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Attention: Mr. Terry MacLaughlin

Re:

GZA. Response to Report by Simpson Gumpertz & Heger
Larsen Rink Settlement
45 Pauline Street

-~ Winthrop, Massachusetis-

Dear Mr. MacLaughlin:

Upon review of the ébove referenced report by Simpson Gumpertz & Heger (SGH)
recently provided by you, GZA GeoEnvironmental, Inc. (GZA) has prepared this letter to
provide clarification on several items discussed in the report.

" The report by SGII provides a summary of the construction project from their point of view,

and makes a number of statements-that GZA does not agree with, and/or which we believe
require some clarification, including the following‘ '

1.

The SGH report indicates that the test pits performed by Prism Builders did not
encounter organic soils. GZA has no record of this specific observation being
documented prior to the SGH report, and given the locations of the test pits as
originally reported by Prism Builders in June 2007, it seems unlikely that no organic
soils were encountered. We also note that on page 3 of the SGH report, the locations

. of the test pits performed by Prism, were changed by Prism between June 2007 and

June 2008 from locations in the central and northern portion of the ice rink area to the
southern portion of the ice rink area. Note that, generally, more organics, heave and
settlement were encountered in the northern and central portions of the ice area than
the southern portion.

The SGH report incorrectly states that a thawing rate of the system used by Prism of
one foot per day was reported by GZA. The following is a direct quote from GZA’s
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Frozen Ground Summary Report dated May 25, 2007, which summarizes our
understanding of the thawing system: “We understand that the thawing system
supplier has indicated that thawing penetration can reportedly reach up to 1 foot
per day (presumably when the pipes are in direct contact with the frozen soil).
However, considering the limitation of high groundwater table and existing
concrefe-encased tie rods on our site, excavation below about 3 to 4 feet below
grade will likely not be feasible. Hence, it is possible that the thawing rate of the
heated pipe system could be much lower than rhe guoted maximum rafe, which
- could have significant schedule impacts.”

3. SGH notes that frozen ground was not identified by GZA. in our original report dated
December 4, 2006. This is correct, and we point out that the subsurface explorations
petformed by GZA for this original geotechnical evaluation could not be performed
within the ice rink area as was originally planned, because the ice rink was in service
during the time that the Town desired the geotechnical study to be performed.
Explorations within the ice rink prior to demolition would need to penetrate the
existing, closely spaced, active refrigerant pipes which ‘[he Town stipulated must
remain 1n service during the study.

4, 'The SGH report states that Prism received direction from GZA with regard to the
thawing operation. On Page 10 SGH states that Prism completed the additional work -
due to the frozen ground in accordance with the direction provided by GZA and the
Town. In addition, SGH states on page 10 that Prism were apparently taking direction
from GZA and the Town. On page 11 SGH states that “Prism was taking direction
from both GZA and the Towr in implementing the accelerated ground thawing
process”. GZA did not provide direction to Prism at any time on the project. GZA did
not have an onsite presence during the thawing operation. GZA did not provide
direction to Prism in the field or to anyone on the project team. GZA acted as a
consultant to MMD, and indirectly to the Town, providing our engineering opinions.
Our confract with the Town did not have a supervisory clement for providing
direction to the contractor. GZA recommended to MMD and the Town that the
subsurface soils would need to be fully thawed and allowed to seftle prior to
construction. We did not recommend the accelerated heating system and we
understood at the time that the means and methods of the ground thawing operation
were Prism’s responsibility with equipment donated to the Town.,

5. GZA received email correspondence from Prism indicating the ground was thawed.
In a June 19 email, Prism states, “please be advised that the second half of the rink
is completely defrosted” In another Prism email dated June 25, Prism states, “My
superintendent and site contractor easily dug the pits with a mini-excavator. If I'm
not mistaken each time, a town employee happened (o be present. Also, when dug,
the ground water was rushing into the pits, further indicating thawed soils.” It
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appears that Prism made a judgment that the frozen soils had thawed. GZA did not
observe the test pits or provide a judgment whether the ground was thawed before
the heating system was moved.

6. SGH states on page 3 that Prism followed the recommendations of GZA’s May 25,
2007 report. This statement is not completely correct. GZA recommended the
following construction monitoring program with the Contractor providing GZA with

the monitoring data at least weekly for our review:

Structure/medium

Locations

Frequency

Top of concrete
encased ties

Every 50 feet along every
tie, cvery 25 feet along ties
with greater than 6 inches of
initial heave,

Daily, decreasing to weekly
after rate of settlement slows
sufficiently.

Settlement
platforms on soil

Minimum of one per each

tquarter of ice  area
(mininum of 4 total), placed
approximately midway
between ties.

Monday, Wednesday and
Friday each  week,
decreasing to weekly after
rate of settlement slows
sufficiently.

As shown in GZA’s July 6 report, Prism monitored ties every 25 feet and 2 settlement .
'~ _platforms on a daily basis (4 to 5 days a week) from June 4 until June 19 (about 2%
“weeks). Two settlement platforms were provided versus the recommended four, GZA
received monitoring data on June 19, versus the recommended weekly frequency. We
received no further monitoring -data on the project from Prism. We note that the
decision to move the thawing equipment and place the surcharge was made without
GZA consultation and before GZA received monitoring data.

7. The SGH report states on page 4 “GZ4 indicated in their 21 June 2007 Draft Report
and the 6 July 2007 Final Report that based on review they see no continuing frend of
settlement. The stability of the data may indicate that the settlement has already
occurred. If so, and if the Owner (Town) is confident that the soils are fully thawed,
it would be acceptable to remove the surcharge and move it to the next area” We
also note that our Preliminary Monitoring Data Review document dated July 6, 2007
states the following: “To confirm the ground is fully thawed, we recommend test pits
be performed at several locations with GZA observation. We understand that the tie

" beams must be lowered prior to construction lo avoid interference with proposed
piping below the ice. The proposed method of lowering these fie beams should be
discussed amongst the team members prior to implementation.” And earlier in this
document, we state: “We are concerned that the tie beams remaining heaved (and
assumed to be in contact with the soil immediately below the beams) may indicate
that bridging around voids may have occurred in the previously frozen soils. That is,
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if the soil within the previous frozen zone has settled due fo melting of ice lenses and
the tie beams and upper soils have not seitled, small voids may be present in the
previously firozen soils, If this is the case, these voids could later collapse and- cause
settlement of the beams and rink floor.” After our July 6 report, the project team did
not further consult GZA on this risk of voids and subsequent settlement. The
recommended test pits were net performed. '

Please contact the undersigned should you have any questions regarding the above.
Very truly yours,

GZA GEOENVIRONMENTAL, INC.

- - 5 i Py .
g AT il
Martin A. Rodick, P.E. o ' William H. Hover, P.E.
Project Manager _ Consultant/Reviewer

#

cc: - Sean Driscoll (Town of Winthrop) 7
Mary Hall, Lew Litwack, Ken Johnston (GZA)
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October 20, 2008

CERTIFIED MAIL _
RETURN RECEIPT REQUESTED
Richard White — Town Manager
Town of Winthrop

One Metcalf Square

Winthrop, MA 02152

Re:  Construct ice rink system & dasher boards .
Larsen Skating Rink, 46 Pauline Street, Winthrop, MA

~ Dear Mr. White:
This Firm represents Prism Builders, Inc. ("Prism") the general contractor on the above Project.

Afier learning about the post-construction floor settiement in the Rink, Prism retained the -
building forensic engineering firm of Simpson Gumpertz & Heger ("SGH") to investigate the
causes of the settlement. As you may know, SGH is one of most highly respected firms of its type
in New England: : ' :

SGH investigated the post-construction settlement and issued a report dated October 8, 2008,
a copy of which is enclosed. SGH concluded that Prism had no responsibility for the post-construction
floor settlement. Specifically, SGH concluded that the setilement was caused by the failure of the
substrate soils to be sufficiently thawed prior to installation of the floor surface and that Prism was not

responsible for the insufficient thawing.

It is my understanding that Winthrop is holding $126,533 of sums due to Prism because of the
post-construction floor settlement. In light of the SGH report, please forward that sum to Prism forthwith.
Should Winthrop fail to pay Prism forthwith, Prism has instructed me to file suit. In that case, in addition
to the principal sum due and interest, Prism will seek its legal fees pursuant to MGL ¢. 231, §6F, since
Winthrop has no defense to payment. ' : o

MEL/htl

Enclosure :

cc:  Prism Builders, Inc. (w/o enclosure) ,
Travelers Casualty and Surety Company (w/o enclosure)
Simpson Gumpertz & Heger (w/o enclosure)

390476v1 - . _
BOSTON HARTFORD NEW HAVEN STAMFORD WOBURN



SIMPSON GUMPERTZ & HEGER %

Engineering of Structures -
and Buitding Enclosures

8 October 2008

- Mr. Robert Waxman
Prism Builders, Inc.
" 107 Audubon Road
Bidg 1/ Suite 19 = .
Wakefieid, MA 01 880

_ Projedt 080485 — - Evaluation of Cause(s) of Post—Co'nstruétion.Settlement,' Larsen Skating
: . 'Rink, 46 Pauline Street, Winthrop, MA :

Dear Mr. Waxman.

" At your request, Simpson. Gumpertz & Heger, Inc. prepared this jetter summarizing our
evaluation, our findings, and our conclusions regarding the.cause(s) of the post-construction
settlement of the new ice rink system at the above-noted site. :

T

Background

The purpose of our evaluation is to determine the most likely cause(é) of the post-construction
settliement observed at the above-noted site. o :

- \We received a ring binder from Prism containing documents they received. or prepared during
the course of the work and several additional documents obtained at our request. We have .
reviewed the available documents and have relied on them for the development of our opinions.
Based on these documents, we undersiand the following as the relationship of the parties

'involved in the work:

Parties involved

. Town of Winthrop (Town) — Owner
° ' 'MacLaughlin Management and Design (MMD) - Designer of ice rink modifications for
' Owner ' ' : ' ' : ‘

. Foley Buhl Roberts & Associates (FBR) — Structural Engineer and subconsultant o
MMD o ‘

- GZA GeoEnvironmental, Inc. (GZA) — Geotechnical Engineer and subconsultant to
MMD '

. Prism Builders, Inc. (Prism) — General Coniractor

. ~J. DeVincent Corp. (JDV) — Earthwork subcontractor to Prism

SIMPSON GUMPERTZ & HEGER INC.
41 Seyon Street, Buitding 1, Suite 500 Boston
wWaliham, Massachusetts 02453 Los Angeles
enoin: 781.907.9000, iox: 781 .907.9009 : New York

‘ N . San Francisco

www.sgh.com' Washington, DC
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Review of Documents

Rased on our review of the documents, we determined the following:

Prism was awarded the project based on the contract documents that included the test
pit logs for TR1 thru TP4 and two boring logs GZ1 and GZ2, from the GZA 4 December. .

2006 Geotechnical Report, all of which showed no frozen ground, Fig 1.

After demolition of the old rink and"excavatiori to a depth of between 3 and 4 ft below

existing finish grade, Prism encountered frozen soil. Prism notified all of the parties of

this differing site condition which was not identified by any of the test pits or borings
previously completed and reported by GZA in their 4 December 2006 report.

