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WORK PLAN 

 FOR 
REFINING LOCATION OF MONITORING WELLS AT THE  

JUNIPER RIDGE LANDFILL EXPANSION 
OLD TOWN, MAINE 

 
 
1.0     PURPOSE 

 

The purpose of this Work Plan is to present an approach for refining/finalizing the locations for 

new groundwater monitoring wells around the perimeter of the JRL Expansion for operational 

and long-term monitoring of the landfill.  An Environmental Monitoring Plan, which includes 

establishment of a total of 45 monitoring locations consisting of: (1) background and 

downgradient piezometers and wells; (2) additional surface water and pore water sampling 

points; and, (3) leak detection and underdrain monitoring points.  The proposed monitoring 

locations associated with the Expansion are as shown on Figure 6-1 of Volume II of the 

Application.  Since the Expansion will be developed in a series of cells beginning in 2018, and 

continuing for a period of about 12 years, the installation of the monitoring wells included in the 

monitoring program can be phased as landfill development proceeds as proposed in the 

Application.  However, in discussions with MEDEP, we agreed that a work plan outlining an 

approach to refine the locations for the proposed monitoring wells should be provided as part of 

the Expansion application, to obtain MEDEP approval prior to beginning field work.  

 

During the development of this work plan, and in discussion with MEDEP we agreed, however, 

that there would be an advantage to gathering additional data now to confirm geologic features 

identified during the site assessment that will be relevant to siting the individual wells.  This 

would be, therefore, a refinement of the information already submitted with the Application.  

 

Thus, we have prepared a staged approach to gather this data as described in this work plan, 

with some additional data being collected in the near-term (i.e., winter/spring 2016), and with the 

approval of MEDEP, to help plan for what data may be necessary for final siting of the 

monitoring wells.  This approach will help to fine-tune the geologic data that already exists for 

the Expansion site, which will, in turn, help to guide the eventual siting process for the 

monitoring wells needed prior to operation of the Expansion.  
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2.0     APPROACH 

 

The investigations conducted as part of the Expansion Application were documented in 

Volume II - Site Assessment Report show that the bedrock at the site consists of fractured 

metasediments, which are typical of this area of Maine.  The investigations found that the 

bedrock fracturing is on the scale of inches to a few feet.  The borehole and surficial 

geophysical surveys completed onsite demonstrated that there are also localized, more densely 

fractured zones within the bedrock.   

 

Information to be collected during execution of this Work Plan will supplement the available 

geologic data and be used to inform placement of the proposed observations and monitoring 

wells outside the perimeter of the Expansion.  In part, this work will help to ensure more densely 

fractured zones have not been overlooked in siting the observation and monitoring wells.  The 

data will be used to establish the final well locations and the screen depths within the bedrock.  

This Work Plan utilizes the same methodologies utilized during the previously completed site 

investigations, which has demonstrated that the site meets the requirements contained in 06-

096 CMR 401 for landfill siting, design and operations.   

 

Supplemental geophysical survey work is included in this Work Plan, as is installation of 

boreholes into the bedrock to confirm the geophysical and photolineament studies already 

completed.  Each new borehole, as well as two existing boreholes (i.e., the water supply wells 

for the office and scale house) within the footprint of the Expansion, will be examined using 

geophysical borehole logging methods to establish fracture depths and possible fracture 

continuity between boreholes using surficial geophysical methods.  Boreholes will be drilled 

within the Expansion footprint and along the Expansion’s perimeter.  Boreholes that do not 

become part of the groundwater monitoring plan will be decommissioned and sealed with grout.  

The outcome of this supplemental data gathering program will be the basis to refine the 

Expansion’s groundwater monitoring system.  

 

The work plan has been subdivided into two parts: (1) an early phase - Phase 1- which would 

be done now, and (2) a later phase - Phase 2- that would be done at least one year before 
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operation of the Expansion begins.  The Work Plan is designed to be completed in close 

cooperation with MEDEP, to streamline decision-making.   
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3.0     SCOPE OF WORK 

 

3.1  Phase 1-Background Information for Planning and Confirmation 

 

The purpose of Phase 1 is to collect data for planning and confirmation.  

