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The uncertainty associated with 
predicting groundwater flow 
through bedrock in a deep 
excavation requires using a 
flexible design approach and a 
monitoring program. 
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Several groundwater-related issues were 
investigated and documented in con
nection with the design and construc

tion of a seven-level underground parking ga
rage at Post Office Square in downtown 
Boston. Identifying and interpreting local hy
drogeological conditions were critical to assess
ing the feasibility of a permanent underdrain 
system and its impacts on adjacent streets and 
buildings. 

During the design phase, an extensive sub
surface exploration program was undertaken 
to characterize subsurface hydrogeologic con
ditions. The program included installing obser
vation wells and piezometers, permeability 
testing and a pump test program. Analytical 
and numerical dewatering simulation models 
were used to predict changes in groundwater 
conditions as the excavation progressed. Due 
to the lack of local experience associated with 
the unprecedented excavation depth, there 
were many uncertainties associated with the 
selection of hydrogeologic properties, model 
assumptions and boundary conditions. 

During the construction phase, an extensive 
groundwater instrumentation monitoring pro
gram was implemented to measure groundwa
ter response in the vicinity of the excavation. 

Project Background 
Post Office Square Garage consists of a seven
level below-grade parking structure with a 
public park located on the garage roof at 
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FIGURE 1. Project location. 

ground surface. The project is located within 
Boston's downtown Financial District as 
shown in Figure 1, and is bounded by Milk, 
Congress, Franklin and Pearl Streets. 

The project was built using the top-down 
construction method as described by Whitman 
et al. 1 and Schoen wolf et al. 2 The perimeter wall 
consisted of a cast-in-place concrete diaphragm 
wall (slurry wall) extending to a depth of 85 to 
90 feet. A cross section through the garage is 
shown in Figure 2. 

The subsurface soil and rock conditions (also 
indicated on Figure 2) from the ground surface 
downward are primarily composed.of five strata. 

There is a surficial layer of miscellaneous fill 
consisting of a fine sand to sandy gravel with vary
ing amounts of brick, concrete and granite blocks. 
This fill varies in thickness from two to 13 feet. 

Below the fill is a gray silty clay deposit, 
ranging in thickness from 35 to 50 feet with 
lenses and layers of sand and silt. The un
drained shear strength of the clay varied from 
1,000 to 1,500 pounds per square foot. 
· A sand layer, ranging in thickness from one 
to nine feet, was encountered at most locations 
around the site. This deposit can be described 
as medium dense to very dense, fine to coarse 

38 CIVIL ENGINEERING PRACTICE FALL/WINTER 1993 

sand with varying amounts of fine to coarse 
gravel. 

The glacial till underlying the site generally 
consisted of a hard, clayey to gravelly silt to a 
very dense silty coarse to fine sand, ranging in 
thickness from five to 38 feet. (Portions of this 
stratum have since been reclassified by Hum
phrey as glaciomarine deposits.3 ) 

Bedrock consisted of a very soft to moder
ately hard, completely to very slightly weath
ered argillite and sandstone. 

The garage is surrounded by city streets. The 
nearest buildings range from 50 to 75 feet from 
the site perimeter. Foundations of these struc
tures vary from spread footings supported in 
the upper clay stratum to deep caissons and 
piles installed into the glacial till. Numerous 
utilities are located below the adjacent streets 
in the fill stratum. 

Two options were considered for the design 
of the lowest level garage floor slab: 

• · A structural mat capable of resisting full 
hydrostatic pressures; or, 

• A slab-on-grade with hydrostatic pres
sures relieved by a permanent under
drain system below the slab. 
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FIGURE 2. East-West cross section through the project. 

In order to determine the feasibility of the latter 
option, major hydrogeologic engineering is
sues were investigated: 

• What quantity of groundwater flow will 
enter the underdrain system, and how 
might this quantity (seepage) be mini
mized? 

• What are the long-term effects of the un
derdrain system on the surrounding 
groundwater a_nd piezometric levels? 
What would be the aereal extent of the 
potential drawdown? 

• Due to reductions in piezometric levels, 
what would be the resulting settlement of 
the clay stratum and what would be the 
potential effects on adjacent buildings 
and utilities? 