GZA completed -an “additional investigatioh ‘and summarized their findings and

“recommendations in a report dated 25 May 2007. This investigation Vincluded three

new borings within the ice rink, B101, B102, and B103, see Fig 1.

. The borings confirmed the presengﬁe of frozen ground, and two of the borings
identified a layer of peat below the rink, some of which was also frozen.

s . GZA concluded that there was about 1 to 3 ft of unfrozen sand and gravel fill

over 2 fo 5 ft of frozen sand and gravel over 3 to 4 ft of frozen peat, over about
2 ft of unfrozen peat in two of the borings, giving a total thickness of frozen soils
that varied from 4 to 8 ft and the frozen zone extended fo a depth of
approximately 8.5 to 10 ft below existing grade or to EI3fito EI7ft. o
e  GZA also tested three samples of the peat from the frozen zone and reported
natural- water content of the samples between 229% and 633%. The report
~ also notes that the Peat samples had several ice lenses in them with thickness
of about 1/16 to 1/4 in. each. o

. Ground water level was determined to be at El 9.8 f, about 1.8.ft below the
" existing grade at that time. - ' ,
o GZA also noted that a test pit was excavated by JDV during their site visits, see

Fig 1. GZA reported that at this test pit they observed frozen ground to a depth
of 7 to 8 ft below: grade beginning at a depth of about 2'ft below the ground
surface at that time and extending to about 9 to 10 ft. R

. GZA also reported that the concrete-encased structural steel ties below the
former ice rink had heaved upward and that a survey dated-14 May 2007

confirmed that the tie beam near the center of the rink had a high point near the -

~ middle of the rink that was about 14 in. higher than at the outside wall.
e GZA noted that accelerated thawing was underway over half the rink at the time

day.

GZA recommended the following in their 25 May 2007 report:

. Delay reconstruction as long as’ pbssible to aliow complete thawing and
placement of a temporary surcharge. Depending on observed settlement, it
may be prudent to close the rink for the upcoming ice sports season.

. If the above is not acceptable to the Town, the following is a suggested

sequence of construction that may mitigate impacts from the settlements that

of their report and that thawing penetration can reportedly reach up to 1 ft per ‘
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will occur from thawing of frozen ground, while helping to maintain the faster -

project schedule desired by the Town.

e Monitor the top of concrete-encased ties for settlement daily throughout

-~ construction. - ' ' _ ' L

e . Excavate the upper unfrozen sand and gravel fill down. to near
. groundwater level. Do not excavate below the groundwater table.

o Perform thawing via a surface heat pipe system, and incrementally

~ excavate sand and gravel fili to expedite the thawing operation. Use
excavated material as surcharge.

. Gauge potential thaw depth by driving a smooth rod into the ground until
. the tip encounters the frozen ground and driving is more difficult. '

e Place surcharge of 4 ft of sand and gravel fill above finished grade.

. Once settiement appears to have tapsred off, or as directed by the Town

due to schedule, remove the surcharge. GZA anticipated that at least 4
\ to 6 weeks will be required following thawing of the ground.
o . Then build the ice rink per draWing_s and specifications. '

& Prism proceeded to follow- the GZA recommendations and was issued fwo change

orders by the Town covering the additional work, Change Orders No. 2 dated 13 June
2007 and No. 4 dated 20 July 2007. The change orders specifically included providing
only tabor to setup and reiocate the ground thawing equipment and the furnishing and
installation of the insulation blankets and plastic sheeting fo insulate the heating pipes.
It is our understanding that the equipment and. fuel for the thawing process were
provided by the Town and that Prism was told, by the Town, that the. system could

" thaw up to 1 ft per day of frozen ground. The unit supplied by the Town was a Heat

King HK500 Mobile Glycol Heating System. The system was capable of supplying

. 364,000 BTU/hr. Prism sequentially applied the system and thawed the ground in

sections and then surcharged these areas as follows:

Thaw Between Column Lines A ~ C from 31 May to 8 June 2007 (9 days total)
Thaw Between Column Lines F —J from 13 June to 19 June 2007 (7 days total)
Surcharge Between Column Lines C — F from & June to 6 July 2007 (4 weeks)
. Surcharge Between Column Lines A — C from- 13 June to 6 July 2007
(2 to 3 weeks) : '

. . Surcharge Between Column Lines F —J (not yet defined)

Prism_monitored the work generally as recommended by GZA and in addition
completed three supplemental test pits and confirmed that thawing had been
completed at the test pit locations. Prism reports the location of the test pits in an
email of 25 June 2007 to be between column lines B1-C1, D2-E2, and G1-H1 and the
test pit depths were all 13 ft deep below El 15 ft. An undated plan provided to us on 24
June 2008 by Prism has the three test pit locations marked between column lines 5
and 6 and between C-D, E-F, and G-H and indicates the test pits were all 12 ft deep, a
copy is attached in the Appendix. Prism confirmed that the fest pit locations were as
marked on the 24 June 2008 pian they provided and not as previously reported in the
email to GZA. : _ i

' Théw_Between _Cdlumn Lines C - F from 22 May to 30 May 2007 {9 days total)
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Prism supplied the survey monitoring data and test pit results to GZA. Prism indicated .
that no frozen soil was observed and that no_organics were intércepted in the test pits

they performed. :

GZA then prepared a draft letter report dated 21 June 2007 and finalized the reporf ina
letter dated 6 July 2007 summarizing their review of the data and. their

recommendations. GZA reported that their review of the survey data indicated that ' -

since the first reading of 14 May 2007 (prior-to the start of thawing) to the Iatést reading
of 19 June 2007, settlemént of up to 2.25 in. occurred. Three of the nine tie beam
locations settled greater than 1 in, two locations settled just under 1 in, two locations

heaved up to 0.5 in., and two locations did not. move. Since surcharge placement, .

between Column Lines C to F, Seitlement Platform 1A setiled 1.6 in. and Settlement
Platform 2A heaved 1.3 in. Tie beam monitoring points have settied up to 0.75 in.
Over the week of 12 June to 19 June 2007, minor heave up to about 0.25 in. was

reported at each tie beam location except at C3, which settled between 0.25 in. and 0.5 -
in. GZA concluded that the data provided was difficult to understand. it was
-anticipated that the settlement during thawing would be at least equal to the observed

prior heave (of the tie beams).. Up to 1 ft of heave previously occurred, but total

settlement reported was on the order of 1to2 in. GZA also reported. that they -

expected settlement of several inches during the surcharge phase due to consolidation

of the organic soils. Instead, the data i‘ndicate that a small amount of settlement
_occurred during the surcharge. The heave data was unexpected. GZA stated that the
- lack of appreciable settlement. may indicate that the ground may not-have been

completely thawed as indicated by Prism or may be due to survey error.

.GZA indicated in their 21 June 2007 Draft Report and the 6 July 2007 Final Report that

based on their review they see no. continuing trend of settlement. The stability of the
data may-indicate that the settlement has already occurred. I so, and if the Owner
(Town) is confident that the soils are fully thawed, it would be acceptable to remove the
surcharge and move it to the next area. GZA also recommended additional test pits

observed by their representatives.

On 21 June 2007 Prism emailed GZA, MMD, and the Town representative AS. ‘Driscoll

" to have GZA coordinate its own efforts to confirm that the ground was thawed based

on the GZA 21 June 2007 Draft Report.

On 25 June 2007, Prism e-mailed the Town representative Mr. S. Driscoll ésking fora

" decision regarding whether the removal of the surcharge from the first area to the next

area should proceed.

On 25 June 2007 the Town representative Mr. S. Driscoll e-mailed a response to Prism B

the same day in response to the Prism e-mail stating “Proceed.”

Prism then proceeded with the work and completed the final section of surcharge.
Prism {old us that even after the surcharge was completed they had to excavate under
the tie beams and lower them fo get them fo the proper elevation prior to proceeding
with the rink construction. '

r
=)
3
®
2
o
=
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© The recommendati:dn by GZA to perform additional test pits was not followed, and this
decision was not made by Prism. ' : .

e Prism told us that the Town started the chillers on 15 October 2007 and then used the.
o rink to the end of December 2007 without operating the heating units under the
insulation below the rink. In January or early February 2008, we understand that the.
Town reported a crack in the slab visible through the ice; about 1 in. of settlement was
"reported at that time. During the next three months, this condition became worse and
by April 2007, the ice was removed and settlement of up to 8 in. was apparent near the

center of the rink, .

'SGH Field Observations

~William Konicki of SGH visited the site with you on 4 Augusi 2008. Duﬁng the site visit we met
with representatives of GZA, MMD, and the Town. The following summarizes our observations:

. | There is a distinct depressibn in the concrete: slab located approximately between
' column lines D and F and 3 and 5, Fig 2. ' -

. - The representative-from the Town indicated that théy had measured as much as a 91n.
settlement at the time of the visit. : - '

e . Atthe soutti side of the rink the concrete floor appeared relatively level from the boards
out about 15 ft. The first visible crack was about 14 ft from the boards.

e  Attheeast side of the rink the concrete floor appeared relatively level from the boards
out about 30 ft. The first visible crack was about 28 ft from the boards.

.’ At fhé north side of the rink the concrete floor appeafed relatively level from the boards
out about 15 ft. The first visible crack was about 15 ft from the boards. ‘

.« _At'the west side of the rink the concrete floor appeared relatively level from the boards
out about 20 ft. The first visible crack was about 6 ft from the boards.

We requested that Prism survey the concrete slab prior to the Town placing ice on the rink.

" This was completed by Prism on 6 August 2008. The survey data provided by Prism is attached
in the appendix. The survey results were piotted and a contour plan of the rink concrete slab
surface was prepared by SGH, Fig 2. We also plotted the approximate limit of the first visible
cracking away from the boards on Fig. 5.

