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BLASTING PROCEDURES ADJACENT TO THE UTILITY FACILITIES 
 
If the contractor plans to do any blasting in the area of the Utility facilities and structures, 
the Contractor shall use a seismograph to record the effects of the blasting on the 
facilities and structures, making available copies of the taped results to the utilities and 
the State.  The Contractor shall make a visual and photographic inspection of the 
facilities and structures with a representative of the utilities and the State prior to blasting 
and after blasting.  The Contractor shall submit to the State and Utilities a blasting 
procedure for approval, for any blasting.  This approval may take up to 30 days.  This 
will be discussed in greater detail at the preconstruction utility meeting. 
 

1. Prior to the start of work, the Contractor shall furnish a plan and description of the 
proposed blasting operations for review by the Department’s blasting expert and 
to each of the utilities.  The plan and description shall include the details of the 
proposed blasting operations including the number, location, diameter and depth 
of holes, type and amount of explosives to be used, size and nature of charge per 
hold and per delay, timing and length of delays, blasting sequence, measures to be 
taken to retain debris (such as blasting mats), distance to existing Utility facilities 
and buildings from blast site and other information requested by the Department 
and utilities.  The Contractor shall also provide proof that only a fully qualified, 
experienced and licensed blaster will direct and carry out the work.  The 
Contractor shall have a blaster that is familiar and has a working knowledge of the 
latest edition of the Blasters’ Handbook, especially with the chapter that deals 
with controlled blasting.  This blaster shall also be familiar with the “State of 
Maine Office of State Fire Marshall Rules for the Manufacture, Transportation, 
Storage and Use of Explosives effective January 15, 1991” or the latest revision. 

 
2. Regardless of the blasting procedure that is approved, if the Utility’s designated       
      representative determines that blasting is adversely affecting their facilities,      
      property or operations, the Utilities reserve the right to terminate or suspend the 
      operations of the Contractor until the Contractor has received the approval of the 
     Utilities for any changes in procedures, materials, equipment or personnel deemed  
      necessary by the Utilities to protect their operations, personnel and property. 
 
3. The Contractor may use non-explosive demolition agent or other means to 

remove the existing ledge.  The use of non-explosive demolition agent or other 
means will have to be approved by the Department of Transportation and the 
Utilities. 



Kennebunk 

15098.00 

August 2010 

 

SPECIAL PROVISIONS 

SECTION 841 

BOLLARD 
 

Description. This work shall consist of furnishing and installing Granite bollards necessary to 
complete the work. All earth work, excavation, concrete and/or compacted backfill shall be 
incidental to the bollard.  

Material Granite Bollards shall have a nominal size or 10” deep by 10” wide with a length of 
7 feet.  The granite shall be dense, sound, durable and resistant to weathering action.  All 
granite shall be uniform in color and free from seams, cracks, starts, and other structural 
defects.   

The finish on exposed surface of the stones shall be free from tool marks.  Irregular 
projections shall be limited to a maximum of 3 inches for any one stone measured from the 
pitch line.  Irregular depressions shall be limited to a maximum of 1 inch for any one stone 
measured from the pitch line. 

All stones shall be finished so that no holes of portions of holes shall show on surfaces that will 
be exposed in the finished work. 
 
Construction Granite Bollards shall be spaced and located as shown on the plans. Final 
locations shall be adjusted in the field.  

Method of Measurement Bollards and all necessary incidentals to complete the work shall be 
paid for by each complete and accepted in place.  

Basis of Payment The quantity of bollards will be paid for by the contract unit price for each 
installation. Such payment will be full compensation for all labor, excavation, backfill, tools, 
associated hardware, and any other incidentals necessary to complete the work.  

Payment will be made under:  

Pay Item          Pay Unit  

841.48  Bollard        Each  
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MEMORANDUM 
 
 
TO: Laura Krusinski, P.E. 
 Maine Department of Transportation   
 
COPY: Donald Ettinger, P.E. 
 HNTB Corporation 
 
FROM: Andrew R. Blaisdell, P.E., Project Manager 
 Christopher L. Snow, P.E., Senior Project Manager 
 James V. Errico, P.E., Senior Principal 
 GZA GeoEnvironmental, Inc. (GZA) 
 
DATE: August 24, 2010 
 
FILE NO.: 09.0025597.10 
 
SUBJECT: Summary of South Approach Sinkhole Issues  
 Kennebunk Bridge  
 Maine DOT PIN 15098.00 
 Kennebunk, Maine 
 
 
 
This memorandum presents the results of GZA GeoEnvironmental’s (GZA’s) sinkhole evaluation 
work for the approach embankment southwest of the Kennebunk Bridge over the Mousam River 
in Kennebunk, Maine.  
 
Our work was completed in accordance with contract GCA No. U1210060627, GZA Work Plan 
Dated March 30, 2010, Contract Modification 2 Work Plan, dated June 29, 2010, and the attached 
Limitations contained in Appendix A.  GZA previously prepared a Final Geotechnical Design 
Report (GDR) for the project dated August 6, 2010.  
 
This report was prepared by Jennifer R. Baron under the supervision of Andrew R. Blaisdell, 
P.E., and Christopher L. Snow, P.E. 
 
BACKGROUND 
 
The roadway along the northerly and southerly approaches to the existing bridge has a 
documented history of sinkhole formation and partial repair.  GZA presented preliminary seepage 
considerations in Section 5.1 of our August 6, 2010 GDR.  In GZA’s opinion, the sinkholes have 
resulted from piping of granular materials within the embankment, likely combined with the 
deterioration and/or collapse of historic buried structures.  Previous sinkholes have been repaired 
by filling the holes with granular material, grouting voids at depth, surficial compaction and 
replacement of pavement.   
 
Observations have indicated that historical sinkholes in the northerly approach have been related 
to piping of granular soil through the existing stone masonry abutments and wingwalls.  
Therefore, it is expected that the new concrete abutment and wingwalls constructed with weep 
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holes and french drains will limit or remove the potential for future seepage issues and sinkholes 
at the northerly approach (northeast of the proposed Abutment 2).  However, sinkholes have been 
documented at the southerly approach beyond the limits of the proposed bridge structure and 
associated excavation.  Therefore, it is GZA’s opinion that additional work is warranted during 
bridge construction to limit the potential for future sinkholes at the southerly approach.   
 
GZA has compiled and reviewed the available information and collected additional geophysical 
data, as described herein.  The contents of this memorandum represent the data collected and 
reviewed by GZA relevant to sinkhole development in the approach embankment south of the 
proposed Abutment 1 (herein referred to as South Approach).  This information has been used by 
the design team to review the planned approach to seepage mitigation, as described on Sheet 2 of 
the Contract Documents (General Notes, Sluiceway Demolition). 
 
AVAILABLE SINKHOLE INFORMATION 
 
HISTORICAL DATA REVIEW 
 
GZA completed a historical review of available data to develop an understanding of seepage and 
sinkhole issues and remediation efforts in the South Approach to estimate the location and extent 
of historic buried structures.  A number of sources were used to develop the history and location 
information including: historical accounts; interviews with local officials; photographs; public 
records; and recent subsurface investigations.  A summary of these findings is presented below 
and in the attached Table 1 and Figure 1.  Specific references for the collected information are 
presented in Table 1.  Please note that the information presented in Table 1 and Figure 1 
includes interpretation by GZA of records and accounts by others and is limited by the quality of 
the information used to develop the interpretations.  Variations will exist between GZA’s 
interpretations and the field conditions.  The information used to develop Table 1 is compiled in 
general chronological order in Appendix B, with Sanborn Fire Insurance Maps provided at the 
end of the appendix. 
 
RELEVANT TEST BORINGS 
 
A sequence of wood and voids was encountered between depths of about 11 and 20 feet in three 
of the borings drilled at the South Approach, including one boring drilled in 2010 under the 
direction of GZA (boring BB-KMR-301) and two borings drilled in 2004 under the direction of 
R.W. Gillespie and Associates (borings B2 and B5).  Details of these drilling programs are 
presented in GZA’s August 6, 2010 GDR.  The approximate locations of borings B2 and B5 and 
surveyed as-drilled location of boring BB-KMR-301 are presented on Figure 1, and logs of these 
test borings are presented in Appendix C.  Refer to the GDR for additional test boring data for 
the project.  
 