To evaluate these issues, in-situ permeability 
testing and a pump test program were con
ducted to estimate hydrogeologic parameters 
for analytical and numerical dewatering simu
lation models. 

Subsurface Explorations 
Two phases of subsurface explorations were 
undertaken for the project. The first phase con
sisted of 15 borings that were drilled within the 
site limits. These borings were primarily con
ducted for foundation design and included in
stalling six shallow observation wells and eight 
piezometers. The groundwater instrumenta-

tion installed during this phase was for prelimi
nary design purposes and was later destroyed 
when the old above-ground garage occupying 
the site was demolished. During this phase of 
the subsurface explorations, 14 falling head 
permeability tests were performed in the clay, 
sand, glacial till and bedrock strata. Four water 
pressure (packer) tests were also performed in 
the bedrock. 

Supplementary explorations were under
taken primarily to install instrumentation for 
groundwater monitoring during construc
tion. These instruments were installed ap
proximately one year before the anticipated 
start of construction to establish preconstruc
tion groundwater and piezometric levels. 
The instrumentation included seven observa
tion wells and 34 piezometers that were in
stalled within an approximate two-block area 
surrounding the site as shown in Figure 3. 
During this exploration phase, 35 additional 
variable head permeability tests (rising and 
falling head) were performed in the sand and 
glacial till strata and bedrock. However, these 
tests were primarily conducted within the 
bedrock in an attempt to better define perme
ability variations with depth below the top of 
rock. 

Pneumatic and standpipe piezometers were 
installed in the completed boreholes. Pneu
matic piezometers were primarily installed 
within the clay stratum and consisted of a dia
phragm-acting porous stone. Standpipe pie-
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FIGURE 3. Location of the groundwater instrumentation. 

zometers were typically installed in the more 
pervious glacial till and bedrock. The stand
pipe piezometer tips were 12 inches long, 1-½ 
inches in diameter, and had a screen consisting 
of a 40-micron vyon filter. 

Figure 4 presents preconstruction ground
water and piezometric levels from both explo
ration phases. The figure indicates an apparent 
hydraulic gradient within the clay stratum. Ob
servation wells installed in the fill and pie
zometers installed in the upper clay layer (at or 
above el. 0) indicated hydrostatic conditions 
with a corresponding groundwater level of ap
proximately el. 10 (typical of this area). How
ever, at or below el. -30, depressed piezometric 
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levels were recorded in the lower clay layer, 
glacial till and bedrock, with an average pie
zometric level of approximately el. -8. 

It is uncertain what conditions may have 
caused this variation. There was no apparent 
deep (bedrock) pumping near the project 
area. 

Results from both phases of in-situ perme
ability tests are summarized in Figure 5. The 
results have been normalized to reflect the 
range of permeabilities as a function of depth 
below the top of bedrock. In general, the bed
rock permeability ranged from 10-3 to 10-5 cen
timeters per second (cm/sec), with little to no 
trend with depth. The permeability of the gla-
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FIGURE 4. Preconstruction groundwater and piezometric levels. 

cial till typically appeared to be less than the 
bedrock, varying from 10-4 to 10-6 cm/ sec. 

Also of interest were six tests within the 
bedrock in which both falling and rising head 
permeability tests were conducted. Four of the 
six tests indicated higher permeability values 

for the rising head tests. A comparison between 
the tests revealed that the results were within 
0.05 cm/ sec of each other. 

Finite Element Analyses 
Parametric analyses were performed on a mi-
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era-computer using finite element analysis 
software. The results of the finite element 
analyses were presented in flownet form us
ing a graphical presentation software pack
age. 

The analyses were conducted to estimate the 
quantity of flow into the excavation and the 
potential drop in piezometric levels at the bot
tom of the compressible clay stratum. Table 1 
summarizes the assumptions associated with 
the analyses. 

From the results of the analyses, several 
conclusions were drawn. Theoretical esti
mates of groundwater flow into a permanent 
underdrain system depend to a high degree 
on the in-situ permeability of the bedrock and 
the assumed boundary conditions for the 
particular analysis. For the average value of 
bedrock permeability (see Table 1), the esti
mated total flow into the underdrain system 
was approximately 20 gallons per minute 
(gpm). For the highest assumed bedrock per
meability, the total estimated flow was ap
proximately 250 gpm. 