SGH Analysis of the Extent of Tie Beam Heaving Prior to Thawing Operations

We used the Prism 14 May 2007 survey of the top of the Tie Beam Elevations, taken prior to the
start of ground thawing, that was attached fo the GZA 6 July 2007 report, to prepare a contour
plan of the tie beam elevations. We prepared Fig 3 showing the elevation of the top of the tie
beams and contours of the elevation of the top of the tie beams referenced to the project survey

datum of El 15 ft, finish floor in the lobby. -
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We also prepared a contour plan of estimated tie beam heave using an average elevation of EI
~13.75 fi for the ends of the tie beams at the exterior wall and assuming that this was the as built
elevation of the tie beams and no heave of the tie beams occurred at the exterior wall, Fig_ 4, '

* Both plans show a distinct zone of heave of the tie beams of more than 2 in. (0.18 ft} located
between Colum Lines B and G and between Column Lines 2 and 6. This zone has a skewed
axis along a line between C6 and G3. The maximum heave from the survey is about 14 in. (1.2
ft) at a point just north of Column Reference_F4. There is a smaller Zone of significant heave,
greater than 9 in. between Column Lines D and a point midway between F and G and between
Column Lines 3.5 and 5.. This zone also has a skewed axis that is oriented similar to that
described above. There is less than 2 in. of heave recorded in the area from Column Line Gto -
the east limit of the rink between the north and south fimit of the rink. ‘There is also an area of
less than 2 in. of heave located belween the boards at the west end of the rink and a line about

midway between Column Lines B and C and extending.f'rom the north to the south limit of the

SGH Analysis of Surcharge Settlement Monitoring Data

Settlement during surcharge, after the accelerated thawing was complete, was ‘monitored by
Prism and presented in GZA's 6 July 2007 report. The daia span from 4 June 2007 to 18 June
2007. The data include two settlement platforms (1A and 2A) and nine monitoring points
established on top of the tie beams along the C, D, and E lines. The tie beam monitoring points
are identified as C, D, and E - 1, 2, 3, however the numerals do not coincide with the ‘column
" reference line numbers. The numeral 1 indicates the point is on.Column Line 3, numeral 2
indicates the point is midway between Column Lines 4 and 5, and numeral 3 indicates the point
is on Column Line 6, Fig 5. We have attached the table of data from the GZA report in the
- Appendix. We summarized the following data from the GZA report and compare it to our
estimate of the heave at each point from Fig 4 S

Point | COlUMN Elevation Deita(D)' | Heave(H)* | D/H
Ref No. | Initial - Final in. S 1 T %
(H) (ft) . :
1A NA 11.98 11.85 1.56 48 | 32
D1 D3 14.25 14.06 2.28 - 6.0 3 -
D2 D4/5 1 14.58 14.59 (0.12) 9.9 0
D3 D6 14.07 - 13.94 . 1.56 - 3.8 41"
E1 E3 14.26 . 14.31 . {(0.60) 6.1 0
E2 E4/5 | 14.65| - 1465 0.00 10.8 0
E3 E6 13.86- 13.78 096 | 1.3 74
C1 C3 13.88 13.8 0.96 1.5 64
c2 c4/5° | 14.25 14.25 -0.00 6.0 0
C3 Cé 14.15 14.03 1.44 -~ 4.8 30

1. Measured setflement during surcharge period (5/14/07 — 6/19/07). : :
9 Estimated heave of the tie bearmns. Based on 14 May 2007 survey by Prism (Fig. 4).
3. Estimated heave at plafe location pased on contour plot of the beam heave (Fig. 4).

All of the monitoring point initial readings were taken before the accelerated thawihg began in
the area of each monitoring point except for plate No.1A which was initialized after accelerated
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thawing wés perforrﬁed. Therefore, the -di'splacement recorded is représentative of the
-movement that occurred only during surcharge and after thawing was stopped. :

We did not include Settlement Platform 2A in the above summary since this platform was in an

area east of the surcharge in place at the time of the monitoring and would not be expected to '

settle measurably due to the surcharge. In addition during a portion of the period of monitoring,
13 June 2007 to 19 June 2007, the area around this settlement platform was being thawed.
The recorded displacement of point 2A was a heave of 1.32 in. between the initial reading on 4
June 2007 and 19 June 2007.. During the period of thawing from 13 June 2007 fo 19 June 2007
there was no net movement recorded. _ _ '

The measured settlement of eight of the ten monitoring points are significantly lower than the

. estimated heave at these’ points, with measured settlement between 0% and 41% of the ~
estimated heave. The remaining two points (E3. and C1) have measured settlement between

64% and 74% of the estimated heave. Four of the points surveyed with the largest estimated
heave showed a small heave or no movement during the surcharge monitoring period. The
heave at point D2 is likely only a survey error and we have assumed that the heave recorded at
E1 is also a survey efror although it is much larger than the typical range of survey error

- expected.
There is a small isolated area near the southeast corner of the rink with a heave of up to 3.9 in.
SGH Analysis of Extent of Post Construction Settlement and Total Settlement

We used the Prism 6 August 2008 survey of the fioor of the rink to prepare a contour plan of the
rink slab settlement, Fig 2. The Prism survey is based on a local datum £10.0 ft at the top of the
slab, at the inside face of the boards at the south side of the rink, at Column Line F. Because
some- of the survey points were above the datum selected by Prism we recomputed the
settlemients relative to the highest point and established this high point as the reference datum,

see Fig. 2.

We determined that the maximum measured settlement was about 10.71 in. (0.89 fi) at the
intersection of Column Line E and Column Line 4. There is a distinct zone of settiement
between Column Line B and a point midway between Column Lines F and G and between
column Lines 2 and 6. This zoné has a skewed axis along a line between C6 and F3. There is
a smaller zone of significant settlement, greater than 6 in., between Column Lines C and a point

midway between Column Lines E and F and between Column Lines 3 and 6. This zone also

has a skewed axis that is oriented similar to that described above. There is a significant area

with less than 1 in. of settlement from Column fine G to the east limit of the rink and between the

north and south limit of the rink. There is a smaller area with less than 3 in. of settlement from
Column Line B to the west limit of the rink. : c '

~ We also prepéred the following table 'comparing the post construction settlement and also the
total settlement due to surcharge (Delta) plus the post construction settlement (S), to the
measured heave of the tie beams (H): ' '

Mr. Robert Waxman — Project 080485 -7 8 Qctober 2008 |
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' Point Column D&I,t)a Heaves(H)' Settlemfnt(S) SiH | (S+D)/H
RefNo. { . % |- in. S U N % %
1A NA 1.56 4.8 55 114 147
D1 - D3 | 2.28 6.0 4.5 75 1 113 |
D2 D4/5 | (0.12)° 9.9 6.5 66 - 66 .
D3 | D6. | 156 3.8 55 | 145 186
E1 - E3 {0.60)° 61 . . 8.5 106 106
E2. E4/5 | 0.00 10.8 9.0 83 83
E3 E6 096 | 1.3 4.0 307 381
c1 C3 0.96 15 4.5 300 364 -
- C2 ca/5 | 0.00 60 6.5 108 108 .
C3 C6 144 | 4.8 75 156 186

1. Measured settlement during surcharge period 5/14/07-6/19/07 . .
2°  Measured values of Delta (D) are negalive indicating heave; a value of zero (0) is used in the

_ computed ratio (S+D)/H. ) _
3. Fstimated heave of the tie beams, based on 14 May 2007 survey by Prism.
4.  Measured settlement based on 6 August 2008 survey by Prism. '

_ We determined that nine of the ten points tabulated have a total settlement {(S+D) that is greater
than 80 % of the measured heave, only one point (D2) has a total settlement that is less (66%
‘of the measured heave). Eight of the ten points have total settlement (S+D) larger than the
measured heave and two points have a total settlément of more than three times the measured

heave.

We also determined that eight of the ten points tabulated have a post construction settlement
(S) that is greater than 80% of the measured heave: Only two points {D1 and D2) have a post
construction settlement that is less (75 and 66 % respectively). Seven of the ten points have a
post construction setflement equal to or farger than the measured heave and four of these
points have a post construction settlement that is significantly larger than the measured heaved,
The average post construction settlement of the eight monitoring points, excluding E3 and C1, is
106% of the heave at these same points. : : '

SGH Analyses of Ground Thawing

We completed an analysis of the time and energy, as heat, needed to thaw up to 1 ft of ground
per day, to thaw 5 ft of frozen sand and gravel fili, and ‘the additional 3 ft to 4 ft of frozen peat . -

reported by GZA, Prism, and JDV.

The information available for the Heat King HK500 unit used. at the site is limited to only the . -
heater capacity of the unit (364,000 BTU/hr) and the maximum thawing area of 11,200 sq ft, a
copy is attached in the Appendix. We located a comparable unit produced by another
manufacturer-for comparison, the Thawzalt 53000, a copy of the data sheets are attached inthe
Appendix. The Thawzall Ground Heater S3000 has a gross heat capacity of 385,000 BTU/r,a
net heat capacity of 321,000 BTU/hr, and a maximum thawing area of 6,000 sq.ft, depending on

the soil type and accessories installed on the unit. The normal operating temperature of the
Thawzall unit is advertized as 100 to 180 degrees F. The Thawzall unit is advertised to.thaw up

to 1 ft per day, depending on sait conditions.
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We assumed the equipment was instalied over the largest single area thawed by Prism,
between either Column Lines C to F and F to J. The largest area thawed is about 80 ft x 90 ft, .
or about 7,200 sq fi. Assuming the entire maximum net heat capacity is applied to the area
without heat loss upward to the air, the average heating rate is about 1,070 BTU/day/sf. We

also computed the average heating rate for the system when applied to the smallest area

thawed, between Column Lines A'to C. The smallest area thawed is about 90 ft by 32 ft, or

'2,880 sq ft. Assuming the unit is operated at the maximum net heat capacity the average
heating rate is about 2,675 BTU/day/sf. A

~* We than assumed that the soil and the ice in the soil pores is at or close to 32°F and only the

phase change of the ice from solid to liquid must be completed fo thaw the soil and pore water.
In this case, the required heat input for a cubic foot of soil is equal to the weight of water (as ice)
in the soil times the latent heat of melting of ice {fresh water ice) of 144 BTU/Ib.

" For a typical moist sand and.gravel fill that is well compacted, the approximate weight of water
in the soil would. be in thé range of &5 to 7 Ibs/cf. To thaw a one foot thickness of this material
per day requires between 720 and 1008 BTU/day/sf, or about 1,000 BTU/day/sf on average.
This matches the advertised 1 ft per day rate of thawing for the Thawzall 83000 and should be
similar for the Heat King HK500 unit used on the site. This also matches the average heating
rate applied to the largest area thawed on the site of about 1070 BTU/day/sf.. Based on this
analysis we determined that 5 ft of frozen compact sand and gravel could be thawed in about 5

. days in the two largest areas thawed between Column Lines C to F and F to J and in about 2
days for the smallest area thawed between Column Lines Ato C.

We then evaluated the heating needed to thaw the frozen peat layer. We assumed the water
content is no less than 200% and as high as 600% as reported by GZA. We assumed a specific
gravity of solids of 1.5 based on data for silly and sandy peat from Reference [1] and assuming
a saturated soil condition. We computed a void ratio of 3.0 and 6.0 respectively, a dry unit
weight of about 23 pcf to 9.4 pcf respectively, and the weight of water in a cubic ft of saturated
peat to be about 47 Ibs to 56 Ibs, respectively. The required heat input to thaw 1 cubic ft of
frozen peat is 6,700 BTU's for a water content of 200% and 8,000 BTU’s for -a water content of
600%. Trying to thaw 1 ft per day of frozen peat requires a heat input of between 7,000 and
8,000 BTU/day/sf.- This is about seven fo eight times. the heating rate of.the unit when used on
the two largest areas thawed. At the heating rate available for the unit used and when applied
to the largest area thawed, only 0.125 ft of frozen peat would thaw in a day, producing an
estimate of 28 additional days to thaw a 3.5 ft thickness of frozen peat. When applied to the
smallest aréa thawed, only 0.33 ft of the frozen peat would thaw in a day producing an estimate

of about 11 additional days to thaw a 3.5 ft thickness of frozen peat.