 

Task 1-Downhole Geophysical Survey of Existing Water Supply Wells.  Task 1 of Phase 1 

includes conducting downhole geophysical surveys of two existing water supply wells within the 

footprint of the Expansion.  The pumps will be removed from the existing two water supply wells 

(i.e., the scale house and office) at least one day before the geophysical survey begins.  Each 

well will be logged with a suite of downhole geophysical instruments to examine bedrock 

fracture locations, sizes, orientations and fracture water yield.  The geophysical logging 

parameters are listed in Table 1, along with a brief explanation of the logging objective relative 

to identification of bedrock fractures. 

 

Borehole diameter and fracture width data from caliper logs will be used to make preliminary 

estimates of fracture depths with the potential for water flow.  Fluid resistivity and temperature 

are often useful in identifying zones where groundwater is seeping into the borehole.  Vertical 

flow measurements between transmissive fractures can be evaluated with a heat-pulse 

flowmeter.  Ambient and induced groundwater flows from fractures will also be measured using 

the downhole flowmeter.  The acoustic and optical televiewer data will be used to identify planar 

features (e.g., fractures, joints, bedding, and foliation) that intercept the borehole wall and 

measure their strikes and dips.  Results from the downhole geophysical logging will be plotted 

as stereo nets, rose diagrams and an image of the borehole wall.  The strike and dip data along 

with fracture width will provide a qualitative sense of hydraulic conductivity anisotropy in the 

bedrock.  The borehole fracture orientations will be compared with those previously measured 

at bedrock outcrops, bedrock cores, and existing downhole geophysical studies performed for 

the Expansion application.  The geophysical survey will be conducted by Northeast Geophysical 

Services (NGS) of Bangor, Maine. 
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TABLE 1 
 

BOREHOLE GEOPHYSICAL PARAMETERS 
 

Instrument/Parameter Objective 

Caliper (Borehole Diameter) Fractures are often indicated by widenings along the borehole wall. 

Fluid Temperature Changes in fluid temperature can indicate water entering a borehole through 
fractures. 

Fluid Resistivity Changes in fluid resistivity can indicate water entering the borehole through 
transmissive fractures. 

Single Point Resistance Electrical resistance between instrument and a surface electrode.  Water-filled 
fractures often are characterized by low resistance. 

Spontaneous Potential (SP) Electrical voltage between the instrument and a surface electrode.  SP sources 
can include lithologic changes and water movement in or out of a borehole 
through fractures. 

Gamma Provides lithologic/formation information.  Clay-filled fractures can be 
characterized by gamma spikes. 

Acoustic Televiewer Oriented acoustical image of the borehole wall, including identification of strike 
and dip directions of planar features such as fractures and foliation. 

Optical Televiewer Oriented optical image of the borehole wall, including identification of strike and 
dip directions of planar features. 

Heat-Pulse Flowmeter Measures the vertical flow of water in the borehole, under ambient and pumping 
(stressed) conditions.  Vertical flow indicates two or more transmissive fractures 
intersecting the borehole, at hydraulic disequilibrium. 

 

Task 2-Borehole Drilling Within Expansion Footprint.  Task 2 is to conduct additional borehole 

drilling within the footprint of the Expansion site.  There are several geologic features along the 

east side of the Expansion that may be appropriate locations for monitoring wells.  Three new 

boreholes (B16-101 through B16-103) within the Expansion footprint would be useful in 

finalizing the later elements of this work plan.  Therefore, the three boreholes would be drilled at 

the approximate locations shown on the attached Figure 1 within the eastern side of the 

Expansion footprint.  Two of these locations (B16-101 and B16-102) have been proposed along 

the alignments of previously identified photolineaments and should help resolve their 

importance for monitoring.  Prior to drilling, the locations of existing photolineaments and denser 

fracture zones in the bedrock will be located in the field from the existing mapping.  The 

intention is to drill along these features (accounting for the interpreted dip of the bedrock 

structures).  A third borehole (B16-103) will be drilled within the footprint in an area not aligned 

with a photolineament to provide a point to compare the bedrock structure to that investigated 

with the other two boreholes.  The approximate locations of these boreholes are shown on the 

attached Figure 1.   