Increasing the slurry wall penetration below 
the bottom of the excavation minimally re
duces flow into the excavation. The greatest 
reduction of flow with increasing slurry wall 
depth occurred for the case of lowest bedrock 
permeability. For a constant total head bound
ary at the bottom of the bedrock stratum, the 
depth of slurry wall cutoff had the least influ
ence on the flow quantity. 

Less piezometric head loss and higher seep
age quantities were calculated when assuming 
a constant total head at the bottom bedrock 
boundary as compared to an impervious 
boundary. 

The decrease in piezometric head at the base 
of the clay stratum varied considerably, based 
on the assumed bedrock permeability and 
analysis boundary conditions. For the analysis 
that considered the highest rock permeability 
and an impervious bedrock bottom boundary, 
a total piezometric head loss was estimated 
within 50 feet of the excavation (zero piezomet
ric head at the bottom of the clay). Alterna
tively, minimal piezometric head loss was esti
mated at the bottom of the clay when the lowest 
bedrock permeability and a constant head 
boundary was assumed. 

TABLE 1 
Summary of the Finite Element Analyses 

Excavation Support/Cutoff System Details: 
■ Ground Surface: el. 20 
■ Bottom of Excavation: el. -55 
■ Excavation Support System: 

Reinforced Concrete Diaphragm Wall 
(Slurry Wall): 

Thitkness: 3.0 ft. 
Depth of Embedment Below Bottom 

of Excavation Varied From 5 to 30 ft. 

Soil Profile & Permeabilities 

Subsurface Thickness of Permeability 
Stratum Stratum (ft.) (cm/sec) 

Fill 15 1 X 10-S 

Clay 40 7 X 10-7 

Sand 10 1 X 10-s 

Glacial Till 15 2 X 10-6 

Bedrock >135 Low Est.: 7 x 1 o-7 

Ave. Est. 5 x 1 o-5 

High Est.: 7 x 1 o-4 

Piezometric Boundary Conditions: 
■ Hydrostatic Groundwater Level: el. 10 
■ Bottom Bedrock Boundary: el. -195 With 

Two Conditions Analyzed: 
1) Impervious; 
2) Constant Head Boundary With 

Hydrostatic Level at el. 9 

Pump Test Program 
Three deep bedrock dewatering wells were in
stalled and tested as part of an on-site pump 
test program. The wells were installed through 
approximately 100 feet of overbun;ien soils and 
screened approximately 40 feet into bedrock. 
The well screens consisted of six-inch diameter 
wire wound screen. Observation wells and pie
zometers (as shown in Figure 3) were moni
tored during the pump test. Specific details of 
the pump test program are presented in Table 
2. Results of the pump test and subsequent 
analytical and numerical simulation models in
dicated the following: 

• Assuming a saturated aquifer thickness 
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TABLE 2 
Summary of the Pump Test Program 

Bedrock Duration of 
Test Well Screen Range Pumping 
No. (el.) (Days) 

TW-1 -75to-115 5 

TW-2 -76 to -118 4 

TW-3 -78 to-118 5 

approximately equal to the 40-foot well 
screen length, the bedrock permeability 
values ranged from 1 x 10-4 to 9 x 10-4 

cm/sec. 
• Although several factors may reduce the 

actual long-term flow into the excavation, 
it was determined that the underdrain 
system should be designed to accommo
date permanent flows of up to 100 gpm. 

• The major source of flow into the excava
tion would be through the bedrock. The 
slurry wall cutoff will serve to decrease 
the flow from the overburden soils into 
the excavation. However, the wall pro
vides little effect in decreasing the flow 
from the bedrock. 

Ground Settlement 
Due to Dewatering 
As piezometric head losses develop within the 
clay stratum, consolidation of the clay occurs, 
resulting in ground surface settlement. These 
settlements are typically proportional to the 
clay stratum thickness and the magnitude of 
head loss within the clay stratum, which theo
retically decreases with distance from the exca
vation. 