We also performed a one-dimensional thawing computation following USACOE T™ 5-852-6,
Arctic and Subarctic Construction, Calculation Methods for Determination of Depths of Freeze
and Thaw in Soils, January 1988. The methodology allows an estimate of the time to thaw a
. given soil layer once the soil properties are known and the thawing index of the air above the
soil is computed from the heat input versus time. We selected soil properties consistent with the
soil-déscriptions reported by GZA and summarized above. We computed that with a constant
uniform heat input under the temporary insulation blankets at a constant temperature at the soil
surface of 200°F (close to the advertised normal operating temperature range of the Thawzall
$3000 unit) that a 5.5 ft thick layer of frozen sand and gravel fill could be thawed in about 7 to 8
days; to thaw the additional 3.5 ft thick layer of frozen peat with a water content of 200% would
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require at a minimum an additional 34 days' and couid be fonger if peat with the larger water
content (600%) were present. We determined that fo thaw the Fill and the 3.5 ft of organics

.A would take at least 41 days.

Discussion

It is clear that the frozen ground was not anticipated in the coﬁtréct documents. a'nd 'that_t'he_ :
- Town and Prism dealt with this discovery as required by the contract by issuing two change

orders that amended the contract. Prism then completed the additional work under the change

orders and in accordance with the direction provided by GZA and the Town. -

Prism was not the designer of the thawing operation and was apparently taking direction from

both GZA and the Town. The Town provided the equipment and the fuel and Prism provided
the insulation-and the labor needed to install and relocate the components as needed. It is siili
not completely clear who determined when the system was to be moved from location to
jocation. ‘The timing of the thawing operations. does indicate that if the thawing rate of 1 ft per

day was accurate, presumably as assumed by Prism based on input from the Town, about 9 it

of ideal soil could be thawed in the 9 days it was applied to the largest area between Column
Lines C to F, about 10 ft or more between Column Lines A to C where it was used at about 2.5

times the average heating rate and for-the remaining area thawed between Column Lines Ffo J- .

. about 7 ft of ideal soil could be thawed where it was used for only 7 days.

Our analyses support the reported rate of thawing of 1 ft per day of ideal soil and that the ideal
soil to obtain a thawing rate of 1 ft per day is a sand and gravel fill 'with about 7 Ibs of water per

cu ft of soil. At locations where the frozen peat is present under the sand and gravel fill, itis not -

fikely that much if any of the frozen peat was thawed by this process. ‘This is particularly frue in
the two largest areas thawed (between Column Lines C to F and F to J) where the heating rate
was lowest. In the smallest area thawed (between Column Lines A fo C) where the heating rate
was highest perhaps about 1.5 ft of peat may have been thawed. '

Along the edges of the rink, there may have been some edge effects that reduced the initial
thickness of frozen ground and/or the amount of frozen ground present at the start of thawing.
" This may have allowed the edges to thaw more completely than the center of the rink. Based
on the test pit results reported by Prism and by. the GZA borings on the south side of the
building, it is also possible that organic soils are not continuously present at shallow depths on
the south side of the rink, which would explain why the soils in this area were observed to be

completely thawed and no organics were observed in the test pits excavated by Prism to -

confirm that the ground was thawed. '

The monitoring results tend to support the premise that the frozen organic soils were not thawed
prior to surcharging and therefore very littie settiement occurred during this.stage of the work.
The measured settlement of between 1 in. and 2.2 in. is likely due fo recompression-of the
previously preloaded and preconsolidated unfrozen peat below the frozen zone during ‘the
surcharge. The locations near the center of the rink that have little to no measured settlement
may be located over areas of peat that were aimost completely frozen, with little to no thickness
of unfrozen peat fo be recompressed under the weight of the surcharge, ' -

The ‘extent of heave of the original rink, based on the tie beam heave measurements, is
superimposed over the extent of the post construction settlement of the rink slab on Fig 5. ftis
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. clear that the extent of heave and settlement correspond well.  The locations of largest heave
and largest seftiement do not match, but this may be due to the lack of a settlement
measurement by Prism at Column F4. We suspect that this value, if obtained, would increase
the correlation of the location of maximum heave and maximum settlement. Our evaluation

~ also indicates that the settlement during surcharging did not account for more than about 30%

of the measured heave and that the average post construction settiement c¢an account for all of
. the. measured heave at eight of the ten monitoring points (average S/H = 106%). This is
.consistént with the premise that most of the prior heave of the rink was likely related to the ice
lenses in the frozen peat and the thawing and surcharging of the sand and gravel fill produced
- very little setifement. We expect that as the peat subsequently thawed the weight of the soil

above was sufficient to prevent the formation of. voids where the ice lenses previously existed, |

closing these gaps as the ice thawed. At the remaining two momtonng points (E3 and C1)
where the post construction settlement is much larger than the measured heave (S/H = 300%) it
_is not clear what produced this difference. In addition, the monitoring points in the area of
largest heave (D2 and E2) recorded little to no settlement during surcharging but the post
consfruction settlement indicates that not all the original heave was recovered- as post
.constructton settlement The cause of this difference is also unclear

~ The post consfruction settlements also_ likely mclude some- secondary consohdatlon of the

previously preloaded and preconsohdated peat due to the effective pressures from the final rink

construction over the one year period since construction was completed. This would tend to
make the average post construction settlement somewhat larger than the measured heave and
is consistent with the average ratio of sett!ement to heave (S/H = 106%) we computed for eight
of the ten monitoring points.

GZA bormgs 101 and 102 confirmed at teast 3 ft of frozen peat below the fill and are located in
the area of largest heave and largest post construction settlement, see Fig 5. GZA boring 103
confirmed up to 4 ft of frozen soil but showed no organics to the bottom of the boring at 9 ft
below the rink level and is located in an area of minimal heave and minimal post construction
settlement. The test pit excavated on 11 May 2007 between Column Lines G and H and 5 and
6 confirmed 7 to 8 ft of frozen soil with no organics reported and is also located in an area of
minimal heave and minimal post construction settlement. All of the above are located in areas
~ that had the lowest heating rate during thawing. This also supports our determinafion that areas

without frozen. organics were completely thawed and -areas with- frozen organics were not

: thawed ' Similarty the test pits by Prism also confirm this determination

The reported ttm:ng of the development of the settlement of the new rink about 3 to 4 months
after it was put in service and the accelerated rate of settlement increase after the new heatlng
elements under the insulation were reportedly turned on in January or February 2008 is also
consistent with a rapid thawing of the remaining frozen peat Wthh then allowed settlement to

rapidly occur.
Conclusions
We contlude the following:

1. Prism was taking direction from both GZA and the Town in implementing the
accelerated ground thawing process and the means and methods used were selected,
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specified, and/or provided by others, for who Prism was not responsible, and mere'ly
installed and relocated as needed by Prism. ' ..

2. . Prism, either by direction from or based on the thawing rate of the soil provided by
others, for whom Prism was not responsible, relocated the equipment to allowfor7t0 &
ft or more of thawing to occur. S

3. The thawing rate of 1 ft per day reported by Prism and GZA is accu‘réte '6niy‘f'or an
' .ideal soil consisting of a sand and gravel fill with up to 7 Ibs of water per cubic ft.

4, The heat capacity of the portable Heat King HK 500 heating system- provided by the
Town was not capable of thawing 1 ft per day of frozen peat and more likely only
capable of thawing 0.1 ft to 0.3 ft per day of frozen peat depending on the water
content of the frozen peat and the heating rate applied. ' o

5 It is highly likely that most of the frozen peat, particﬁlarly near the center of the rink,
was not thawed during the period of accelerated thawing and subsequently thawed and”
compressed after the construction wo_rk was completed. and the new below stab

heaters were turned on.

6. Accelerated théwihg of the areas with frozen peat would have required an additional 11

. to 28 days depending on the heating rate used and the water content of the frozen
peat. =
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Attachments

Figure 1 — Subsurface Exploration Summary and Location Plan
Figure 2 — Plan of Slab Settlement Contours o

" Figure 3 — Plan of Heaved Tie Beam Elevation Contours

Figure 4 - Plan of Tie Beam Heave Contours

Figure 5 — Composite Plan of Rink Heave, Settiement, and Cracking

Appendix

Prism 24 June 2008 Test Pit Location Plan
Prism 6 August 2008 Settlement Survey Data
Prism 14 May 2007 Heave Survey of Tie Beams
GZA Summary of Post Thaw Settlement Data

Heat King HK500 Mobile Glycol Heating System Data Sheets
Thawzall $3000 Ground Heater Data Sheets :
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Ground Heater - Thawzall Ground Heating Systems

All Thawzall ground heater models are fully contéined ground heating systems'which use a boiler -
system to heat a biodegrédabie, environmentally safe propylene gtycol mixture. The propylene
glycol mixturé is then circulated through industrial hydronic hose via the Thawzall ground heater
unit to efficiently heat the soil and soften the frozen ground for digging, concrete pouring, and

other cold weather constructing needs.

. Thawzall ground heater can thaw up to 12,000 square feet of soil per set-up with hydronic hose

at 24" on center hose spacing. Optimum ground heating is achieved with hydronic hose at 16"
on center spacing. D_e'pen_ding upon soil conditions, a Thawzail ground heater can thaw up to 12"
of fn:ist soil every 24 hours, This ground heating process is environmentaily-friendly since the
heat transfer fiuids never leave the ground heater system. That means only heat penetrates the
ground to thaw the soil. The flexibility of the hydronic hose used with the ground heater allows
you ta custem fit your layout to any cold weather application. Thawing trenches is also poséible
with the Thawzall ground heater by taying your hydroAnic hose in long parallet iines, If the hose is
lald along side footings, the Thawzall ground heater will keep them frost free and wili keep

footings from heaving due to frost penetrétion._

" For effective use of the Thawzal ground heater system, lay hose in loops, 24" on center, aver
_area to be thawed (S,OOU,square-féet per set). Cover the hose with construction blankets to

improve efficiency. With this set-up, expect the Thawzall ground heater to thaw up to 12" of

“frost soil depth pef 24 hour period in most soil-conditions.

Granite City Rental is ydur ground heater rental sofution. The hydronic heat produced by the
Thawzall ground heater system can heat soil quickly and efficiently to keep your cold weather
constructlbnbroject on schedule. Call Granite City Rental today for your ground heater rental,
Granlte, City Rental has all the construction heat rental equipment you need for your winter
construction project. Call (800) 328-7094 to schedule you ground heater rental today.

800-328-7094 Copyright Granite City Tool 2008

7/17/2008
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Ground Heater E21100
Ground Heater E2200
Ground Heater E3000
Ground Heater 53000
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Artic Bear HD

Artic Bear XHD

pump Pack

Hose Handling System
Remote Manifold.
Booster Pump

Red wave Insulation
Blankets

HX-Series Heat
Ychangers -

pure Hydronic Alr
Heater

Dryvex MC5200
{Dryvex R110

Dryvex R55

Dryvex AM3000

How It Works, Curing
How It Works, Thawing

awer Blanket

|

|

T T I ST
Curing Blankets

P
P

T T S

. i
[ e

800-328-7094

b

it

i itanier

i
I .-
Fod
T oo Grespd
* gugrEsecrts -

Thaw ground - quickiy, easily, and eccnomically

- 3,000 - 4,500 sq. ft. standard
Varies based on soil conditions. Complete & Ground Heaters’ Thaw Cost Plan.

Cure concrete - in cold weather with confidence

- up to 6,000 sq. ft. standard’ . . ‘
varies based on application. Complete a Ground Heaters' Cure Cost Plan.”