 

All three of the boreholes in Task 2 will extend at least 200 feet below the bedrock surface and 

will be drilled using air-rotary methodology.  The soil overburden will be cased during 
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advancement of the borehole into the bedrock.  Soil and rock cuttings will be spread around 

each borehole.  SME will observe the drilling and will classify rock chip samples obtained from 

the boreholes.  Soil and rock cuttings will be spread around each borehole.   

 

Each borehole will be developed by pumping and/or surging techniques to remove fine-grained 

sediments after the completion of drilling.  The recovery rate of water levels will be recorded to 

estimate the borehole water yield.  Static water levels in each boring will be recorded after levels 

have stabilized.    

 

Task 3-Downhole Geophysical Survey of New Boreholes.  Task 3 of Phase 1 is to conduct 

downhole geophysical surveys of each of the new boreholes.  Each of the three boreholes 

described in Task 2 will be logged with the same downhole equipment and methodologies as 

described in Task 1 to examine structure locations, sizes, orientations and fracture water yield.  

 

Task 4-Data Compilation and Review.  Task 4 will be data compilation and review of the 

information gathered in Tasks 1 through 3.  MEDEP will be notified of the specific schedule for 

the various work elements of Phase 1 and will be kept abreast of the results of the 

investigations.  The data compiled from the investigations will be reviewed with MEDEP and it is 

anticipated at least one meeting with MEDEP will be held to review the results of the Phase 1 

investigations.  The results of the investigations will be reviewed in terms of (1) the voluminous 

existing data; (2) the understanding of both the bedrock depth and structural features, as they 

relate to locating, both horizontally and vertically, zones to be screened for the Expansion’s 

monitoring wells; and (3) the interpretation of the groundwater flow paths beneath the 

Expansion footprint.  These findings will be presented in a written report to supplement the 

information contained in the Expansion application.  The report will include borehole logs; the 

geophysical report; survey data, a map showing the locations of the Phase 1 boreholes; and a 

summary of the supplemental field investigation work.  Any appropriate refinements to the 

Phase 2 program, discussed below, will also be included.  The schedule for completing Phase 1 

is discussed in Section 4.0 of this Plan, below.   
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3.2  Phase 2-Locating Monitoring Wells 

 

The objective of the Phase 2 program is to optimally locate the Expansion’s observation and 

monitoring wells.  

 

Task 5-Electrical Earth Resistivity.  Task 5 involves performing earth resistivity transects as part 

of Phase 2 of this Plan.  Electrical earth resistivity (resistivity) transects will be completed in 

areas along the perimeter of the Expansion to supplement existing resistivity transects, as 

shown on Figure 1.  This will include running one transect (Line S-1, on Figure 1) along the 

north boundary of the Expansion and a second along the west boundary of the Expansion (Line 

S-2).  A third transect will parallel the east side of the Expansion and pass through the 

boreholes installed and tested in Phase 1 (Line S-3).  A fourth transect will pass through the 

Expansion area, in a north-south orientation (Line S-4).  The purpose of the resistivity transects 

are to further refine information from previous investigations on fracture zones in the bedrock, 

which will provide information necessary for optimally locating new Expansion observation and 

monitoring wells.  The earth resistivity results will also provide additional data on the soil 

overburden thickness.  The earth resistivity transects will be “calibrated” by passing them over 

existing site borings that extend beneath the bedrock surface.  The preliminary locations of 

these transects are shown in Figure 1 pending MEDEP review.  This resistivity work will be 

done in close coordination with MEDEP.  The earth resistivity survey will be conducted by NGS  

 

Task 6-Additional Borehole Drilling.  Task 6 of the Plan requires additional borehole drilling.  