PREVIOUS GEOPHYSICAL SURVEY 
 
In 2004, the Town of Kennebunk hired NDT Corporation of Worcester, Massachusetts to 
complete a ground penetrating radar (GPR) survey to assess the presence and extent of soil 
settlement indicative of developing sinkholes.  Additional details of the GPR survey are presented 
in GZA’s August 6, 2010 GDR.  A report of the 2004 NDT Corporation GPR survey is included 
in Appendix D. 
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CURRENT GEOPHYSICAL SURVEY  
 
To further understand the existing conditions in the area surrounding the abandoned sluiceway, 
geophysical surveys were conducted at the South Approach to assess the extent of existing buried 
structures and other voids or irregularities in the embankment that could contribute to seepage 
issues.  Both GPR and multichannel analysis of surface waves (MASW) methods were used in 
the survey.  GPR data was collected along a series of traverses spaced one-foot apart, parallel to 
the roadway centerline.  MASW data was collected along four traverses parallel to the roadway 
centerline, including two in each traffic lane.   
 
Hager-Richter Geosciences, Inc. (H-R) of Salem, New Hampshire provided GPR and MASW 
survey services.  Their work was completed on July 29 and 30, 2010.  A report prepared by H-R 
containing the 2010 geophysical results is included in Appendix E. 
 
RECENT SITE RECONNAISANCE 
 
Following preliminary review of historical data, GZA conducted an on-site interview with 
Michael Claus, P.E., of the Kennebunk Public Works Department on June 29, 2010.  Mr. Claus 
provided clarification on the timeline and location of sinkhole-related events that have occurred 
since 2004.  The information provided by Mr. Claus is included in Table 1.  During this 
reconnaissance, GZA observed approximately 6 inches of sag in the granite curb along the 
northwest side of Route 1, the approximate limits of which are shown on Figure 1.  According to 
Mr. Claus, the curb was installed around 1960. 
 
GZA also requested information regarding the existing dam from Kennebunk Light & Power 
District.  The information provided (a recent inspection report) did not contribute to the seepage 
evaluation. 
 
SUMMARY OF FINDINGS 
 
GZA interpreted the historical and recent data identified in Table 1 and Figure 1 and contained 
in the appendices to generate the following summary of findings.   
 
 An abandoned sluiceway is located west of Abutment 1.  The sluiceway, constructed 

around 1850, is believed to have been 14 feet wide by 6 feet deep.   

 Three test borings have encountered sequences of wood and voids at depth intervals that 
coincide with historical accounts of the abandoned sluiceway.  The bottom of the 
sluiceway was apparently encountered between 18 and 20 feet below the existing ground 
surface in the test borings.  Some portions may be shallower or deeper within the 
roadway alignment.  The distance between encountered wood layers and/or thickness of 
apparent voids supports a 6-foot high sluiceway. 

 Based on the available data, the 14-foot wide sluiceway was most likely located within 
the area bounded by Sta. 14+25 to 14+51 at 25’ Lt. and Sta. 14+37 to 14+60 at 26’ Rt.  In 
GZA’s opinion, the practical limits of removal are from 25’ Lt. to 26’ Rt.  These plan 
limits are shown on Figure 1.   

 The sluiceway was reportedly filled in 1929.  No additional information regarding the fill 
material or the extent of sluiceway filled is available. 

 Groundwater seepage flow from the upstream dam or other up-gradient areas is believed 
to be one of the factors that has influenced the loss of ground and sinkhole formation.  
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Subsurface stormwater flow from abandoned utilities has also likely contributed to the 
piping.   

 A number of sinkhole related remediation activities have been documented in the area, 
including the construction of a concrete wall to cut off upstream end of the sluiceway 
from the river in 1936, plugging and/or removing abandoned utilities and rerouting 
drainage along Brown Street in 2004 and 2005, and numerous efforts to repair sinkholes 
in and around the South Approach spanning from 1940 through 2006.  The most recent 
remediation effort included drilling holes through the top of the sluiceway and pumping 
about 40 to 50 cubic yards of flowable fill in 2006.  Significant events and subsequent 
repairs are further documented in Table 1 and shown on Figure 1.  The repeated 
occurrence of sinkholes and settlement issues indicate that past repair efforts may not 
have been successful in remediating the sinkhole potential.  In addition, field notes and 
photographs from the 2004 and 2005 sinkhole repair efforts indicate that voids have been 
left in the approach fill where utilities were undermined. 

 Data generated from the geophysical survey in 2004 do not identify likely sluiceway 
limits.  However, the GPR results were indicative of settlement or filled sinkholes in the 
vicinity of the sluiceway.  These areas are identified on Figure 1. 

 Data from the 2010 GPR geophysical work was unable to provide data below depths of 3 
to 10 feet due to limited signal penetration.  The 2010 MASW results indicated persistent 
areas of low shear wave velocity material (anticipated loose soil) between depths of about 
6 and 14 feet in the expected vicinity of the sluiceway.  It is believed that the shear wave 
velocity of the sluiceway materials may not have contrasted enough with the low velocity 
material between depths of 6 and 14 feet to be detected.  Therefore, the sluiceway limits 
could not be inferred from the recent geophysical data, and the historical information 
summarized above was judged to be the best available to estimate the probable sluiceway 
limits. 

 
RECOMMENDATIONS 
 
GZA considered several alternatives to mitigate the sinkhole potential, including overexcavation 
and replacement (as presented in Contract Documents), grouting to fill voids and/or densify loose 
soil, and partial excavation and replacement.  It is GZA’s opinion that the available data do not 
adequately define the vertical and lateral extent of voids and abandoned structures such that a 
grouting or partial excavation option would be viable.  Therefore, the potential effectiveness of 
these methods would be uncertain, and there would be potential for future seepage-related issues 
to occur.  Therefore, it is GZA’s opinion that the sluiceway demolition concept of overexcavation 
and replacement in the General Notes on Sheet 2 of the project documents is the most appropriate 
alternative.   
 
We recommend that an Addendum be issued to the project documents to update the notes and pay 
items based on the information contained herein.  The recommended modifications to include in 
the Addendum are listed below, with new note text underlined: 
 
1. Note 1 – Modify second and third sentences as follows: “The sluiceway is believed to 

have been 14 feet wide by 6 feet deep based on historical accounts.  The 14-foot wide 
sluiceway was most likely located within the area bounded by Sta. 14+25 to 14+51 at 25’ 
Lt. and Sta. 14+37 to 14+60 at 26’ Rt.  The bottom of the sluiceway is believed to be 
between 17 and 21 feet below the existing ground surface.” 
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2. Note 2 – Modify as follows: “For bid purposes, the sluiceway removal limits should be 
assumed to be a 14-foot wide area within the limits defined above, extending from 25’ Lt. 
to 26’ Rt. and from the ground surface to a depth of 21 feet.  The removal may also 
include loose soil and/or voids adjacent to the sluiceway structure as defined by the 
Geotechnical Engineer.” 

3. Note 3 – Add a second sentence as follows: “For bid purposes, assume 70-foot long 
temporary earth support structures will be installed at 25’ Rt. and 25’ Lt.” 

4. Note 7 – Change current Note 7 to Note 8 and add the following: “Additional sinkhole 
information and recent geophysical data is presented in the geotechnical memorandum 
titled, “Summary of South Approach Sinkhole Issues, Kennebunk Bridge,” dated August 
24, 2010, which may be accessed at the MaineDOT web address.”  

 
CLOSURE 
 
We trust this provides the required information.  If you have any questions or require additional 
information, please feel free to contact Christopher Snow at (207) 358-5118. 
 