Up to 100 hours run-time
Engineered for reliable, trouble-free start

Easy to operate

Economical

Dependable

" Built Tundra Tough™

84% heater efﬁciehcy - highest In the industry

. Thaw and cure large areas:

Thaw up to 1-foot deep/day(dependent.on conditions)
Set, finish and cure concrete like It's surnmer o,

Protect newly poured concrete from frost

Dimensions and capacities ,
Length ' 181"

Width 91°

Height 93"

Groung clearance 12" .

R e it

7/17/2008
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Frost Prevention (std equipment) up to 8,000 sq ft
Frost Prevention (w/ accessories) up to 27,000 sq ft
. Air heat capacity (w/ accessories) 535,000 sq ft

Performancé monitoring system  yes

800-328-7094

st Hxrmar et dtharr cran i Pa=—neda/ P TRmenii=haat -

(o eraane anm s
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Ground Heater

Ground Heater E1100°
Ground Heater E2200
Grourid Heater E3000
Ground Heater $3000 -

Artic Bear Cub

Artic Bear HD

Artic Bear XHD
pump Pack

Hose Handling System
Remote Manifold
Bauster Pump

Rl’.'d Wave Insulation
Blankets

HX-Series Heat
NXchanpers

pure Hydronic Air
Heater

Dryvex MC5200
brvvex R11G

pryvex RS5E X
Dryvex AM3000

How It Works, Curing
How It Works, Thawing

e

curing Biankets B

Prim ot S s

power Blanket

%%

T
1 i
—_— ..H_._..._..v,#...__i

800-328—7094

 to melt.ice_

How It Woﬂﬁ-ﬂiAWiNG

The versatde Ground Heater® - solves cold weather con

o e s o mam == M= =y

dry, radlant hydronic heat is economlcal and easy to usel

Thaw up to 1 foot deep per day! -
Accuratel\; quote winter cnnstruct;on jobs
Deliver projects on time

Keep crews and equipment wurlking all winter

protect exposed fnotings from frost heaving

Problem:-
Ice in the soil!

' Know Your Dirt! Ice Content of frozen Solls

‘Thaw frozen ground for excavation end concrete placements

No need to build temporary roads.. adJacent ground stays frozen

Clay

Sand

Gravel Silt
5to 7 Ibs. 14 to 18 Ibs. 16 to 22 tbs. 151to 52 _lbs.
inlcu. ft.- inlcw ft. in 1 cu. ft. inlcu. ft.

Up to 1,001, Upto 2,574 Up to 3,146 Up to 7,436
Btu's required Btu's required Btu's required Btu's requared

to meltice  to melt ice

Melting ice requires 143 Btu's per pound!

Frost Facts

Soil does not freeze
Water in soil freezes

Ice binds soil

Melting ice requires 143 Biu's per pound!

Ground Heater® System

to melt ice

struction problems! Ground Heatérs@‘

et B iatatTats]
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04% of the heat s conducted into frozen ground!

No temporary enclosurerto build.

!

___;%u..._i := less than‘ ¢

- Requires minimal supervision

Hot Air System

Thaws at a fast rate - typically i ft. deep per day

Achieves up ta 10* thaw depth per application

Uses fuel efficiently; fuel costs per cu. ft. thawed:

- Utilizes BTU's efficlently with minimal heat loss

Only 15% of the heat is conducted into the frozen ground!

Limited thaw depth-

: Requireé noisy propane heaters

Creates outrageous propane bills

Requires constant supervision

Thawing 6,000 sq. ft., 3 ft. deep

Syst ‘ Hot Air
stem F=——=
Time 25 days
Equi ment,!labbrj

autp $2,877

materials cost

Emits noxious fumaes into enclosure

Réquires building costly temperary enclosures

Ground Heater

OWN

. 3 Days

$530

Lt Hwww oroundthaw. com/?a=node/39&menu=heat

7/17/2008
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Fuel Cost $6,600 $132 $132

Total Job cost $9,477 $662 $1,568
Cost/cu. ft. 52.7¢ 3.7¢ 8.7¢

NOTE: Figures above are based on average rates/costs. Actual ratesfcost incurred may vary 3

_ depending upon geographical location.

B

Ground Heater® out-performs hot air!
Thawung 6,000 sq. ft., 3 ft. deep
Time 8: 1

Fuel Cost 50:1

'Overalf Cost 14:r -

@ NS s W

" B00-328-7094

hitn-/fwww . oroundthaw.com/?g=node/3 9&ménu=heat

Prepare Srte Scrape snow and ice from thaw site.

POSIthI’! Heat Transfer Hose Space hose 2 feet on center over thaw site area. A closed
system, only heat goes into ground. ‘

Lay Poly Vapor Barrier Place minimum 3 mil poiy vapor barriér to contain_ water vapor.
Prevents loss of heat:

Keeps soil moist for better heat conduction’

Keeps hoses and blankets clean

,Plar.e Insulation Blankéts

Prevent heat losg and direct heat into ground. Requtres 23 layers of hlgh R value
blankets. v

Thaw fast - typl}:aily { foot dacp/ day!.

Thaw cheap - as Iew as 3.7¢[cu. ft

Thaw deep - up to 10 feetl'ap.pﬁcation

Thew easy - r:o enclosures to build; .set up is simple

Thaw large areas - up to 12,000 sq. fi./appl:lcatinn

Thaw safe - certified In the US and Canada

Copyright Granite City Tool 2008
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134 Feleral Streét:

Hihfleds:

GZA‘ P -;E?,‘sginem;snmk
1 .@GeoBpvirenmental, Inc. Keioriflsrs

Re:  Frozen Ground Summary, Report
Larsén Ritik - Proposed Stab Reconstructioh
Winthrep, Massactnisetts.

Diear i Mackanghtin:

1& accordatioe withvour agreement dated May 17, 2007, GZK GedBhvitonmental, Ine,
SZA) s ploased to submit this report to Mackaughlin Ménagement ahd Design. (MMD

it g the results of” oifr Fozet: grelmd gysliation for the prﬂposeé gl

: ﬂstru aift ;at the c‘,}ustmg Tarser Ridk building at 45 Pauline Street m Wmthmp,

Nassachusefts. Previous explorations inside: the nnk buildin g WETE! shallow tesbpils ouiside

oftherinkares. Theest pits did netidentify Fozefr pronnd.

The ahj civiviss of tits cirrentshidy wereto: T) evaluate subsutfice conditions. - the frozen

‘gropnd areg beneath the:rink; 2) evalua’te ‘the potential fmipacts oftthe frozer gronnd on the
proposed reeonstrueted ice. ¥iniks;, 3) antlis

& below-grade eotistinction-options 1o nitigate
1hese mpacts;; and.il}_:pmwde mamtenng fecermmendations. :

BACKGROUND
‘The:reconstmetion pmject inchrdes new concrete slabs within and surrounding the icerirk,

ag well as refrigerdnt piping and insulation systems, and a su‘b slab drainage layer (wﬂ’h
dizifiage piping-and geegnd remforcement} below the ice rink, consistent-with eneof the

altemnatives presented: in our. geatechnical rap@rt dated Dac&mber 4, 2006, and shown en

Contract Dimwing No. G-1 prepared by GZA.

As.stated inour previons report, fhis-optien of slab support should. m1t1gate,,, tut will not
climinate the. differentia] setftement of fhe proposed slgh .dug to ongoing secondary
cofpression of. compressible organic soils pregeiit below the buﬂdlﬁg and obsirved

Copyright*2007 GZA-GisoBavionniental, s,

Ay Equal Opporminizy Employer MUV



‘MacLaughlin Management aod Design May 25,2007
Filelo, 1926020  Page’

o ’Performed & prpgram of geotechnical. Tia’borat@rgftesnng moludmg'water oontent and
organios:porifentests performed on 3:samples-oferganio: soils fromboring GZ-102.

g el ‘al ; es:’c&" valuata ihe. effects of the Hfrozedi g

mmarizing our findings end.

103} were:performed within:the former dee vink
n, Massachisetts; off May 21, 2007.

ofl. i, areas where-fhe preatest; figave was
heaved arcs,, gppmm ik ‘6Lfeet from the

‘Three bmnnws ({E‘r 101 thmug‘h

ifrazen gronnd i GZA01 and thr@ugh froett
rifi € i‘:‘ ;aﬂd GZ«IUB Rock coring: tech.mques were used te
advancc t'hmugh flie: frozen ground in GZ-101. Botings GZ—IQ nd GZ-102 were
advaiicedto dépths ef-dbout.13 o ¥ fest; snd: each was teriminated: within likely natiiral
oranular solls bélow an organie sazl,‘layer Boring GZ-103 wuze advarced toa depth of 9
feet, andidid not encounter-organic soils.,

Boting locatlons:ate shownon Figure T. Bornglogsare attached 48 Appenidit B,

AACE-CONDITIONS:
Soil and Frozen Groumd

Based on the recent exploiations; stbsurface tonditforis consisted 'of about 1-t0 3
foet of unltozen sand-and gravel flllgver 2 fo 5 fect of frozen sand and gravel fill, over 310
4 feet of fiozen organic soils in berings GZ-10T -ahd GZ-102, The total thickness of
‘opsatic soils ju horings: GZ-101 and GZ-102 was. apprommatcly 5o 6rfeet, In boring GZ-
103, no-organic:soils were: seneountered and-the frozen zone did not extend beneath. the-fill
inte thematural soils, which:consisted of clay. and silt af this. location,

Thie:total thickiress:of the frozensoils enceuntered in-the bongs rahged frorn 4-to:§
feet, and the frozenzonc extendedto.a depth of approximately’ §5-10.10 Teet betow existing
.grade, whigh corraspends to approximate glevations +3 1o +7 feet. Refer to the boring logs
‘i Appendix B for sdditional defails.



MasLaugilin Mapagemont and Diésig i
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Thawingoftheforenseily T N
3. Gongolidation-efthe dseil underself-weight-and new snrcharge loads;and
3 Timerslatel secondty compression of the organic setl.

T gmmount o the-setlemaent duesto thawing of frozenground and. soil consolidation is
e ' ‘ ' ; xperienesd by

timate, buf:is expectedio be:groater than the.amo

_ ntof hie
chywasinegsuted To-be Wy to-apprexirt

Gased tig beams;

If this high amoynt of settlement ocenmed after ieo wink reconstrnotion,. the: settlement
offeots would be itolerdble. as’ the tanersts Would crack and soffle, and assaciated
refigerantand hiat piping systomiswould-likely fail

Thawing o . froen soil and soil-conssliddtion will sequiré fime: We understand thero Is
& oed 1o have-fhi ritl Back in, operation for th voining ive sports season, Thls, the
settlement will fiseito b aooeletated: so fhiat the miajotity ofithe seitlentent dug to thawing,
wongolidation, and xpprtion ofihe:scepndary-compression is.complefe prior fo-consieting
e periangnt slabs and systems; |

Altomatives to aceslerating the sctflementare not-considered economigally feasible. These
inglude excavating and replacing fhie cotpressible and/or fozen soil witt off eito fil et
supporting rink loads onpiles bearing below the ompressible and/or frozen soil.