Long-term ground surface settlements due 
to dewatering were calculated based on the 
piezometric head losses estimated from the fi
nite element analyses. The head losses were 
calculated based on assuming an impervious 
bottom boundary in the bedrock and the low 
and average bedrock permeabilities as indi
cated in Table 1. The stress history of the clay 
deposit, as estimated from consolidation tests, 
indicated that the increased effective stress in 
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Static 
Piezometric Drawdown at 

Pumping Rate Level Prior to End of 
(gpm) Tests (el.) Pumping (el.) 

5.9 -8.3 -51.0 

3.4 -8.5 -84.0 

0.9 -7 .1 -94.8 

the clay caused by dewatering would not ex
ceed preconsolidation values. The estimated 
settlements ranged from 1-% inches for loca
tions nearest the site, where the clay stratum 
was observed to be the thickest; to % inch at 
locations greater than 75 feet from the site, in 
areas where the clay layer is thinner. 

The estimated long-term settlements were 
calculated assuming hydrostatic conditions 
through the clay layer. However, as indicated 
in Figure 4, depressed piezometric levels were 
measured at the bottom of the clay layer. It was 
not certain how long these levels were de
pressed. If depressed piezometric levels were 
assumed in the settlement analysis, settlements 
were estimated to be % to h inch less than those 
calculated assuming hydrostatic conditions. 

Groundwater Control 
Considerations 
Using the results of the hydrogeologic studies 
and settlement analyses, an approach to 
groundwater control was adopted. It was gen
erally concluded that significant uncertainty 
exists in quantifying the bedrock permeability. 
Although the bedrock was modeled as a homo
geneous porous media, seepage quantities into 
the excavation could locally vary significantly 
depending on bedrock joint spacing, width and 
orientation. In order to assess this uncertainty 
during construction, an extensive groundwater 
instrumentation monitoring program was un
dertaken. Piezometric levels were to be moni
tored both inside and outside the excavation 
limits. 

Settlement predictions of adjacent struc
tures, due solely to consolidation of the clay, 



were estimated to be tolerable. For several ad
jacent buildings located within 50 feet of the 
excavation, "worst case" foundation . settle
ments of% inch or less were estimated. 

For the permanent underdrain system alter
native, consideration had to be given to: 

• The quantity of flow the present and fu
ture owners would be willing to provide 
for and maintain; and, 

• The amount of discharge from the system 
that the associated public agency would 
determine to be acceptable. 

Since the estimated flow quantity was rela
tively uncertain, the substructure design in
cluded provisions for installing either a perma
nent underdrained slab or a structural slab that 
could resist full hydrostatic uplift pressures. 
Economically, the permanent underdrain sys
tem was the preferred alternative. However, if 
during construction the quantity of flow into 
the excavation was deemed to be excessive, a 
pressure slab could be constructed with mini
mal delay. 

Studies indicated that extending the bottom 
of the slurry wall deeper into the bedrock stra
tum did not significantly reduce groundwater 
flow into the excavation. Therefore, the slurry 
wall was typically installed at least two feet into 
rock. For contingency purposes, four-inch di
ameter PVC pipes were installed in slurry wall 
panels at ten-foot spacing to allow access for 
post-grouting below the slurry wall, if neces
sary. A grouting program was to be considered 
if isolated areas of seepage were identified be
low the bottom of the wall. It was envisioned 
that grouting would potentially decrease seep
age quantities into the excavation. 

Construction Dewatering Program 
To maintain stable subgrades during the exca
vation sequence, a temporary dewatering pro
gram was implemented. The program con
sisted of ten dewatering wells in addition to the 
three existing test wells. Locations of the wells 
are shown in Figure 6. 

Seven of the ten wells were advanced using 
a 17-inch diameter roller bit. The completed 
wells consisted of an eight-inch diameter riser 
pipe with screen (0.040-inch louvered) installed 

through the sand, glacial till and bedrock. After 
installing the well screen, the annular space 
around each well screen was backfilled with a 
filter-compatible clean processed gravel. 

The remaining three dewatering wells (W2, 
W6 and W9) were installed using a three-foot 
wide by eight-foot long clamshell bucket exca
vated under a biodegradable polymer slurry 
("trench" wells). The riser pipe and screen were 
24 inches in diameter. 