Based on the results of the geophysical surveys and preliminary boreholes described in 

Phase 1, the six proposed monitoring boreholes (OW-602A, OW-605A, OW-606 A&B, OW-

608A&B, MW-507 and OW-611A) will be drilled using the air-rotary hammer technique.  The 

boreholes will be located outside of and along the northern (one), eastern (three) and western 

(two) boundaries of the Expansion.  The approximate locations of these boreholes are as 

presented in the Expansion application, and are shown on Figure 1.  The locations and depths 

of these wells will be finalized after the Phase 1 data has been analyzed.  One of the boreholes 

will be intentionally located on a bedrock zone that indicates a relatively lower fracture density to 

aid in confirming and calibrating the earth resistivity survey data.  Furthermore, prior to the 

beginning of drilling, SME and MEDEP will finalize the borehole locations and depths.  
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The new boreholes will allow access for downhole geophysical logging tools to   the presence of 

fractures or fracture zones identified by the earth resistivity transects and photolineaments.  The 

boreholes will be nominally six inches in diameter and drilled a minimum of 200 feet deep into 

bedrock.  The soil overburden will be cased during advancement of the borehole through the 

bedrock.  Soil and rock cuttings will be spread around each borehole.  Rock chips will be 

visually logged. 

 

Each borehole will be developed after the completion of drilling.  The recovery rate of water 

levels will be recorded to estimate the borehole water yield.  Static water levels in each boring 

will be recorded after levels have stabilized.    

 

Site preparation for drilling will include clearing of brush and trees, and construction of access 

roads sufficient for a three-axle, water-well-style drill rig, support trucks, and equipment.  

Erosion control at these drilling locations will include installation of silt fencing between work 

areas and surface water streams (if any). 

 

Task 7-Downhole Geophysical Survey.  Task 7 will involve a downhole geophysical survey.  

Each of the six boreholes drilled in Task 6 will be logged with the same downhole logging 

probes utilized in Task 1 to examine fracture locations, sizes, orientations and fracture water 

yield. 

 

Task 8-Location Survey.  Task 8 of the Plan is to conduct a location survey.  Once the 

boreholes and geophysical transects are completed, their horizontal and vertical locations will 

be measured by survey.  Horizontal locations will be measured to the nearest one-foot and 

vertical locations measured to the nearest 0.1 foot.  

 

Task 9-Data Review and Monitoring Well Identification.  Task 9 will involve final data review and 

monitoring well identification.  Once the Phase 2 field work is complete, the results of Tasks 1 

through 8 will be provided to MEDEP in a summary report documenting what was done, how it 

was done, and the purpose of each Task performed.  The collected information will be used to 

finalize the overall depth, location, and screen length for the Expansion’s observation and 
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monitoring wells, in cooperation with MEDEP.  Available mapping provided in the Site 

Assessment Report will be updated to show the new boreholes and geophysical transects.  The 

submittal will include the NGS report and logs for the boreholes.  Groundwater elevations will be 

measured at the new boreholes and compared to those of existing surrounding wells and 

piezometers.  Bedrock depth and fracture patterns will be compared with existing data.  The 

report will include a description of the field work and an interpretation of the findings.  The 

information gathered will be used to support SME’s recommendations for final monitoring and 

observation well placement, design and construction.  Well placement will focus on transmissive 

zones in the bedrock that can conduct groundwater from beneath the Expansion to its 

perimeter.  MEDEP will approve each well location and screened interval, prior to installation.   

 

Once the locations and designs of the monitoring wells are complete, they will be installed at 

least one year before the construction of the individual Expansion cells are adjacent to the well 

location is complete.  Once the wells are installed and have a chance to equilibrate with the 

adjacent formation, they will be sampled for at least four rounds to establish pre-Expansion 

water quality.  Boreholes, piezometers, and wells within the Expansion footprint will be grouted 

to eliminate open holes through the glacial till into the bedrock. 
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4.0     SCHEDULE 

 

Scheduling of a qualified driller and NGS will be initiated before MEDEP approval of the Work 

Plan.  The downhole geophysical logging of the existing two water supply wells, drilling of the 

two preliminary boreholes and the downhole geophysics in Phase 1 will commence once this 

Work Plan is approved by MEDEP.  It is expected to take up to two months in order to 

coordinate access, water pump removal and replacement, drill the boreholes, and get the data 

report from NGS.  It is expected that our report to MEDEP will be submitted in May 2016.  

Weather and driller availability will affect this schedule.   