Aceglorsted thawiag 1§ cirrently tuidléeway- over Blf of the rinl area. Alifiongh thawing

‘eheteation ean veportedly reach up-to.1 foot perday; weare convemed that thawing of the

Frozen. soil will mot be complete i the:available timesto allow gonstretion to-proceed in
timo-far thetirk fobe-open for thenextive sports season, Tdeally, afl frozen groviid should

‘bie-thawed before consiraetion-continues.

Cionsolidation-oF the thawed ground- can be acoelerated and ‘post-constrution: seftlement
mitigated by placing a tomporaty suchatge load for-a poriod. of-time, forcing the primary
consolidation settlenient and sore of the secondary compression to ooeur. Typically
surcharge loads are at least 3 o 5 feet of soil ‘placed above the: finished grade. This
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Plaﬁe-'s» ,

| 'thaifxp snoounters the:ds
AL the Can“rractox’s @ptmn f@llemng

arge; consisting oot of
,gxfade Memtox ta,cs and settlemﬁnt platforms and pmwﬁe data e Z"'
’ ; s 1o  tapeted off or as diteofed by 1k

ﬁaé, sur : We antmlpate that at Jedst 4 . 6 wesks ef'

sossible nstall 4t ms fo ;
: mént ‘ovet e lui;tall ut the IQWest exnavated gxade Suggested
1@cat1r;ms af setﬂement platﬁanns:*are ‘shoWn o tha -attached Figure 1. Settlement

entich s

- 11 _‘he reqmr‘ed féll@ng thawing of {lie gtovnd. This. surcharge

- s.peclﬁoamans

Monitoring Frogrim

groater sikeh

Systéiis per emsﬁng sontragt drawmgs afid

We recommend the followinig censtraotion moniforing be performed-via-optical or

Taser survey-methods:

| Stinatire/meditn

‘ -Lcma‘tmns

Frf:quenay

Toprof sororets-encased ties

lEvery 50 feet alcmg eyety:

Daﬂy-f 'acreasmg 16 Wee]dy‘l

fig, every 75 feet. along tes. |-after rate:
siith greater than 6 nches of | sufficiesitly.

initial heave.

Setfioment platforms on'soil

Minirnunt .of one pex each

M@nday, Welnosday and

quarter of ice  atep | Friday eatly week,
{oindinimof 4totaI) placed de;:reasmg 1o wookly -after
—:appmmmately nndwa;y tate of settlement slows
“Hétween ties. stiffictently:

Setlement p]*a*tfo::ms consist 6F a3 foot by 3 foetpieceof %-inch pressure-treated-
plywood witha 1-inch cast ren pipe flange: ‘bolted te-the-center of theplywood. Insett and

attach 1-inch -cast fron. pipe infe the

placed,

may Bo-cut'aff-6 nches below finished: grade-and left fpl

flange-and extend .above grade as necessary. Once:
the $etflementt platform should not be dlsm;rbed ot kivcked during construetion. It
scs affér-construstion. Surveyto




. 4 — BEuWiibyeALR WASEEL ~ SO0z, 'S ADW EALXLET nwdrudia anowwiisuy PaRodals pun st USRI DT~ 2 SO ORMN L IH DZ—09 25 LO0SZ 6 LO5E 0T~ 000" 5 | TPz
- .pﬁ;ﬂﬂﬁa&uﬂﬂﬁ&&ﬁ,ﬂﬁ:&ﬂmgﬁ#éﬁ SRS A
F 2P 0 ENSIISISNEDC Y G3ES mving), and-oneln, B
e vt SN NIRRT, 20 SS (G N zwﬂn
‘gN Funoiy |k sk hans Tens v Silitens i 2RHIDES 8
.uﬂ.om,.mmp

“BN LD3RCHd.

WEELTCE 2]
I

=U] pausukiosaIIeh Y28 9076

T2ttt rriiisss

HWAIBYNAAD
TOOHIS HICaIA
SOUHLINIA
enena

139918 INNNYd S¥
SNOILVAONZY SINIY NISHV1

SLITSAHOVISSYA ‘dO8HINIM

SSSLUREUNGRRRNANG NNy

T
%eé

NVid NOLLYINIANULISN] 035040%d
GNY NOILVOOT NOILYNETdX3

: T (LIS
. = . & e <
_ 9 20129
/ 7. G i)
-,
s
¢

4
4 ouzHiiv onlienca 7
LOR=1a 7
7

4

4 .
F g 2Ot~79 “, v
/i ) 4 -
¢ i Fi fedl B v 7 - NPT —
5 | F S L B AL AL AT AL LA AL AL LLLLL L e
§

"
-—

HOH F0Hd

7

AyH B CINDISA

HEN DS TEHIAEH

Pl

i

- oz_
R s 3
Sy,

& : ..,\ : L0y ™

\!\ I\I.\

3iv

000 HoIvEde
e
(cl:]
pEk BN
-,
o
\
L%
\
z,
\

T




GZA-QroBnvironmentalJne, . ‘ . ]
Enpineers/Seicntisi Taarson Rink - Empuse&ﬁiab_fl‘t_‘emnsimcﬁon ’ PageNo.

Norwpgd, MA 02064 -
] 0 Ngw}HampﬁhifaBﬂi__r_[g_,}g Casing,, Sampler . Groundwaer Reagdings

Eile Mo,

Boring Ne.

o . . 0602
One-Rilgewater Difve: Wiinthiop, WA Clicoksd Bl

G0
T of I

MAR.

“Todil- Fenticost. = Type g Split Spoon, Dae | nmg | Depih |

_Cusing

BiEb, Thie

1335

2 min,

Ron Rubiak LDiGDH. —gr Ay T LARYE | ol | 0@ | 18 |

—SEmT . B SABen] . HammerdWi T 300% Tanlbs: .
— .

. SeeExplorabion Lnalinr Plan HumfepFall: 24" o
. 11:25  Datuoe Mote-5 Other: -

Siinple Iiitoriviation

pawt | D Field Suiple Sitatym

S 81| Mo | T H) Blows/e" | TeskDada- Diesoription&; Clagilication Déscriptiofi

lenmrro=2

Vary.dense, brows; fine tosparse SAND.
dhrk

8§41 iz oA 657 sofiteGeavel, teaeg SILT, Boftom
‘ Brown fine:to-medium SAND, BRI ( ST
S| 66 | A&l | 1065550 (FILL) {bottom G Es frdzens)”

T\ Frozen, datk Bray-biows y SILT,. . HEL-

o (FIELY
1.3% 1:1; Top. 15" unfrozen; darkegray-brown,

1 eoxl wons:

clayey SILT,some (+¥ finefo'edarse SAND, L S

IO

g g% somi() Gravel (FILL)
i ' T i Bot vz, dark brown, THE Zgaiigd.
for 2 BEAT: littletwoodyfiberd..

0:8% 1 FEAT

0.3*

(e R N B e O B | Tap21% Datk Srovn, firie prined BEAT -

y Tittenwoody fibers; % plece-wag frozen; )
for3 |} Boiloni 2% Brown; fine to.coarse SAND end 10%

GRAVEL, e SILT (piifiozon)

s SAND
0:3* anid

15

Sa | omé | I3B-Tss | 320 (Wel, tnedium:dense, brown, fine I.conrse
i SANE hndsGiaveh; frace SIET {unfrozen)

13-15

‘Bottom of Boringat 155

25

il

L

TE®

Nme's.: '
Biratification fincs TEpresens approximale oundarics betiveen sofl types, mmsitions may be g_r_-eduaf, Water leve] readings have been wada atiimes-and undercontitions stated.

Eluctuatious of roxidwater miya cour-lueto factors otherttian those present e iy mieasurémenis were made:

* dunotés pppreximate-coring rav (minulgsifodt, ‘lbssnotsd otherwise). Coring dows pressint was approximitely 150 psifrom 3,295 6,2 drf AN p3Eom-

B0 132
Coarse-pice of imvel Todusd'in Ep-ofcore:barrel {LCoro Sample Né: ©2)

Frozen soil wos encousitered hetween depths‘ef approximately 050 and 85 .
Blevations per taser lavel survey by Frism-Builders; 1ne: Referenced to ElL 13,00 at top ot lobhy Hoor

Gz\ @A GeoEnvirermental, Inc. I

(Z-101




GZX GooEnvirarmental, Tnc. ] ) Bonag Mo GZ-02.
Engineers/Scienitisls Tatser Rifik ~ Proposed Slgb Reconstruction . Page No. 1 of T
B ) — FileNo: 19260.2
Ona BdpewalgrPiive. ‘Witithtop, Ma: Chieckel By: MAR
Norwoad, MA 02064
Dollihg Co: Tew: Hampshite:Boring, o, Caging- Sarppler. GroundwalerReadigg
Fareman Todd:Penticost- MW Sphit:Speon Date Timg | Depth [ :Casig -Btab,-Time
‘ Ton Kubiak T Pl 1 ; : J
ST EBud SIZ12007 " Hammist Wi 300# 140 Jbs. NOT RECORDED. .
Ter Bapiovatton Location Blin- ’ 'Hammer Fall, 24" 30"
148 Dalum MNote 4. ‘Other: ) -
®i
Sample'Yiifortialion’ D
Wi .. |Pei] Doplhy e Field Stigiim. | B
8| Mo: | Ree {E6 Fiowgs" | TostDaldl Pesétipkion& Deseription | 8
b j o Medinm:dense. Browa. T T
Srigaag 0 58 some-Glavél, traices l}n.(ﬂIIL) 1
' . z
18:1%
B2 | ke 24 AN —
50203 i
5. —
5.3 1 107 L
S%A;r 15 | sy | 18RED: |
| saiowee) 70 540
_ 4638 PEAT
gl pad| ot 184 3 |
7-16 - s
e |zanz| 343 1525 (alvods SAND 2, Gragel, Til SaND &-
: s angingio-faeito midinm’ SANDf GRAVEL ]
25-35 mm: LAy gits:
Bollen ofﬂoﬁngm 43 feen
20
5
Notes: o -
1. -Swatifieation-lnes reprsscntapproximate boundaries btwen sobk ypes, dnsidldns maye gredual, Wager fevil: readings finve been made af s arid under caditfons statéd.
Flueiuaiens of grouridwater miy acour: duc 1o faclors ather than-fhose present atthe fme measurermenls weee mades
2. Advanesd boring with casing 1o 3.5 feet,. opcn-hnlg advanicement ftom 3.5 107 feet, nsed casing from 74eet tobottam nl‘hannp,
3’ szensml wssenconntorcid bitween depuis of approvimately 3 arid 10.fect
4 Eliations-per laser leyél siirvay hy Biism Buildets, inc. Referenced to'EL 15.00 atdbp-of Inbby Hoor
G‘z\ Gz GeoBnyirotimental, Iné.
G702
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GZA | gtz and
! GeoEavitonmentdl, kac. Seiguity'

anghlin Mansgementand Désign.
< Lati€

contracter. Motdtorifig weobfmisndations wore ;
Summary:Leftt 7. Singd. isshanct'ol our Igiier, e-attendet:
o Jie 6 : @ and -construction progress: wers: disoussed. | sived the
attashedl Fetiiforing: data and rélafel nférmation from Pristh betwech June! 14 atid 25,2007 GZA
prepaved Shesatleched seitisment-finie plofs based on fliedata. A

BACKGROUND.

sonstraction project includes tiow concrete slabs within.and sarrounding e icerink, as well
4§ teftigerant mpmgané insuletion systends; and asubsslab draihage Iayer(wmﬂz disinage’ piping
and geogrid reinforeement) belew:tle 10¢ rink:

A dest. pif performed in Fay, 2009 if the pirlk area shovod approximdtely 7 to § fest-of frozent
ground, beginning-at & depth.of approgimately.2 Fout befow: grade and-extending 10 approximately 9
710 Foot, wilien the reack:6f Hhé madking was exteeded. GZA subssqisitly perforiied test borings

in the-rink area and observed frozen soil thitkness ranged from 4 tp-§ feef, and the-fozen Zone

extended to & depth of approximately 6.5 to 10 feet below existing grade; which corresponds te
approximie levations +3 o 7. feet! (projeot datiitn): | '

Based on. thie. borings, sebsurddes condiitons-consisted -of abut 1 fo 3 feet of unfrozen send and
gravel {ill over2 fo 5Teet of fozen sand and gravelfill, over'3 to 4 feét of-Frozénionganid soils s

| Blevitiotis bresenited i this-réport ate approximate.and ate basei-oi eroundiclevations previded by

Prism Builders: We understand the-¢levations are based ol -an assanied project: datum of +13i0 feet
attheexisting lobby floor (reférence-datum nnknows).