 
Attachments: Table 1 – Summary of Available Historical Sinkhole Related Information 

Figure 1 – Historical and Subsurface Data – Estimated Sluiceway and Sinkhole 
Locations 

  Appendix A – Limitations 
  Appendix B – Historical Sinkhole Data, Accounts and Photographs 
  Appendix C – Logs of Test Borings 

Appendix D – 2004 Geophysical Investigation Report 
Appendix E – 2010 Geophysical Investigation Report 
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Date(s)1 Event2 Description/Comments 

Historical Data / Early Records, 1942 and earlier 

1850 +/- Flumes constructed1, 14 Per Gilpatric historical account, Mousam Manufacturing Co. was believed to have built a large 
head flume and two other flumes, 14’ by 6’ and 6’by 6’ around the 1850s.  They were 
constructed of oak timber planks and puddled between with blue clay, as described in the 
following quote from Gilpatric: “From the head flume there was another extending under the 
street in to the Mill Yard and nearly down to boiler room of the Griffin & Reed Mill.  This was 
14 ft wide and 6 ft high.  A smaller one 6x6 ft carried the water to the wheel.”  Later accounts 
reference Leatheroid to have taken “about one-third of the basement [of the Griffin & Reed 
Mill]…in the corner of the boiler room a bleach room was built…”  Bleach/Boiler room 
indicated on Figure 1 for reference of flume orientation. 

Unknown Sketch from MaineDOT 
Archive2 

The larger flume is closer to Brown St. intersection.  An 8” water main is shown tying into the 
upstream end of the flume from the dam.  The smaller flume near the river, just behind the 
abutment, meets roadway just south of the stone wingwall at southwest corner of bridge. 

Approximate flume locations identified from sketch and shown on Figure 1 (30 foot tie from 
approximate end of west wing wall). 

1929 Flume Filled3 Per hand-written notes, states 14’ by 6’ dimensions and construction details listed above.  No 
additional details. 

9/25/1936 Construct concrete wall to cut 
off flume4 

State Highway Commission paid the town for construction of a concrete wall “to cut off the old 
flume that goes under the road and backfill.”   Indicates the dam wall will be extended to level 
of sidewalk and the lot will be graded.  Property was purchased by Mr. Parsons. 

7/12/40 Sinkhole (Newspaper)5, 14 Circular pit 16’ deep, 8’ by 12’ at top, broader at bottom, created by a cave-in behind the Shell 
gas station (filling station shown on 1942 Sanborn map at corner of Brown Street and Route 
1).  Article references historical account by Gilpatric and 14’ by 6’ flume at location of cave-in. 

1941-1942 Settlement issues6, 14 Penstock in not good condition, road has settled 6”.  Believed to be caused by leakage from 
catch basin pipes.  Refers to 1935 filling of Parson’s property (lot with the old Gilpatric 
homestead – shown on Figure 1) and says “Mr. Rogers did not want to do anything that 
would jeapordize his rights for flumes or shaft holes thru the bridge.”  Likely Mr. Rogers of 
Rogers Fibre Co. along west bank of river, directly south of the Griffin & Reed Mill, near the 
“lower dam”, in 1926 Sanborn map (no longer shown on 1942 Sanborn map).  12/6/41 letter 
indicates Mr. Rogers no longer cares about these rights and would allow filling.   
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Date(s)1 Event2 Description/Comments 

Recent Sinkholes, 2004-2008 

9/24/04 Sinkhole 1 7 Uncovered broken 15” clay drain pipe section, water outlets through pipe in abutment.  
Backfilled the sinkhole excavation with bank run gravel, compacted with an excavator bucket.  
Voids under the water main were not completely filled to avoid damage to the main.  Washout 
of base material appears to follow path of sluiceway.  The sluiceway was not observed in the 
excavation. 

9/27/04-9/30/04 Additional investigation of 
sinkhole by KPWD, MDOT 

Could not account for outlet of the basin at Rt. 1 and Brown Street.  Dye test indicates outflow 
through outcrop under bridge abutment on west side of Rt. 1.  Transmitting locater line 
confirms clay drain pipe exposed in sinkhole investigation comes from Rt. 1/Brown Street 
basin.  Estimated location shown on Figure 1 based on description of the location from 
documentation for the 7/6/05 sinkhole. 

10/6/04 NDT conducts GPR survey for 
sinkhole investigation8 

Results in 10/11/04 report, document location of possible wooden sluiceway and clay drain 
pipe.  GPR areas indicative of settlement or filled sinkholes shown on Figure 1 (brown 
hatched areas). 

10/18/04 RWG drills borings for sinkhole 
investigation 

Results in 11/9/04 report, voids in B2 from 14 to 20’ deep, wood and voids in B5 from 11 to 
18’ deep, potential wooden flume.  Recommend remove/backfill flume and grout clay pipes. 

2/1/05 Caswell structural assessment Report describes anticipated staging challenges during flume removal, mostly associated with 
excavation support and additional loads on abutments.  Concludes bridge would not be 
affected, but wingwall stability would require consideration. 

3/05-4/05 Install new Brown St. 
drainage9 

Installed to re-route drainage away from the abandoned clay pipe section in sinkhole.  
Documentation does not indicate whether clay pipe was removed or not.  Drainage routed 
down Brown St. to a swale.  KPWD placed a boot over the outlet from the catch basin at the 
corner of Brown Street and Route 1 to the abandoned clay pipe during this work.  
Approximate location of new drainage shown on Figure 1 (green hatched area along Brown 
Street). 
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Date(s)1 Event2 Description/Comments 

7/6/05 Sinkhole 2 10 About 4’ deep, 6’ by 6’ in plan, within previous pavement patch area.  Found intersection of 
clay pipes, removed and sealed pipes in all directions with brick and mortar.  Cavities 
observed in area of water main were not excavated or filled.  The utility duct bank in Route 1-
SB was undermined with active seepage, S to N, at the time of excavation.  KPWD 
backfilled/compacted.  The top of a concrete wall was exposed upstream from the sidewalk in 
the excavation.  Photos taken of sinkhole repair looking north from Cumberland Farms 
parking lot show offset at the north edge of the pavement patch from 9/04 relative to original 
pavement (indicates possible general subsidence).  Photos taken of pipe interior show short 
clay tile pipe sections with cracks and soil infilling. 

2005 +/- Sinkhole behind Cumberland 
Farms11 

Sinkhole repaired by excavating 8’ by 8’ area to 11’ depth, placing flowable fill in open 
excavation below 11’, and filling upper portion with granular fill.   

10/19/06 Hascall & Hall letter, solicited 
by KPWD (Mike Claus)12 

Propose to bore holes in road and pump flowable fill, leave casing in place and patch road on 
11/6/06-11/8/06.  No reference to tie limits of work – sketch indicates hydrant with no other 
features. 

11/6/06-11/8/06 Grouting in area of 
Sinkhole 2 1, 13 

Northern Test Boring drilled 4 holes for grouting, 2 in NB lane and 2 in SB lane.  Encountered 
wood at 12’ in SB lane (upstream), 15’ in NB lane (downstream), installed casing to extend 
below wood layer.  Hascall & Hall placed concrete fill in SB holes first, noted concrete fill in 
NB holes during process, then completely filled holes in NB side.  Recent correspondence 
with Mike Claus, KPWD, indicates expected grout flowable fill volume was 110 cy, actual 
volume placed was 40 to 50 cy.  

 

Notes: 
1. Dates provided for vents are based on information from attached references. 
2. Superscript numbering for events indicates the reference(s) used to develop information. 
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Cited References: 
1. Gilpatric, George A.  The Village of Kennebunk, Maine.  Kennebunk, Maine:  The Star Print, Inc., 1935. 
2. Undated sketch from the Maine DOT archives, provided by Mike Claus (Kennebunk Public Works Department; KPWD). 
3. Hand written notes, page 33, provided by Mike Claus (KPWD). 
4. State Highway Commission official letter to Mr. Max Wilder, Bridge Engineer, Augusta, Maine, dated September 25, 1936. 
5. “Cave-In of Old Flume in Mill Yard.” Kennebunk Star.  July 12, 1940.  Follow-up articles published August 30, 1940 and December 20, 

1940. 
6. Official correspondence between H.L. Greenleaf (State Highway Commission) and Max Wilder (Bridge Engineer) regarding the request to 

close the drain on the bridge that allows for water to flow into restaurant property.  Copies of letters between the two parties dated 
November 18, 1941, November 19, 1941, November 27, 1941, December 6, 1941, and August 10, 1942. 