 

For Phase 2, the resistivity survey will require about one week to clear the transects and up to 

two weeks to complete the field work.  This work is scheduled for the summer of 2017, after the 

Expansion application is approved.  Once started, the results should be available in near real-

time for review with MEDEP.  The borehole drilling will take about two to three days per location 

once access is provided (up to 9 individual Expansion monitoring wells and 16 individual 

Expansion observation wells are anticipated).  Access may take some time to complete since 

most of the boreholes are away from existing roads in heavily wooded areas and habitat will be 

considered.  Clearing and road building for the drilling may take a few weeks but could be on-

going during the earth resistivity field work and the start of drilling.  Downhole geophysics can 

be scheduled for as soon as the wells have had a chance to rest for one or two weeks.  It is not 

uncommon to complete the downhole work at a rate of two boreholes per day.  Phase 2 may 

require up to four to six months to complete.   
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STATE OF MAINE 

DEPARTMENT OF ENVIRONMENTAL PROTECTION 
BUREAU OF REMEDIATION AND WASTE MANAGEMENT 

DIVISION OF TECHNICAL SERVICES 

M E M O R A N D U M 

TO:  Dick Behr, Hydrogeologist  

FROM: Gail Lipfert, PhD, C.G. # GE506, Certified Environmental Hydrogeologist   

DATE:  March 28, 2016 

RE: Juniper Ridge Landfill Pumping and Tracer Test Evaluation  

CC: Rob Peale, C.G., Senior Geologist 

********************************************************************************************************** 

Comment 2 a. Groundwater elevations were recorded every 5 minutes, whereas it is recommended 
that pumping tests within fractured bedrock be monitored more frequently at the very beginning to 
see the effects of fracture control on drawdown, then monitored less frequently later on. 

Response: Our interest was getting the semi-log straight-line drawdown data, which we did 
starting around 100 minutes. 
Follow-on comment: Please consult the following papers on aquifer test analysis of 
fractured rock to better understand the methods I am referring to: 
Gernand, J.D. & J.P. Heidtman, 1994 Detailed bedrock pumping test to determin 
anisotropy of a fractured aquifer, Proceedings of the 1994 FOCUS Conference on Eastern 
Regional Ground Water Issues, Burlington VT, p. 171-183. 
Gernand, J.D. & J.P. Heidtman, 1997, Detailed pumping test to characterize a fractured 
bedrock aquifer, Ground Water v. 35, n.4, p-632-637. 
Gringarten, A.C. 1982, Flow-test evaluation of fractured reservoirs, Recent Trends in 
Hydrogeology, T.N Narasimhan, GSA special Paper 189, p. 237-263. 
Sen, Z., 1986, Aquifer test analysis in fractured rock, Ground Water v. 24, n. 1, p. 72-78. 
Jenkins, D.N. & J.K Prentice, 1982, Theory for aquifer test analysis in fractured rocks 
under linear (nonradial) flow conditions, Ground Water v. 20, n. 1, p. 12-21. 

Comment 2 e. They started monitoring one minute after pumping started instead of monitoring for a 
day or two before the test to establish any background water level changes and trends. 

Response: This test was intended to last long enough to collect the semi-log, straight-line 
drawdowns (maybe up to 8 hours), which it did, and long-term trend data was not necessary. 
The straight-line portion of the drawdown curves lasted about five hours and would have been 
unaffected by typical long-term water table trends.  
We respectively disagree; prior water elevation data is always necessary. If water levels 
are decreasing at one well and not the others, it would appear that there was a response at 
that well even if it wasn’t responding to the pumping well. For example, in the third 
paragraph in Section 4.0, there is uncertainty about the drawdown at OW-06-06; “The 
maximum drawdown reading during the pump test was approximately 0.16 feet. This may 
merely be natural fluctuation in the groundwater elevation as there is no apparent 



recovery from the pump test.” If you had monitored water elevations prior to the pumping 
test, this may have helped assess the response at this well. 

Comment 2 f. They conducted the test during a thunder storm. The responses at OW-06-08, OW-
06-09 and OW-06-10 to the rain storm at 200 minutes are abrupt and almost instantaneous, which 
indicates poorly-constructed wells. 

