visual
assessment and the maximum depth at which dye
was detected on all installations. For the bentonite
slurry grouts 63 percent of the results showed a
good correlation between the visual assessment and
performance of the grout (group A; Chapter 3, Section
4). This result could indicate that the method of visual
assessment was relatively valid or that the one hour
duration of the dye tests was reasonably sufficient to
assess maximum depth of dye penetration. Dye was
detected shallower than expected in 26 percent of the
grouts. This could indicate that the dye test could
possibly have been of longer duration or that there
was no connection between the cracks and voids seen
in the videos. Dye was seen deeper than expected
in 11 percent of the grout observation wells. These
3 wells were all installed by supplier X; see section
1 of this chapter.

Two of the three bentonite chip grout results correlated
well. The Trenton chip well in which dye was detected
24 feet deep was categorized as group C or indicated
that the dye penctrated decper than expected. The
comparison between the results of the Pilger and
Grand Island chip wells and the Trenton chip well

again suggests the anomalous results of the dye test
for the Trenton chip well.

We based the cement-based grout analysis on the
2006 one-hour dye test and the 24-hour inspection
results. For the one-hour dye test results, 80 percent
fell into group B, the dye was detected shallower then
anticipated based on the visual ratings. The dye test
and visual analysis results compared well in only one
instance (7 percent). For the 24-hour inspection, the
results correlated well in 33 percent of the cases and
53 percent of the comparisons showed dye remained
shallower than expected. The increase from 7 to 33
percent of the grouts that showed good correlation
between the monitoring techniques indicates that to
properly assess cement grout performance the dye
tests must be more than one hour in duration. These
results could also indicate that the obstacles identified
with the assignment of visual ratings were substantial
enough to prevent an accurate visual assessment.

Comparison of the overall average results are presented
in Table 13. The overall comparison is based on the
performance and visual ranking (see Sections 2 and 3
of this chapter). We calculated the variation between
the rankings by subtracting the performance rank
from the visual rank. Therefore, a positive variation
means that the grout performed better than it visually
appeared and a negative variation means it performed
worse than it appeared.

TABLE 13
OVERALL AVERAGE RESULTS
Grout type Performance Visual Ranking
ranking ranking variation
Cement-sand * 1 3.5 +2.5
Bentonite chip (All 3 wells) 2 1 -1
Neat cement -7 gallons H,0 * 3 5.5 +2.5
Concrete * 4 8 +4
Neat cement - 6 gallons H,0 * 5 2 -3
Cement-bentonite * 6 3.5 -2.5
Bentonite slurry >20% 7 5.5 ~1.5
Geothermal-sand ~60%** 8 10 +2
Bentonite slurry =20% 9 7 -2
Geothermal ~20%** 10 11 +1
Bentonite slurry <20% 11 9 -2

* Based on maximum depth of dye in one- and 24-hour videos.

** Water level estimated from water table well
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proposes that dye tests can be performed 90 days
after installation.

The results of the 24-hour dye test inspections
performed on bentonite slurry grouts confirm that
most of the dye movement occurs within a relatively
short period of time. These results indicate that the
one-hour test duration was reasonable, but that it
could possibly be slightly longer. The comparison
of the visual assessment and dye test results of the
cement-based grouts suggests that more than one hour
is required to determine the maximum depth of dye
movement, Additional field testing is necessary to
more accurately define the optimal duration of video
viewing during dye tests to assess the maximum depth
of dye penetration in grout columns. However, it is
evident that different time spans are needed to compare
different types of grout materials.

6.2 Drilling and Installation Methods
Results of this study indicate that sealing the borehole
wall through the grout interval during the drilling
process reduces the performance of bentonite slurry
grouts. This was supported in the discussion of the
drilling and installation, the 2004 and 2007 dye tests
results at the Trenton site, and 2007 dye test results
at the Grand Island site. The comparison of the
visual assessment and dye test results also supports
this conclusion. If site conditions require the use of
drilling fluid additives to control fluid loss through the
grout interval, then an effort needs to be made to break
this wall cake down and to allow any potential surface
contaminants to move away from the annular space.

As noted in the discussion of the visual assessment
of the bentonite chip grout, the Pilger site grout
exhibited a smooth appearance whercas the grouts
at Trenton and Grand Island appeared to have a
chunky texture. Industry suppliers indicated that this
texture was probably due to incomplete hydration
of the bentonite chips. The chips should be placed
slowly into the annular space in order to allow for the
complete hydration of a chip seal in the unsaturated
zone. Thinning the drilling fluid with fresh water prior
to placement might allow the chips to hydrate more
completely, although this hypothesis was not field
tested in this study.

Many drilling and installation problems occurred
during the construction of the Maskenthine and Grand
Island loop fields. In some cases there was a connection
between boreholes that caused the previously installed
loops to float during the drilling of the subsequent
borehole. The designs of geothermal loop installations
need to account for variable geologic conditions. At
the Maskenthine site, it is likely that in at least two
of the nstallations this connection was caused by
dissolution fractures in the upper part of the Niobrara
Formation. Loop field designs need to address site
geology by either reducing the depth and increasing
the number of loops or increasing the spacing between
loops to reduce the potential for connection between
boreholes in certain geological environments.