7. Email and photo documentation of sinkhole and repair efforts between Karen Gross (Maine DOT), Marc Guimont (Maine DOT), and Mike 
Claus (KPWD) provided by Mike Claus (KPWD). 

8. NDT Corporation.  GPR Sinkhole Investigation, US RT 1, Kennebunk, Maine, prepared for Kennebunk Public Works, October 11, 2004.  
(Appendix D of this report). 

9. Photo documentation of drainage installation provided by Mike Claus (KPWD). 
10. Email and photo documentation of sinkhole between Mike Claus (KPWD), Marc Guimont (Maine DOT), and others provided by Mike Claus 

(KPWD). 
11. Details of sinkhole event provided during interview and site walk with Mike Claus (KPWD) and Andy Blaisdell (GZA) on June 29, 2010. 
12. Hascall & Hall letter to Mike Claus (KPWD), dated October 19, 2006.  Copy provided by Mike Claus (KPWD). 
13. Photo documentation of sinkhole repair provided by Mike Claus (KPWD).  Project Costs Worksheet for repair, dated March 23, 2007 and 

authorized by Mike Claus (KPWD) provided by Mike Claus (KPWD).  Copies of field note documentation for sinkhole repair, dated 
November 6 through November 8, 2006 provided by Mike Claus (KPWD).  

14. Historic Fire Insurance Maps, Sanborn Maps collections for Kennebunk, Maine dated 1885, 1891, 1895, 1901, 1906, 1911, 1926, 1942, 
and 1962. 

 



 

 

FIGURE 





 

 

APPENDIX A 
 

LIMITATIONS 



 

 

 LIMITATIONS 
 
Explorations 
 
1. The analyses and recommendations in this report are based in part upon the data obtained 

from subsurface explorations. The nature and extent of variations between these explorations 
may not become evident until construction.  If variations then appear evident, it will be 
necessary to re-evaluate the recommendations of this report. 

2. The generalized soil profile described in the text is intended to convey trends in subsurface 
conditions. The boundaries between strata are approximate and idealized and have been 
developed by interpretations of widely spaced explorations and samples; actual soil 
transitions are probably more erratic. For specific information, refer to the boring logs. 

3. Water level readings have been made in the drill holes at times and under conditions stated 
on the boring logs. These data have been reviewed and interpretations have been made in the 
text of this report. However, it must be noted that fluctuations in the level of the groundwater 
may occur due to variations in rainfall, temperature, and other factors occurring since the 
time measurements were made. 

 
Review 
 
4. In the event that any changes in the nature, design, or location of the proposed structures are 

planned, the conclusions and recommendations contained in this report shall not be 
considered valid unless the changes are reviewed and conclusions of this report modified or 
verified in writing by GZA GeoEnvironmental, Inc. It is recommended that this firm be 
provided the opportunity for a general review of final design and specifications in order that 
earthwork and foundation recommendations may be properly interpreted and implemented 
in the design and specifications. 

 
Construction 
 
5. It is recommended that this firm be retained to provide soil engineering services during 

construction of the excavation and foundation phases of the work. This is to observe 
compliance with the design concepts, specifications, and recommendations and to allow 
design changes in the event that subsurface conditions differ from those anticipated prior to 
start of construction. 

 
Use of Report 
 
6. This soil and foundation engineering report has been prepared for this project by GZA 

GeoEnvironmental, Inc. This report is for design purposes only and is not sufficient to 
prepare an accurate bid.  Contractors wishing a copy of the report may secure it with the 
understanding that its scope is limited to design considerations only. 

7. This report has been prepared for this project by GZA GeoEnvironmental, Inc. for the 
exclusive use of the Maine Department of Transportation and their project team for 
specific application to the Kennebunk Bridge over the Mousam River in Kennebunk, 
Maine in accordance with generally accepted soil and foundation engineering practices. 
No Warranty, express or implied, is made. 



 

 

APPENDIX B –HISTORICAL SINKHOLE DATA,  
ACCOUNTS AND PHOTOGRAPHS 











 
Sketch from MaineDOT maintenance files 

Note flume references 

































Route 1 - Brown Street Drainage 001

Route 1 - Brown Street Drainage 002



Route 1 - Brown Street Drainage 005

Route 1 - Brown Street Drainage 006



Route 1 - Brown Street Drainage 007

Route 1 - Brown Street Drainage 008
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Snkhole Repair 7-6-05 006
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Snkhole Repair 7-6-05 008



Snkhole Repair 7-6-05 009

Snkhole Repair 7-6-05 010



Snkhole Repair 7-6-05 011

Snkhole Repair 7-6-05 012



Snkhole Repair 7-6-05 013

Snkhole Repair 7-6-05 014



Snkhole Repair 7-6-05 015

Snkhole Repair 7-6-05 016



Snkhole Repair 7-6-05 017

Snkhole Repair 7-6-05 018



Snkhole Repair 7-6-05 019

Snkhole Repair 7-6-05 020



Snkhole Repair 7-6-05 021

Snkhole Repair 7-6-05 022



Snkhole Repair 7-6-05 023

Snkhole Repair 7-6-05 024



Snkhole Repair 7-6-05 025

Snkhole Repair 7-6-05 026



Snkhole Repair 7-6-05 027

Snkhole Repair 7-6-05 028
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 FIRE INSURANCE MAP ABSTRACT RESEARCH RESULTS

Listed below, please find the results of our search for historic fire insurance maps, performed in 
conjunction with your Environmental FirstSearch® report.

6/29/2010

09.0025597.10

KENNEBUNK, ME 04043

CityState Date Volume Sheet Number(s)
Maine Kennebunk 1962 none 2, abutter; 7

Maine Kennebunk 1942 none 2, abutter; 7

Maine Kennebunk 1926 none 2, abutter; 7

Maine Kennebunk 1911 none 2, abutter; 3, 5

Maine Kennebunk 1906 none 1

Maine Kennebunk 1901 none 1

Maine Kennebunk 1895 none 1

Maine Kennebunk 1891 none 1

Maine Kennebunk 1885 none 1

This abstract is the result of a visual inspection of various Sanborn® Map collections.  Supporting 
documentation follows in the Appendix.  Use of this material is meant for research purposes only.

Certain Sanborn® Fire Insurance Maps are copyrighted material and may not be reproduced without the expressed permission of the Sanborn Map Company or other authorized third party 
distributors.  Any reproduction of this material is covered under the copyright law of the United States (Title 17 U.S. Code) for which customer assumes all liability for the making of 
photocopies or other reproductions of copyrighted material.  FirstSearch Technology Corporation warrants that it will employ its best efforts to maintain and deliver its information in an 
efficient and timely manner. Customer acknowledges that it understands that FirstSearch Technology Corporation obtains the above information from sources FirstSearch Technology 
Corporation considers reliable.  However, THE WARRANTIES EXPRESSED HEREIN ARE IN LIEU OF ALL OTHER WARRANTIES, either expressed or implied, including without 
limitation any implied warranty of merchantability or fitness or suitability for a particular purpose (whether or not FirstSearch Technology Corporation may know, have reason to know, or have 
been advised of such purpose), whether arising by law or by reason of industry custom or usage. ALL SUCH OTHER WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED.