Response: As stated elsewhere, the changes in drawdowns at around 200 minutes are due to 
decreasing pump rates, not the precipitation. Furthermore, the monitoring wells have 20 feet or 
more of bentonite chips effectively sealing them from the ground surface. 
Follow-on comment: In the second paragraph of Section 3.0, it states: “It should be noted 
that at approximately 200 to 300 minutes into the pump test, a significant thunder shower 
passed over the pump test site… … The effects are particularly evident at OW-06-08, OW-
06-09, and OW-06-10.” There is no mention of this being due to lower pump rates. 
Another explanation other than poorly-constructed wells for causing short-circuiting at 
those wells, could be fractures that are allowing for a direct connection between the well 
and shallow groundwater. 

Comment 4. Appendix H, 4.0, second paragraph. OW-06-10 and OW-06-07 are aligned with the 
two dominant fracture orientations, but these wells have later arrival times (3 and 3.6 days, 
respectively) than OW-06-09 and OW-06-08, which received tracer after 0.8 and 1 days, 
respectively. SME interpret these results along with the fact that the wells with the steepest 
groundwater gradients have the longest travel times, to indicate that the predominant fractures had 
more influence on tracer velocity than groundwater gradients. I don’t see that the predominant 
fracture orientations have much influence at all. I would say that it appears that there are fractures 
outside the predominant orientations that are hydraulically connected between MW-06-02 and OW-
06-08 and OW-06-09. 

Response: In examining the tracer test results, the average direction of the groundwater 
flow gradient, based on Figure H-1, is to the east, even though horizontal seepage gradients 
are not uniform downgradient of the injection well. The strike direction of maximum 
fracture frequency is to the north-northeast/south-southwest. This is along the foliation 
pattern of the bedrock. Combining the gradient and fracture strike suggest to SME that the 
horizontal plume migration direction is more or less west-southwest from the injection well, 
if conditions were ideal and uniform (the tracer cannot move northeast or east since those 
directions are upgradient). Therefore, to observe the tracer first in the southwest quadrant 
is not surprising and might be expected if conditions were uniform. Movement of the tracer 
plume in other directions would be delayed. This is essentially what is observed and the 
reason for our conclusions as stated in Section 4. 
Follow-on comment: But  the document states: “OW-06-07 is best aligned with the 
secondary northeast/southwest striking fracture set” and “This secondary fracture set 
aligns with the steeper gradients”. According to Figure H-1, the groundwater flow 
pattern is rather convoluted, but we judge the average flow direction to also be to the 
northwest, not the east. This means that OW-06-07 is aligned with a predominant flow 
direction, the steepest groundwater gradient, and one of the two predominant fracture 
orientation, but the arrival time is longer than other orientations. The evidence just 
does not support your assertion that the measured predominant fracture sets are 
controlling plume direction at this well.  

Comment 6. Overall conclusions. One of the major assumptions in this analysis is that there are two 
principal transmissivities along two axes of an ellipse, but examination of the drawdowns at 200 



minutes (before recharge affected the drawdowns) shows that the pattern of drawdowns is very 
irregular and cannot be described as an ellipse of anisotropy. The drawdowns also clearly indicate 
that the site is heterogeneous, which negates an underlying assumption for Papadopoulos’s method. 
In general, it appears that the interconnectivity of the observation wells to the pumping well is quite 
variable and cannot be explained by the predominant fracture orientations or principal hydraulic 
conductivity orientations. 

Response: The bedrock in the vicinity of MW-06-02 contains fractures in various 
orientations. When pumping on this well, drawdowns are observed in all radial directions 
where observation wells are located. This shows that all the fractures within about fifty feet 
of the pumping well are integrated with the pumping well and interconnected with other 
fractures. This was our objective for the test. These observations suggest to us that the 
bedrock fractures are well integrated and interconnected. The test, therefore, corroborates 
the interpretation that this should be the case based on the vast amount of bedrock data 
collected around the Expansion Site and existing landfill. 
Follow-on comment: We agree that drawdowns were observed at all the observation 
wells, but our point was that they were very irregular and their pattern does not match 
the dominant fracture orientations. Your response did not address our comment.  