Copyrigl _"9 2007 GZA GécBnvironmental, Ine,
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MONITORING BATA

( id Ay installed on the-eXeay:
sifhacgs was placed,
esorid e was aspread shidet ‘of Siirvey data ¥eRStorced: 1o i plan: by collimin looatian,
iy  reading (May. 14) toithe Tatest (Tune 19 indicates.setflement of'up fo. 2V inches.
i filed ioveater than: | inch,2 lacations setiled jist vnder 1 3nch, 2.
anitl- 2. Jocations did ot move:

The:
Compaing

16¢

Snosaurdliangs Placement, Fertlomins Platforin 1A has settled 1.6 inches:and Settlopient Pltfamm:
A b héaved 13 jiichiés, Tie-beam monitoring points Hisve seified aipito ¥eifich, Over ghoutithe last
wedk (Tome 12:+thronghi 19} mingor-heave up:to. about Vi

expeptat C3-whinhr settled betiwden V4 and b iifoh:

GZA has notvisited fhe site-sinca our meeting oEJune 6, 2007.
BISCUSSION

The. scttlomisnt/licsve. tisnds of the datd pravided to GZA fog" diitetpretation. s -difficnlt to
ymdezstand,, Trawas antioipsied (hatthe amount of sefflement during Hawing would b
equal to'{lig-bserved Heave, Up to.abibut one foot.of beave bas previensly adourred (based on.
sutvey of thié fofy of conioretertié beams.on My 14, 2007), But total settleirienit rported have beon

nchss. In addifion, we antivipated settlerment: of sgveral inches during the:
siclinrge phase-die 1o consofidaion’of thevotganic Seils. Instend, the dafa ihdioatssthat o sinall
dmourit of setflemeint has Geciirred duklng the sutchatse, phass, The tieave frendover fhedast week 15
outside fhe:normal range of measurement error and is unexpected.. It appears-the mzjority: of the
settleiieit ocoumed during-the tiawing pidsé. '

o the order of T to 21

The Tagk of appreciable:setilement may indicate that fhio groundmay not be completély thavwed s
fidlicated by Prism. Ttmay also.be dusito stitvey, oot

The ‘data indicates that the: tiesbeams rerndin: Heaved fram their-originally-constucted position;
sinitilar-to theirpositions prior to thawing and sufchiiging, ‘We aré-concerned that the tie- beams
remaining heaved {and assumed tosbe in eentact with the soil immediately below the beants) may
tndlionte that bridging arownd voids-hay lave occurred in the préviously frozén soils. That is; if'the
5611 within the préviois ffozén zome has settled due 1o wielfing 6f ioe lenises and the the bébmis and
ippersoils. havernot seltfed, smafl voids ruay be present in the previously frozen-soils, If this isithe
caise, fhese voids could lator collapserand cause-seftlentent of the beams.and rink flooz.

oh-wats eporied at-each:tie-beam locafions.

‘he at least.

T s
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Byinterpretations ofwidely

sty ate. approyimate:and idealized and Haeerbeen. develpy atie :
o pecific:inforiiatiot;

spéioad. explorations and samples; apmal.soll transitionsazs; prolisbly-mote erratic.
refertoithe prploratoniogs:

3

-Reéview:

4. T b -event et any ehinges i the nafis; desip of location of fhe proposed bullding afe plagpsd, the
condligiotisand ecdimmendations containest i this report sheill not be-consideredvalid nnloss:fhechanges ate
reviewed and:conclusions oF fhis eport modified.orveritied fn writing by GZA GedBnyirormental, The (GZA).
: fiom be provided the -eppormpify for a gencral review of final ‘design and

Ii Is Tecommended ‘that ‘fhis - ;
specifications in order that caviwork :and; foundation ecommendafions, may- be, properly: iterpreted and

implemented ji the dbsigmand;specifications:
Céngtructor

.. It s recommended thiat fHiis fitm be retaned o provide soll ‘ehginecniy. servioss Quringeonstruction-of the
exgavation and. foundation pliasas of the swork: Tlifs i§ o ohsorve comipliance with . desigd GonCepts,
speeifications, and recommendationsiand to-allow.design changel i flse pventihat subsuiface conditions differ
from tHose Anticipatet prior o statt-afconstiaotion '

Use:6¢Repott

i This répoit has been praparsd for fie EXelusive use: ol Flie Town-T Wmﬂzmpan&MaeLaughﬁnMamagemem
arid Desigy for specific appliation to thepropdsed slab repairs and Billlding expansion of & éxisting Lidrsen
Rigicbuildig 5645 Pauin Sireet it Withrop, Massackusss, In actordance with generally-atepted soil znd
foiindatiofenginesring practices. No.ottiet-wairitily, expressedof implied, i6mede: '

T This oil and foutitkition eriginsering fepoit has been propared.for this profect by GZA, ‘Thiis report is for.
desigh purpoges-orily.and is not sifficlent to prepars-4n acenrate bid. Confractors wistiing a-copy-of the report
Ty seeure ftavith the iinderstahding that-its seope is Timited todesign considerationg-only.,

& ‘Phis, reporf contains approximate cost estimates for purpeses of evaluafing alternative geofoctmicdl design

schemes. Theserestimates invalve approximate: quantily eyaluations. A prelminaryestimate:of this natare 3s.
Tkély to-vary substantially fron1 Contracters’ Bid Prices. and is @t to bie considered the squivalent: 6f noi-ag)
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feet along its short sides.

Figure 2 shows the relationship of the Larsen Rink building to the adjacent
oymnasium building and the surrounding streets and property lines. :

Based: on our seview of the above referenced drawings from the original building
design, the building’s structural loads are supported by driven 12-inch-diameter steel
Monotube pile foundations with concrete pile caps. The piles are shown supporting the
exterior walls in groups of two to four piles per column, with a design capacity of 35 tons
cach, with 25 tons supporting the structure and 10 tons allowed for negative skin friction.
The existing ice area and thin bituminous stab within the surrounding building area is not
pile-supported. In the ice rink area, the drawings show 2 thin bituminous paving (which,
according to Mr. Wallace, does not currently exist below the ice), underlain by 6 inches of
sand with embedded refrigeration lines, over 2 inches of urethane insulation. The drawings |
indicate 4 feet of “non frost-susceptible granular fill” below the insulation. The drawings
also show steel fie rods running between pile caps at each column across the width of the
building. The tie rods are encased in concrete and are immediately below the urethane
insulation below the ice.

. The drawings also indicate that, prior to raising the site grades over the building
area, a program of placing a construction surcharge and allowing for setflement (measured
with settlement platforms) over a 6 to 9 month period was to be performed, followed by
removal of the surcharge and placement of free-draining structural fill soils to raise the
grade by about 2.5 feet above pre-existing conditions. Actual construction records are not
available documenting the implementation of the surcharge program.

Based on GZA’s observations while on site, and information provided by Mr.
Wallace, differential settlement and/or heave of the ice surface and surrounding bituninous
pavement/slab has oceurred. This differential settlement has been observed at any one time
i be-as much as 4 inches over short distances (less than 10 feet) below and adjacent fo the
ice surface. The surface of the ice currently contains a relative high “humped” zone that is
at least 2 to 3 inches higher than the remainder of the ice, and runs approximately
diagonally across the ice from the northeast faceoff circle to the southwest faceoff circle.

Based on our observations while on site, the structural walls and columns of the
existing building appeared to be in relatively good condition, with some minor infrequent
step-cracking observed in the mortar of the exterior brick facade.

Proposed Construction

Tt is our understanding that the Town of Winthtop intends to remove the existing ice
surface, refrigeration piping, and strrounding bituminous slab and supperting materials (as
necessary) and replace them with new concrete slabs, refrigeration piping, and supporting
materials {(as necessary). The refrigeration lines would be contained within the concrete slab.
The proposed ice elevation is the same as the existing ice elevation (i.e. no raise-in-grade).
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Test Pits

Four interior test pits were' performed (IP-1 through TP-4) within the existing
building on November 9, 2006. The test pits were performed to depths of 4.5 to 5 feet by
Ronald Marini Corp. of Newton, Massachusetts using a mini-excavator. The existing
bituminous surface layer was saw cut prior o excavating the fest pits. GZA obseived and
logged the test pits and obtained samples of existing fill soils for laboratory gradation.
analyses. At TP-1 and TP-2, the size and depth of adjacent subsurface concrete structures
were moeasured. The test pits were backfilled with the excavated materials, compacted by
tamping in lifts with the excavator bucket upon completion. Patching of the bituminous
. surface course was to be performed by Town of Winthrop personnel.

Refer to Figure 2 for approximate test pit locations. Test pit lbgs are attached as
Appendix C. '

GEOTECHNICAL LABORATORY TESTING

GZA performed. laboratory gradation analyses on six soil samples from the explorations
(TP-1, 8-1; TP-2, 8-2; TP-3, 5-2; TP-4, 8-1; GZ-1, 8-1A; and GZ-1, S-2A) to confirm visual
classifications and assess soil reuse potential. Results are inchaded in Appendix E.

SUBSURFACE CONDITIONS

Soils

Subsurface soil conditions varied greatly from the-south side of the rink (near Fauline
Sireet) to the north side of the rink. South of the rink, subsurface conditions generally
consisted of gramilar soils, However, north of the rink, thick fill and thick fill and
orgamic deposits are present. Based on discussions with Mr. Driscoll, we understand
that the area north of the rink was previously filled. This is consistent with our
review of historical USGS topographical maps that show the area north of the rink as
water in 1903, and as land in 1943. The current USGS topographic map (Figure 1)
shows the rink as being on filled land.

The following two concrete structures were encountered in the interior fest pits: In
TP-1, the top edge of a foundation element (likely a pile cap or grade beam) was
observed at an approximate depth of 3.8 feet; and, in TP-2, the side of what. appeared
10 be a concrete-encased tie rod was observed over a depth range of 0.8 to 2.1 feet.