FirstSearch Technology Corporation 10 Cottage Street, Norwood, MA 02062 
Tel: 781-551-0470 Fax: 781-551-0471

Copyright Policy Disclaimer    
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APPENDIX C – LOGS OF TEST BORINGS 



0

5

10

15

20

25

1D
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3D

4D

5D

6D

7D

8D

9D

10D

18/14

24/24

24/21

24/16

24/8

24/9

19/9

24/8

24/10

7/1

1.4 - 2.9

3.0 - 5.0

5.0 - 7.0

7.0 - 9.0

9.0 - 11.0

11.0 - 13.0

13.0 - 14.6

15.0 - 17.0

17.0 - 19.0

19.0 - 19.6

20-29-24

13-13-9-9

4-5-4-5

4-3-8-9

5-4-3-4

4-2-2-3

2-1-46-50/0.1'

8-4-3-3

1-1-25-7

30-50/0.1'

53

22

9

11

7

4

47

7

26

 53

 22

  9

 11

  7

  4

 47

  7

 26

Auger

8

6

10

13

15

9

10

12

15

18

20

21

35

RC

47.8

44.2

39.9

37.5
37.3

36.2
36.0

31.5
31.3

29.6

28.2

Asphalt.

1.4
Brown, dry, very dense, gravelly fine to coarse SAND, trace
Silt.
-FILL-
Brown/dark brown, layered, dry, medium dense, fine to
coarse SAND, little Gravel, trace Silt, layering of fine to
coarse sand and fine sand.
-FILL-

5.0
Top 3": Brown, moist, loose, fine to medium SAND, layered
with Sandy Clay.
Bottom 18": Gray/brown,  moist, stiff, lean CLAY, some
fine to medium Sand, trace Gravel, appeared reworked.
-FILL-
Gray/brown, moist, stiff, fine to medium Sandy CLAY.
-FILL-

Top 4": Gray/brown, moist, medium stiff,  fine to coarse
Sandy CLAY.

9.3
Bottom 4": Gray, moist, loose, silty fine SAND, poorly
graded, non plastic, organic fibers within.
Top 7": Blue/gray, medium stiff, fine to coarse silty SAND,
brick fragments within.

11.7
Horizontal grained wood in tip.

11.9
Apparent void from 11.9' to 13.0'.

13.0
Top: Horizontal grained wood.

13.2
Bottom: Light gray/white, moist, medium SAND, little Silt,
probable voids.
-FILL-
Gray, wet, medium dense, fine to coarse SAND, some
Gravel, little Silt.
-FILL-
Top 8": Gray, wet, very loose, medium SAND, little Silt,
trace Gravel. Probable voids from 17 to 17.7'. 1911 penny in
recovery.

17.7
Bottom 2": Wood,  horizontal grained.

17.9
Piece of Gravel/ledge.

19.6
Rolled to 21' below ground surface. Consistent resistance
indicates probable bedrock from 19.6 to 21.0'.

21.0
Bottom of Exploration at 21.00 feet below ground surface.

CL/A-6/IV

SM/A-4/II

SM/A-1-b/0

SM/A-1-b/0

Maine Department of Transportation Project: Kennebunk Bridge Replacement Boring No.: BB-KMR-301
Soil/Rock Exploration Log Location: Kennebunk, ME
US CUSTOMARY UNITS PIN: 15098.00

Driller: Maine Test Boring Elevation (ft.) 49.2 Auger ID/OD: NA

Operator: Brad Enos Datum: NAVD 88 Sampler: Standard Split

Logged By: Eric Baron Rig Type: Mobile B 53 Truck Rig Hammer Wt./Fall: 140#/30"

Date Start/Finish: 06/02/10-06/02/10 Drilling Method: Cased Wash Boring Core Barrel: NQ

Boring Location: Sta. 14+40, 12.5' L Casing ID/OD: 3"/3.5" Water Level*:

Hammer Efficiency Factor: 0.6 Hammer Type: Automatic Hydraulic Rope & Cathead 
Definitions: R = Rock Core Sample Su = Insitu Field Vane Shear Strength (psf) Su(lab) = Lab Vane Shear Strength (psf)
D = Split Spoon Sample SSA = Solid Stem Auger Tv = Pocket Torvane Shear Strength (psf) WC = water content, percent
MD = Unsuccessful Split Spoon Sample attempt HSA = Hollow Stem Auger qp = Unconfined Compressive Strength (ksf) LL = Liquid Limit
U = Thin Wall Tube Sample RC = Roller Cone N-uncorrected = Raw field SPT N-value PL = Plastic Limit
MU = Unsuccessful Thin Wall Tube Sample attempt WOH = weight of 140lb. hammer Hammer Efficiency Factor = Annual Calibration Value PI = Plasticity Index
V = Insitu Vane Shear Test WOR = weight of rods N60 = SPT N-uncorrected corrected for hammer efficiency G = Grain Size Analysis
MV = Unsuccessful Insitu Vane Shear Test attempt WO1P = Weight of one person N60 = (Hammer Efficiency Factor/60%)*N-uncorrected C = Consolidation Test

Remarks:

Stratification lines represent approximate boundaries between soil types; transitions may be gradual.
* Water level readings have been made at times and under conditions stated.  Groundwater fluctuations may occur due to conditions other than those

present at the time measurements were made. Boring No.: BB-KMR-301
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0.  EXECUTIVE SUMMARY

Hager-Richter Geoscience, Inc. (Hager-Richter) conducted a surface geophysical survey
consisting of Multichannel Analysis of Surface Waves (MASW) and ground penetrating radar
(GPR) methods at the western approach of the Route 1 bridge over the Mousam River in
Kennebunk, Maine for GZA GeoEnvironmental, Inc. (GZA) in July 2010.  The objective of the
survey was to detect, and if detected, to locate possible sinkholes and to detect, if possible,
historic timber flumes related to the formation of the sinkholes under the paved surface of US
Route 1 between Brown Street and the bridge. The survey was conducted in support of an
ongoing engineering investigation of the bridge and approaches by GZA for the Maine
Department of Transportation. 

The US Route 1 bridge is located a short distance downstream from a small power dam.
According to information provided by GZA, three flumes were reportedly constructed extending
from the dam downstream, and if present are located under the existing roadway.  The flumes
were constructed with oak timber planks and are approximately 10 to 20 feet below the ground
surface.  The flumes were reportedly filled in 1929.  Sinkholes formed in the roadway south of
the bridge in 2004 and 2005.  The sinkholes reportedly might be related to the former flumes.  

Borings located within the area of interest, indicate that the subsurface below the asphalt
consists of sands with some silt, gravel, and clay layers above phyllitic bedrock.  The top of
weathered bedrock was reported at depths of between approximately 14 and 25.5 feet. Possible
voids or loose fill within probable former flumes were reported within the approximately 11 to
20 foot depth interval in borings B-2, B-5, and BB-KMR-301, and thin wood layers were
detected near the top and bottom of this interval in B-5 and BB-KMR-301. 

The MASW survey consisted of four seismic lines designated as MASW Lines 1 - 4 and
the ground penetrating radar survey consisted of GPR traverses spaced 1 foot apart in the area of
interest located on the roadway of US Route 1 between its intersection with Brown Street and the
bridge.

  Based on the results of the MASW and GPR survey results at the western approach of the
Route 1 bridge over the Mousam River in Kennebunk, Maine for GZA GeoEnvironmental, Inc.
(GZA), we conclude:

• The former flume structures were not detected by the geophysical survey.

• An almost continuous, approximately 5-foot thick low shear wave velocity (410 to 700
fps) zone was detected for all four seismic lines, and the top of the low-velocity zone
ranges from approximately 5 to 10 feet below the ground surface.  
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• Small low shear wave velocity zones were detected in the near surface for all lines, and

are concentrated between approximately 0+40 and 0+80 stationing.  The near-surface low
velocity zone has a broad correlation to an area containing a filled depression as
interpreted in the GPR data.

• Voids were not detected by the GPR survey. 

• The GPR records contain reflections consistent with a filled depression that crosses the
road in the vicinity of a patched and sunken area of the sidewalk on the north side of the
roadway.  Based on boring information that record wood layers and filled-in voids and
historical information about repeated repairs to sinkholes in the vicinity, we interpret the
filled in depression to represent the frequently repaired zone above one of the former
sluiceways. 

• Two other possible filled depressions were detected by the GPR survey on the eastern end
of the area of interest.

• Linear features or utility line segments were detected by the GPR survey.