Review of some of the cement-based grout wells
showed the infiltration ofthe grout through the bentonite
chip seal and into the filter pack. Cement industry
representatives recommend placing at least 2 feet of
blotter sand between the cement and bentonite chip to
prevent the breakdown of the seal. During placement
of the concrete grouts there were larger than specified
aggregates and clots of unmixed or dried cement.
Off-site bulk mixing of grout material by contractors
with little knowledge of well construction should be
eliminated. Variation between the dye test results of
the individual cement grouts at each of the sites was
significant in most cases, but there appeared to be no
consistency related to the performance between the
sites. Because of the apparent erratic performance
results it is possible that cement based grouts are less
impacted by site conditions and may be more sensitive
to mixing and placement operations.

6.3 Hydrogeologic Conditions

The results of this study demonstrated that bentonite
slurry grouts appear to be most sensitive to the
variable hydrologic conditions at the three study sites.
Both visual and performance results indicated that the
Trenton site conditions had the worst impact and the
Grand Island site conditions had the least impact on
these grouts. Based on the results of the 2005 study
of the three original sites by Myers, sediment particle
size and moisture content have the largest impact on
bentonite slurry grouts.

The Trenton site is in the semi-arid climatic zone and



the unsaturated zone sediments there are dominated
by silt-sized particles. The sediments above the water
table at the Pilger site are also dominated by silt-sized
particles, however this site is in the moist subhumid
climatic zone. The results of analyses of moisture
content of cores, collected in the summer of 2003 at
these sites, indicated that the upper 13 feet contained a
maximum of 10% moisture and from 13- and 22-feet
deep the moisture content was between 15%-20% at
the Trenton site. The moisture content at the Pilger
site was 15%-20% in the top 13 feet and 20%-30%
from 13 to 20 feet deep. The moisture content of the
unsaturated zone sediments at the Grand Island site
was less than 15 percent; however the sediments were
dominated by sand-sized particles.

The performance of cement-based grouts was impacted
less by site conditions as noted in the discussion of
dyec test results. There was some indication that these
grouts performed better at the Trenton site, based on
site average results of all five grout recipes. However,
due to inconsistent results noted earlier in these
discussions no definitive conclusions can be made at
this time about the impact of the site conditions on
cement-based grouts.

6.4 Grout Compositions

During the early stages ofthe study it became apparent
to the technical team that there was a substantial
difference in the nature of the grout column above and
below the water table. The bentonite slurry grouts
exhibited cracks and some voids in the unsaturated
zone. Below the water table there was little evidence
of cracking, however there were some anomalies that
appeared to be related to the placement of the grout.
The bentonite chip grouts showed few inconsistencies
above and below the water table, with the exception
of the Trenton site well. The cement-based grouts
appeared cracked above and below the water table.
There was also evidence of areas where the grout
failed to bond to the casing thus creating a micro-
annulus. Additional video viewing and possible
field investigations are needed to objectively assess
the variability of grout column above and below the
water table.

The performance results indicate that increased solids
content enhanced grout performance at one of the

three study sites. This is also supported by the overall
average depth of dye detection of all installations with
the same solids content. The variation of drilling
fluid programs noted previously may have impacted
the average percent solids results of the dye test. The
results of the visual assessment at two of the study
sites and the overall average results of this assessment
indicate that an increase in solids content in bentonite
slurry grouts improves their performance somewhat,
However, the variation of visual and performance
results between grouts with solids content between 16
and 30 percent was not substantial.

Results of this study suggest that grout performance
cannot be compared when the installations are different.
This was noted in the discussion of both visual and
performance results of bentonite slurry with 20% solids
content in wells and geothermal loop installations.
Since the impact of temperature variations due to the
utilization of the geothermal system can be ruled out,
the major variation between the types of installations
is the configuration of the arca that the grout is
expected to seal. In the grout observation wells the
grout sealed a 2- to 2%-inch annular space free of
obstructions except for centralizers every twenty feet.
In the geothermal installations the grout interval was
an open 9%- to 10-inch borehole with two %-inch
loops, centralizing clips every ten feet, and a 2-inch
clear casing for viewing the grout.

The average depth of dye detection for the Lake
McConaughy site and the average results of all
geothermal installations with 20 percent solids content
and 60 percent solids content indicated that the addition
of sand to bentonite slurry grouts helps maximize
their performance. The results at the Grand Island
and Maskenthine sites, however do not support this
conclusion. The numerous difficultics encountered
during drilling and installation of the loops at these
sites may have caused these contradicting results.
Additional geothermal loop installations would
be needed to validate the results from the Lake
McConaughy site installations.

No dye was detected in two of the three chip grout
installations tested in 2007. The dye test field forms
of the Trenton well indicated that dye was detected
to a depth of 24 feet however, the technical team
determined these results were inconclusive based on
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