Soil stratum descriptions in order of increasing depth are given below:

Fill: In GZ-1 (south of the rink), fill was encountered to a depth of 4 feet. In this
boring and in the interior test pits, the fill was generally observed as brown, loose to
medium dense, fine to coarse sand with up to about 35 percent gravel, and up to about
15 percent silt. In TP-1 through TP-3, the silt content in the fill was less than 6
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led to significant differential settlement of the bituminous pavement and ice support layer
across the building, Furthermore, the secondary compression will continue and thus impacts
design considerations for the ice vink slab reconstruction. The amount of secondary
compression will vary across the building due to the varying thickness of orgenic soils.

Due to the relatively shallow groundwater encountered, a permanent sub-slab
drainage system is required to maintain the groundwater level below the slab base course
during times of high groundwater. Temporary dewatering may be required during

construction. The high groundwater table likely contributes to the heave observed in the ice
surface and interior bitaminous pavement. -

Propesed Building Expansien

The primary geotechnical issues for the design of new foundations and slabs at the
proposed building expansion area are: the ‘significant variability of the soil conditions
observed at the sife, as observed in GZ-1 versus GZ-2; the possible presence of organic soils
(as observed in GZ-2); the presence-of loose grapular soils (as ohserved in GZ-1); and the
relatively high groundwater table observed in the explorations.

" Due to the considerable variability in the soil conditions encountered in borings GZ-1
and GZ-2, including high variability in the depth of fill and presence of organic soils
encountered, the geotechnical recommendations provided herein pertaining to the proposed
buwlding addition are considered preliminary. We recommend that an additional boring be
performed to a depth of approximately 50 foet at the eastern extent of the proposed building
addition prior to preparation of final geotechnical recommendations for the addition. '

The loose density of several SPT samples below the water table in the natoral
granular soils in boring GZ-1 increases the potential for liguefaction and settlement due to
seismic loading in these soils and may require further analyses if the building addition is not
supported on piles bearing below the loose granular soils. Such analyses were not performed
as part of this geotechnical evaluation, but should be performed prior to issning fimal .
foundation and slab engineering recommendations for the proposed addition.

GEOTECHNICAL RECOMMENDATIONS

The geotechnical design and construction recommendations presented below are based on our
understanding of the existing site conditions and proposed development, and our evaluation
of the available subsurface data. These recommendations are subject to the limitations
contained in Appendix A. :
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cost for a structural slab above a slab on grade. Should this option be
selected, -additional borings would need to be performed within the area of
proposed slab reconstruction to evaluate the depth to the bearing stratum so
that pile lengths could be estimated. '

Geogrid-Soil Mat

I the risk of differential slab settlement is acceptable to the Town, and
" the option of a slab on grade is being considered, the differential seftlement
may be mitigated to some degree (but not completely) with the use of a layer
of biaxial geogrid above and below a sub-slab drainage layer. Figure 3
presents a schematic skeich of this comcept. The geogrid-soil-geogrid
“sandwich” .would produce a relatively stiff geocomposite mat that would
distribute stresses better than soil alone, and may help mitigate potential slab
cracking due to differential soil settlements below. During the design and
construction of this option, consideration would have to be made for the
existing concrete-encased tie rods running across the building width, which
may physically prevent installation of portions of the geogrid.

The slab designer should consider the potential impact of the vertical
load of the slab-on-grade on the tie rods when evaluating if this is a viable
option. '

The designer may also want to consider embedding the refrigeration
pipes in a thin sand layer below the ice, underlain by insulation, similar to the
current design and typically used for seasonal rinks. Although the differential
seftlernent would still ocour, long-term maintenance of the pipes and leveling
of the sand layer may be easier than repairing or replacing a concrete slab.

Sub-Slab Drainage

With either slab-on-grade or structural slab support, a sub-slab
drainage system is recommended to maintain the groundwater level about 3
feet below the ice level

The sub-slab drainage layer would contain a network of perforated
PVC collection pipes connected to solid header pipes, which would be graded-
to drain to a sump which would be pumped, or drain by gravity into on-site
drainage lines. The pipes would be set above the recently measured
groundwater levels to avoid continuous, year-long dewatering. However,
appropriate permits would be required for discharge of the water.

Figure 3 shows the drainage pipes'below the slab-on-grade option.
The collection pipes should be spaced at approximately 25 feet on-center.
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additional boring should be performed to confirm conditions prior fo
adopting a site coefficient (8) factor used to evaluate the total lateral scismic
force on the proposed building addition. However, based on GZ-1, our
preliminary recommended S-Factor is 1.5 (Soil Profile Type S3).

Frost Protection for Proposed Building Addition

Exterior footings and interior footings or underside of pile/PIF caps in

unheated areas of the proposed addition should bear at least 4 feet below the
final exterior grades for frost protection. Interior footings and underside of
pile/PIF caps in heated areas should bear at least 18 inches below top of
slab. Protect all subgrades for footings or PIF/pile caps from frost during
construction.

Lateral Loads for Proposed Bu;ldmg Addmon

For spread footings, we- recommend that 1ateral loads for the proposed
addition be resisted by stiding. friction between the base of spread footings
and subgrade soils. We recommend a friction factor against base shear of
0.4. The factor of safety against sliding should be at least 1.5. ‘

Alternatively, should pile or PIF foundations be used, we recommend that
Jateral loads be resisted by passive soil resistance of the pile caps and grade
beams against adjacent compacted Structural Fill. We recommend an
allowable passive resistance be calculated using an equivalent unit weight of
180 pounds per square foot, discounting the contribution of the top 1 foot of

soil.

Constructiion Recommendations

1.

Slab Suberade Preparation

For slab-on-grade construction (if selected), remove existing fill to bottom of
proposed sub-slab drainage layer and proof-roll the exposed subgrade with a
minimum of 6 passes of a large vibratory drum roller (minimum static weight
of 10,000 pounds) and overexcavate any weak or soft spots identified during
proof compaction. In confined areas, proof- rol]mg may be performed with a
walk-behind double-dram roller with a minimum static weight of 1,000
pounds. Care should be taken fo protect existing fie rods and existing
concrete pile caps and grade beams. Do not proof-roll with large roller over ‘
the existing tie rods.

Replace excavated material ‘with compacted Sand-Gravel Fill or Crushed
Stone. Refer to Figure 3 for conceptual sketch of sub-slab drainage layer for
the slab-on-grade option. Gradation requirements are provided in Table 2.
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the Massachusetts Contingency Plan .(MCP) if contamination exceeds
Reportable Concentrations.

4,  Protection of Adjacent Structures

Care should be taken when excavating or performing below grade
_ consiruction to avoid damage to existing pile caps, grade bearns, and tie rods
for the existing building and the adjacent school gymnasium building.

5. Construction Dewatering

Fxcavations for the proposed ice rink slab reconstroction and new foundations
for the proposed addition are anticipated to be close to or below the
groundwater table. Thus, especially immediately after precipitation events,
construction dewatering may be required to conduct all work “in the dry”.
Based on review of existing soil conditions, we anticipate this can be achieved
with sump pumps with discharge on-site into excavated pits. Otherwise,
discharge of pumped water to existing sanitary/storm sewers would tequire a
federal, state and/or Jocal discharge permit and chemical testing of the water.

FINAL DESIGN AND CONSTRUCTION

As stated above, we recommend the following additional subsurface explorations be
performed priorto final design: ' -

« An additional deep boring should be performed in the proposed building addition area
prior to developing final foundation and slab recormmendations for this construction;

« Should a pile-supported slab be selected, additional borings should be performed in
the proposed area of slab reconstruction to verify required pile depths.

We trust the information presented herein is sufficient for your use in preparing final
development plans for the proposed slab replacement work, and to advance building
expansion design development, GZA recommends that we be retained to prepare the
carthwork specifications and to review and comment on near-final construction plans to assist
with implementation of our recommendations.

During construction, GZA should observe site earthwork and foundation construction for
compliance with our recommendations, project foundation plans, and earthwork
specifications.
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TABLE 2
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COIYEPACTION METHODS
Maxjmutn Maximum Loose Lift Thickness Mintmum Nuomber of Passes
Compaction Stone :
Method Siec®
Below Less Less
Structures and | Critical Critical
Pavernent Area and Pavement |-  Area
GRANULAR FILL; SAND-GRAVEL; CRUSHED STONE
Hand-operated vibratory plate or light roller in 4" 6" g 4 .
confined areas _ .
‘Hand-operated vibratory drum rollers weighing at least 6" 10" o 4
1,000# in confined areas
1oaded 10-wheel truck or D-§ Crawler 6" 10" 12 2
Light vibratory drum roller
minimum weight minitoum dynamic g 2" 18" 4
at dram 3,000 force 10,000#
wledium vibratory drum roller
minimum weight minimum dynamic g" 18" 24" 6
at drum 10,000# force 20,0004

% And no more than two-thirds (2/3) loose lift thickness.

GAL 9260\19260—0Q.MR\REPORT\19260-00_T02.DOC
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FIGURE 3 —~ SCHEMATIC SKETCH OF GEOGRID-SOIL MAT AND SUB-SLAB
DRAINAGE LAYER

APPROXEMATE SCALE: I/2-INCH = 1"-0"

L DRAH\TAGE LAYER MAY ALSO CONSIST OF %-INCH CRUSHED
STONE, ENVELOPED IN NON-WOVEN FILTER FABRIC (MIRAFI 140N
OR EQUIV.). IF LAYER CONSISTS OF SAND-GRAVEL, COLLECTION -
PIPES SHALL BE SUROUNDED BY MIN. 6-INCHES OF CRUSHED :
STONE, WRAPPED IN NON—WOVEN FILTER FABRIC (MIRAFI 14ON

OR EQUIV.).

2. - GEOGRID-SOIL MAT IS INTENDED TO MITIGATE DIFFERENTIAL
SETTLEMENT BUT WILL NOT ELIMINATE DIFFERENTIAL
- SETTLEMENT. BIAXIAL GEOGRID REINFORCEMENT DESIGN TO

BE DETERMINED.

3.  EXISTING CONCRETE-ENCASED TIE RODS (NOT SHOWN FOR
CLARITY) WILL IMPACT DESIGN AND CONSTRUCTION OF
GEOGRID REINFORCEMENT.
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prior to the proposed ice rink slab reconstruction. GZA again contracted
with MacLaughlin Management and Design to perform a study to (1)
evaluate subsurface conditions in the frozen ground beneath the rink (2)
evaluate the impact of frozen ground on the proposed reconstructed ice
rink (3) outline below grade construction options to mitigate these impacts
and (4) provide monitoring recommendations. :

GZA was recently informed that after one season of operation, the new ice
rink slab has settled over 8 inches and is likely not usable for the
upcoming ice skating season.

No allegations, wrong doings or claims have been made against GZA as of
this writing. We ask that you open a file on these circumstances. If GZA
receives any indications in the future of any claims due to its involvement
in the project we will notify AIG.

Very truly yours,

GZA GEOENVIRONMENTAL, INC.

Lewis Litwack
Director of Risk Management and Contracts

Cc: William Hover

Bruce Fairless/Martin Rodick
Ken Johnston/Sue Domko

Paul Sanfilippo, Risk Strategies
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