• Possible flat topped structures were detected by the GPR survey.
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1.  INTRODUCTION

Hager-Richter Geoscience, Inc. (Hager-Richter) conducted a surface geophysical survey
consisting of Multichannel Analysis of Surface Waves (MASW) and ground penetrating radar
(GPR) methods at the western approach of the Route 1 bridge over the Mousam River in
Kennebunk, Maine for GZA GeoEnvironmental, Inc. (GZA) in July 2010.  The objective of the
survey was to detect, and if detected, to locate possible sinkholes and to detect, if possible,
historic timber flumes possibly related to the formation of the sinkholes under the paved surface
of US Route 1 between Brown Street and the bridge. The survey was conducted in support of an
ongoing engineering investigation of the bridge and approaches by GZA for the Maine
Department of Transportation. 

The bridge is located on US Route 1 over the Mousam River between Brown Street and
Water Street in Kennebunk.   The general location of the Site is shown in Figure 1, and Figure 2
is a Site Plan showing the location of the four MASW lines and the GPR survey area.  A small
power dam is located 20-30 feet upstream of the bridge.  According to information provided by
GZA, three flumes were reportedly constructed extending from the dam downstream and, if
present, are expected to be located under the existing roadway.  The flumes were constructed
with oak timber planks and are approximately 10 to 20 feet below the ground surface.  The
flumes were reportedly filled in 1929.  Sinkholes formed in the roadway south of the bridge in
2004 and 2005.  The sinkholes are possibly related to the former flumes.  

As part of an ongoing engineering investigation of the Site, GZA requested a surface
geophysical survey to locate possible additional sinkholes and, if possible, to detect the flumes
related to the formation of the sinkhole features in an area of interest along the paved surface of
US Route 1 that extends from the intersection of US Route 1 and Brown Street to the bridge. 
The area of interest was approximately 160 feet long and 45 feet wide. 

Borings located within the area of interest, including B-2 through B-5, BB-KMR-106,
BB-KMR-106A, BB-KMR-201, and BB-KMR-301 through BB-KMR-303, indicate that the
subsurface below the asphalt consists of sands with some silt, gravel, and clay layers above
phyllitic bedrock.  The top of weathered bedrock was reported at depths of between
approximately 14 and 25.5 feet where encountered, and appears to be shallowest immediately
west of the edge of the abutment, and deepens towards Brown Street.  Possible voids or loose fill
within probable former flumes were reported within the approximately 11 to 20 foot depth
interval in borings B-2, B-5, and BB-KMR-301, and thin wood layers were detected near the top
and bottom of this interval in B-5 and BB-KMR-301.  Wood fibers were also detected at
approximate depths of 16 feet, 7 feet, and 9 feet in B-2, B-4, and BB-KMR-303, respectively. 
Generally, a zone of low N-values (10 or less) was recorded in most of the borings.  The top of
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the low N–value zone was typically encountered between 4 and 8 feet below the ground surface
and the thickness of the zone ranged from approximately 2 to 8 feet.

Steven Grant, P.G., and Eric Rickert of Hager-Richter conducted the geophysical survey
on July 29 and 30, 2010.  The field work was coordinated with Mr. Andrew Blaisdell, P.E., G.E.,
of GZA.  Mr. Michael Devoid, also of GZA, was present in the field, indicated the area of
interest, and assisted with the survey, including traffic control and coordination with a private
flagger and  Town of Kennebunk Police officers assigned to traffic detail.  Generally,
geophysical surveying was conducted in the northbound lane on July 29 and in the southbound
lane on July 30. Data analysis and interpretation were completed at the Hager-Richter offices. 
Original data and field notes will be retained in the Hager-Richter files for a minimum of three
years.
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2.  MASW SURVEY

2.1 Equipment and Procedures  

The multichannel analysis of surface waves (MASW) method is a seismic method that
determines a shear-wave velocity (Vs) profile (i.e., Vs versus depth and horizontal distance) by
analyzing a particular type of seismic wave on a multichannel record.  The MASW method uses
Rayleigh waves which are elastic waves that travel in the subsurface near the earth’s surface. 
The amplitude of such waves decreases with depth and the phase velocity of the waves is a
function of frequency.  The method uses multichannel recording and processing concepts widely
used in reflection surveying by the oil and gas industry.

MASW requires multichannel records with at least 12 traces to produce reliable results. 
We use  48 channels (two 24-channel Geometrics Geode digital seismographs), coupled to 48
geophones to acquire 24-trace records.  The series of 24-trace records are obtained by rolling or
stepping the spread of 24 receivers for each source location keeping the same shot-receiver
geometry throughout the spread.  We used 4.5-Hz low natural frequency vertical geophones for
the survey.
 

The MASW survey was conducted using an active source, consisting of a 12-lb sledge
striking an aluminum plate placed on the ground.  Levels of ambient noise were monitored in real
time during data acquisition.  Ambient noise was not utilized by the survey but was avoided by
waiting for times when nearby traffic (the main source of ambient noise) was not adversely
affecting the quality of the data.  

The surface waves used in MASW, considered noise in refraction and reflection surveys,
are enhanced during data acquisition and processing for the MASW method.  The seismic data
are analyzed using SurfSeis 2.0, a commercially licensed software package developed by the
Kansas Geological Survey.  Results can be presented as 2-D graphical plots using contouring
software such as Surfer or in tabular form showing shear wave velocity as a function of depth at a
given station.  The data for many stations acquired along a survey line can be presented as a
contour plot of the shear wave velocity as a function of depth and distance along the line.

As discussed above, data are acquired for 24 channels at a time and the resulting 1-D
shear wave distribution as a function of depth is assigned the horizontal position at the center of
the 24-channel spread.  The 1-D distributions are then combined to provide shear wave velocity
distribution across the survey line and are presented as 2-D color plots.  The variations in color
correspond to apparent variations in subsurface shear wave velocity for the overburden and
bedrock. 
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2.2  Limitations of the Method  

As with all physical measurements, there is experimental error in the velocities that are
determined using the MASW method.  The uncertainty in velocity of shear waves for the MASW
method is estimated to be approximately 15%.  The depth of investigation is a function of the
noise spectrum, and long wave lengths (low frequencies) are required to determine velocity at
large depths. 

2.3  Site Specific  

The locations of the survey lines are shown on Figure 2.  The MASW survey used 48
geophones and a geophone spacing of 3 feet for all lines, such that geophones were continuously
installed between stations 0+00 and 1+41 on each line.  This arrangement yields velocities as a
function of depth for the interval between stations 0+33 on the west end to 1+08 or 1+11 on the
east end of the lines. The data are processed for all 48 geophones, but only the central portion of
the line has enough data coverage to generate the vertical velocity profile.  The seismic source
was a 12-pound sledge hammer striking a steel plate and/or the ground surface. 

2.4  Results

The MASW survey consisted of four seismic lines designated as MASW Lines 1 - 4.  The
locations of the lines are shown in Figure 2.  Figure 3 shows the MASW results for each line. 
Generally, the subsurface below the asphalt consists of sands with some silt, gravel, and clay
layers above phyllitic bedrock.  The top of weathered bedrock was reported at depths of between
approximately 14 and 25.5 feet, where encountered.  Possible voids or loose fill within probable
former flumes, sometimes associated with wood layers, were reported within the approximately
11 to 20 foot depth interval in borings B-2, B-5, and BB-KMR-301. In addition, a zone of low N-
values (10 or less) was recorded in most of the borings.  The top of the low N-value zone was
typically encountered between 4 and 8 feet below the ground surface and the thickness of the
zone ranged from approximately 2 to 8 feet.

The quality of the MASW data is good to excellent.  The data quality is determined based
on the ease with which a dispersion curve can be fit to the data. 

As discussed above, the MASW method determines the shear wave velocity distribution
with depth and distance for the central portion of each seismic spread of 48 channels, at least for
the SurfSeis 2.0 software.  The velocity profiles for the four survey lines determined with the
MASW method are shown in graphical form in Figure 3.  Several borings are located near three
of the four seismic survey lines, and are represented on the profiles, showing the depth of
probable bedrock and N-values as reported in the boring logs.  The seismic profiles shown in
Figure 3 indicate the presence of lower velocity soils overlying higher velocity bedrock, generally
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corresponding to the blue-green colors and orange-red colors, respectively.  An approximate top
of bedrock is shown on each of the profiles, based in part on information from boring logs and on
the shear wave velocities.

An almost continuous, approximately 5-foot thick low-velocity shear wave zone was
detected for all four seismic lines, and the top of the low-velocity zone ranges from
approximately 5 to 10 feet below the ground surface.  The shear wave velocity in the low-
velocity zones ranges from approximately 410 to 700 fps. The low-velocity zone as detected by
the MASW survey has a broad correlation to the intervals of low-N-values recorded in the boring
logs, although in general, the MASW low velocity zone is a few feet deeper.

In addition, less continuous low velocity zones were detected in the near surface for all
lines, and are concentrated between approximately 0+40 and 0+80 stationing.  The near-surface
low velocity zone has a broad correlation to an area containing a filled depression as interpreted
in the GPR data (see section 3.4, below).  The limits of the interpreted filled depression are
shown in Figure 3 for comparison.

The former flumes were not detected by the MASW survey.  One possible explanation is
that the shear wave velocity of the former flume structures did not contrast strongly enough with
surrounding materials to be detectable.  We note that the almost continuous, approximately 5-
foot thick, low-velocity shear wave zone (discussed above) may be located in the same
approximate depth range as the former flume structures, so that the presumed low velocity
characteristics of the former flume structures cannot be distinguished from the low-velocity shear
wave zone .   
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ns, abbreviation for nanosecond, 1/1,000,000,000 second.  Light and the GPR signal require about 1     1

ns to travel 1 ft in air.  The GPR signal requires about 3.5 ns to travel 1 ft in unsaturated sandy soil.
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3.  GPR SURVEY

3.1 Equipment and Procedures

The GPR survey was conducted using a Sensors & Software Smart Cart Noggin Plus
digital subsurface imaging radar system.  The system includes a survey wheel that triggers the
recording of the data at fixed intervals, thereby increasing the accuracy of the locations of
features detected along the survey lines.  The system was used with a 250 MHz antenna.  We
used 60 ns  and 90 ns time windows for the project.1

GPR uses a high-frequency electromagnetic pulse (referred to herein as “radar signal”)
transmitted from a radar antenna to probe the subsurface.  The transmitted radar signals are
reflected from subsurface interfaces of materials with contrasting electrical properties.  Travel
times of the radar signal can be converted to approximate depth below the surface by correlation
with targets of known depths or by analyzing the shapes of hyperbolic reflections.  We monitor
the acquisition of GPR data in the field and record the GPR data digitally for subsequent
processing.  Interpretation of the records is based on the nature and intensity of the reflected
signals and on the resulting patterns. 

3.2 Limitations of the Method

HAGER-RICHTER GEOSCIENCE, INC. MAKES NO GUARANTEE THAT ALL
VOIDS, AREAS OF SUBSIDENCE, AND OTHER FEATURES OF INTEREST
WERE DETECTED IN THIS SURVEY.  HAGER-RICHTER GEOSCIENCE, INC.
IS NOT RESPONSIBLE FOR DETECTING VOIDS, AREAS OF SUBSIDENCE,
OR OTHER FEATURES OF INTEREST THAT CANNOT BE DETECTED DUE
TO THE LIMITATIONS OF THE GPR METHOD OR BECAUSE OF SITE
CONDITIONS.

There are other limitations of the GPR technique:  (1) surface conditions, (2) electrical
conductivity and thickness of the subsurface layers, (3) electrical properties of the target(s), and
(4) spacing of the traverses.  Of these restrictions, only the last is controllable by us in most
cases. 

The condition of the survey surface can affect the quality of the GPR data and the depth
of penetration of the GPR signal.  For exterior sites, a surface covered with obstacles such as
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automobiles, dumpsters, thick leaf debris, materials piles, etc. limit the survey access.  Similarly,
for interior sites, a surface covered with obstacles such as desks, benches, laboratory equipment,
etc. also limit access.  Some floor coverings may limit the coupling of the GPR antenna with the
subsurface. 

The electrical conductivity of the subsurface determines the attenuation of the GPR
signals, and thereby limits the maximum depth of exploration.  The GPR signal does not
penetrate clay-rich soils or soils contaminated with road salt.  In some cases, the GPR signal may
not penetrate below concrete pavement, and some asphalts are electrically conducting.

A strong contrast in the electrical conductivities of the ground and the target (for
examples, UST, pipe, void, dry well, drum, contaminant plume) is required to obtain a reflection
of the GPR signal.  If the contrast is too small, then the reflection may be too weak to recognize,
and the target can be missed.

Spacing of the traverses is limited by access at many sites, but where flexibility of
traverse spacing is possible, the spacing is adjusted on the basis of the size of the target.

3.3 Site Specific

GPR data were acquired along traverses oriented sub-parallel to US Route 1 and spaced 1
foot apart using a 250 MHz antenna and a 60ns time window.  In addition, GPR data were
acquired along traverses oriented sub parallel to US Route 1 and spaced 5 feet apart using a 90ns
time window, although no additional features were detected between 60 and 90ns.

3.4 Results

The ground penetrating radar survey was conducted using a 250 MHz antenna.   Figure 4
shows the locations of the GPR traverses and our interpretation of the GPR data.  Figure 5 is an
example GPR profile showing several features of interest.  Appendix 2 consists of plates
showing all GPR profiles.  With the exception of a zone of limited GPR penetration located in
the center of the western end of the area of interest, apparent GPR signal penetration was fair to
good, with reflections recorded for 30-60 ns.  Based on velocity matching calibrations made for
the site and on handbook time-to-depth conversions for the GPR signal in average to sandy soils,
the GPR signal penetration is estimated to have been approximately 5 to 10 feet over most of the
area of interest.  However, GPR signal penetration was limited to 15 ns (approximately 2.5 feet)
in the center of the western end of the area of interest. 

The GPR records do not indicate the presence of voids.  Interpretation of GPR data is
based on the fact that transmitted radar signals are reflected at subsurface interfaces of materials
with contrasting electrical properties.  Regions with low to moderate amplitude reflections are
likely to be areas of relatively homogeneous materials, since the GPR signal passes through
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homogeneous media with little reflection.  Areas of high amplitude reflections are inferred to
indicate regions where materials with contrasting electrical properties are present.  In GPR
sections, a void will typically produce localized zones of relatively high amplitude, low
frequency GPR reflections - a phenomenon commonly referred to as “ringing.”  Based on this
criterion, no evidence of voids was detected in the area of interest from the GPR sections.  

The GPR records contain reflections consistent with a filled depression that crosses the
road in the vicinity of a patched and sunken area of the sidewalk on the north side of the
roadway.  The edges of the filled depression that crosses the roadway are shown on Figure 4 and
represent interfaces that dip from a depth of 1 foot toward the interior of the filled depression. 
The upper edges of dipping reflections are most prominent at a depth of approximately 1 foot,
but reflections from approximately 3 feet were detected at the edges of the road where GPR
signal penetration was deeper.  Figure 5 is an example GPR record showing the dipping
interfaces.  In the center of the roadway, GPR signal penetration is very limited, and dipping
reflections are not observed, although a change in the character of the horizontal banding
indicates the presence of a shallow pavement patch (not observable at the surface, presumedly
because of a newer asphalt resurfacing).  

The GPR signal penetration was not sufficient to detect the expected sluiceway between
10 and 15 foot depth in the vicinity of the filled depression that crosses the roadway.  However,
based on boring information that records wood layers and filled-in voids (B-2, B-5, and BB-
KMR-301) and historical information about repeated repairs to sinkholes in the vicinity, we
interpret the filled in depression to represent the frequently repaired zone above one of the former
sluiceways. 

Two other possible filled depressions were detected by the GPR data on the eastern end
of the area of interest and the edges of the possible filled depressions are shown on Figure 4 as
interfaces that dip from a depth of approximately 3 feet toward the interior of the filled
depression.  Of the two, the possible filled depression located along the southern edge of the
roadway appears more prominent.

The GPR records also contain reflections typical of linear features or utility line segments
that are shown on Figure 4 as bold dashed black lines with depth annotations.  Several of the
short segments are located within and are oriented parallel to the filled depression that crosses the
roadway.  It is possible that such linear features within the filled depression represent structures
related to former repairs (retaining walls, forms, construction debris), or may be diffractions from 
slope edges.

The GPR records contain reflections that are consistent with flat topped structures, and
such features are shown with approximate depth annotations on Figure 4.  One prominent flat
topped structure with an interpreted depth of 8 feet is located along the southern edge of the road
in the eastern portion of the area of interest and overlaps with one of the filled depressions.  The



HAGER-RICHTER
GEOSCIENCE, INC.

Surface Geophysical Survey
US Route 1 Kennebunk Bridge 
Kennebunk, Maine
File 10J44            August, 2010

- 9 -

identity of such a feature is unknown, although based on its location adjacent to the abutment it is
consistent with the horizontal location of one of the former filled sluiceways.  The lateral extent
of the 8-foot deep flat topped structure was not fully determined because GPR signal penetration
deteriorated toward the center of the roadway.  The 8 foot-deep flat topped reflections from
dipping interfaces located above it are shown on the example GPR record in Figure 5. 
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5.  CONCLUSIONS

Based on the results of a surface geophysical survey consisting of Multichannel Analysis
of Surface Waves (MASW) and ground penetrating radar (GPR) methods at the western
approach of the Route 1 bridge over the Mousam River in Kennebunk, Maine for GZA
GeoEnvironmental, Inc. (GZA), we conclude:

• The former flume structures were not detected by the geophysical survey.

• An almost continuous, approximately 5-foot thick low shear wave velocity (410 to 700
fps) zone was detected for all four seismic lines, and the top of the low-velocity zone
ranges from approximately 5 to 10 feet below the ground surface.  

 
• Small low shear wave velocity zones were detected in the near surface for all lines, and

are concentrated between approximately 0+40 and 0+80 stationing.  The near-surface low
velocity zone has a broad correlation to an area containing a filled depression as
interpreted in the GPR data.

• Voids were not detected by the GPR survey. 

• The GPR records contain reflections consistent with a filled depression that crosses the
road in the vicinity of a patched and sunken area of the sidewalk on the north side of the
roadway.  Based on boring information that records wood layers and filled-in voids and
historical information about repeated repairs to sinkholes in the vicinity, we interpret the
filled in depression to represent the frequently repaired zone above one of the former
sluiceways. 

• Two other possible filled depressions with were detected by the GPR survey on the
eastern end of the area of interest.

• Linear features or utility line segments were detected by the GPR survey.

• Possible flat topped structures were detected by the GPR survey.
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5.  LIMITATIONS

This report was prepared for the exclusive use of GZA GeoEnvironmental, Inc. (Client). 
No other party shall be entitled to rely on this Report or any information, documents, records,
data, interpretations, advice or opinions given to Client by Hager-Richter Geoscience, Inc. (H-R)
in the performance of its work.  The Report relates solely to the specific project for which H-R
has been retained and shall not be used or relied upon by Client or any third party for any
variation or extension of this project, any other project or any other purpose without the express
written permission of H-R. Any unpermitted use by Client or any third party shall be at Client's
or such third party's own risk and without any liability to H-R.

H-R has used reasonable care, skill, competence and judgment in the preparation of this
Report consistent with professional standards for those providing similar services at the same
time, in the same locale, and under like circumstances.  Unless otherwise stated, the work
performed by H-R should be understood to be exploratory and interpretational in character and
any results, findings or recommendations contained in this Report or resulting from the work
proposed may include decisions which are judgmental in nature and not necessarily based solely
on pure science or engineering.  It should be noted that our conclusions might be modified if
subsurface conditions were better delineated with additional subsurface exploration including,
but not limited to, test pits, soil borings with collection of soil and water samples, and laboratory
testing.

Except as expressly provided in this limitations section, H-R makes no other
representation or warranty of any kind whatsoever, oral or written, expressed or implied; and all
implied warranties of merchantability and fitness for a particular purpose, are hereby disclaimed.
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APPENDIX 2
GPR RECORDS 



6
5
E

6
6
E

6
7
E

6
8
E

6
9
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
1 

of
 1

0



7
1
E

7
2
E

7
3
E

7
4
E

7
0
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
2 

of
 1

0



7
5
E

7
6
E

7
7
E

7
8
E

7
9
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
3 

of
 1

0



8
0
E

8
1
E

8
2
E

8
3
E

8
4
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
4 

of
 1

0



8
5
E

8
6
E

8
7
E

8
8
E

8
9
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
5 

of
 1

0



9
0
E

9
1
E

9
2
E

9
3
E

9
4
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
6 

of
 1

0



9
5
E

9
6
E

9
7
E

9
8
E

9
9
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
7 

of
 1

0



1
0
0
E

1
0
1
E

1
0
2
E

1
0
3
E

1
0
4
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
8 

of
 1

0



1
0
8
E

1
0
9
E

1
0
5
E

1
0
6
E

1
0
7
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
9 

of
 1

0



1
1
0
E

1
1
1
E

1
1
2
E

S
ur

fa
ce

 G
eo

ph
ys

ic
al

 S
ur

ve
y

U
S

 R
ou

te
 1

 K
en

ne
bu

nk
 B

ri
dg

e 
K

en
ne

bu
nk

, M
ai

ne
F

il
e 

10
J4

4 
   

   
   

  A
ug

us
t,

 2
01

0

A
P

P
E

N
D

IX
 2

: 
G

P
R

 S
e
ct

io
n
s

P
ag

e 
10

 o
f 

10


	ba015098.00a.pdf
	15098_Kennebunk_Sinkhole_Hist Review Memo_r082410.pdf
	Memo Appendix B Hist Documents_rev1L.pdf
	Memo Appendix B Hist Documents
	Memo Appendix B Hist Documents
	Memo Appendix B.pdf
	gilpatric.pdf
	15098 NEWS CLIPPING AND PROJECT PHOTOGRAPHS[1]
	15098 Sinkhole Correspondence
	Document (9)
	hascall and hall
	Kennebunk Bridge-MDOT Maint Files
	Kennebunk Bridge-Structural Report 2-1-05
	Route 1  Mousam River Bridge_1940
	Sinkhole
	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4

	US Route One Sinkhole Evaluation Geotech 11-09-04

	Route One Sinkhole Repair Kennebun PIN 12673

	Drainage photos compiled.pdf
	July 2005 sinkhole photos compiled
	Pay Req 2 Documentation PIN 12673

	235354.pdf
	Research Results
	Appendix
	1962

	ME_Kennebunk_1962_2
	 ME_Kennebunk_1962_7_abutter

	1942

	ME_Kennebunk_1942_2
	ME_Kennebunk_1942_7_abutter

	1926

	ME_Kennebunk_1926_2
	ME_Kennebunk_1926_7_abutter

	1911

	ME_Kennebunk_1911_2
	ME_Kennebunk_1911_3_abutter
	ME_Kennebunk_1911_5_abutter

	1906

	ME_Kennebunk_1906_1

	1901

	ME_Kennebunk_1901_1

	1895

	ME_Kennebunk_1895_1

	1891

	ME_Kennebunk_1891_1

	1885

	ME_Kennebunk_1885_1



	Memo Appendix C Logs.pdf
	Appendix C Logs
	US Route One Sinkhole Evaluation Geotech 11-09-04.pdf

	Memo Appendix E 2010 Geophysical.pdf
	KENNEBUNK_GEOPHYSICAL_REPORT.pdf
	Figure 3-revised.pdf
	Figure 3-revised.pdf
	Page 1


	Figure 5 -letter.pdf
	Page 1

	Appendix 2.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10