In an attempt to limit the amount of pie
zometric drawdown outside the project limits, 
the rotary-drilled wells were typically installed 
ten feet into rock and generally no greater than 
two feet below the bottom of the slurry wall (el. 
-70). Wells W2, W6 and W9 were installed to the 
lowest excavation level, approximately el.-55. 

Pumping from the wells was conducted on 
a continuous basis that began during the exca
vation of the first subgrade level. The number 
of active wells and the pumping level within 
each well varied as the depth of the excavation 
advanced. To monitor the effectiveness of the 
pumping, nine vibrating wire piezometers 
were installed at selected locations - two in 
sand, one in glacial till and six in bedrock. The 
locations of these piezometers are also shown 
in Figure 6. 

Results of the Construction 
Monitoring Program 
As indicated in Figure 7, construction dewater
ing was initiated in August 1989 and continued 
until the end of June 1990. Initially, one well 
was used to dewater the upper excavation lev
els. As the excavation deepened, the number of 
wells in operation gradually increased to nine. 
Total pumping rates for all wells in operation 
during construction varied from three to 
16 gpm. Groundwater collected during con
struction dewatering was pumped into a set
tling tank prior to discharge. Minimal fines or 
sediments were observed in the settling tank 
during dewatering operations. 

In July 1990 the permanent underdrain sys
tem was installed. This system consisted of a 
series of six-inch diameter perforated PVC 
pipes embedded in a 12-inch thick layer of 
%-inch stone. Filter fabric was laid on the ex
posed subgrade prior to stone placement. Total 
flows into the underdrain system and meas-

CNIL ENGINEERING PRACTICE FALL/WINTER 1993 45 



♦ Vibrating 
Wire Piezometer 

A TestWell 

Rotary Drilled Well 

Excavated "Trench" 
Well 

N 

+ 

0 50 ft. 

FIGURE 6. Location of the construction dewatering wells and piezometers. 

ured in the sump pit ranged from eight to 12 
gpm. 

The results of the groundwater instrumenta
tion monitoring outside the site are presented 
in Table 3. The finite element analyses per
formed during design had indicated that the 
greatest drawdown would occur in the bed-

. rock. This drawdown was confirmed at BllO-C, 
where a maximum drawdown of 37 feet was 
observed (see Figure 8). It appears that the 
magnitude of drawdown indicated by the bed
rock piezometers may have been affected by 
the location of the tips since the deeper pie-
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zometers showed the greatest amount of draw
down. 

Maximum drawdown in the glacial till and 
clay during construction was seven and five 
feet, respectively. Drawdown in the clay was 
typically minimal and appeared to depend 
more on the distance of the piezometer tip from 
the bottom of the clay layer than the distance of 
the piezometer from the excavation (see Table 
3). Virtually no changes in groundwater levels 
were observed in the fill during construction. 

Figures 8 and 9 present typical piezometric 
response to construction dewatering at various 
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\ 
TABLE 3 

Summary of Groundwater Instrumentation for the Post Office Square Garage Project 

Pre-
Piezometer/ Tip Approximate Construction Maximum Maximum 
Observation Location Subsurface Distance From Level 10/88 Level 6/90 Level Drawdown Drawdown 
Well No. (el.) Stratum Excavation (ft.) (el.) (el.) 12/91 (el.) 6/90 (ft.) 12/91 (ft.) 

B110-OW 5.5 Fill 30 11 11 11 - -
B113-OW 4.3 Fill 55 9 9 9 - -
B102-OW 4.4 Fill 225 8 8 8 - -
B106-OW 6.1 Fill 280 8 8 8 - -
B110-PZ-A 0.3 Clay 30 11 10 11 1 -
Bl 10-PZ-B -18.7 Clay 30 -3 -10 -8 7 5 
B108-PZ-A -16.5 Clay 45 -3 -6 -3 3 -
B110-PZ-B -31.0 Clay 45 -6 -17 -11 11 5 
B104-PZ-A -27.4 Clay 50 -5 -9 -6 4 1 
B113-PZ-A -10.2 Clay 55 -2 -2 -2 - -
B114-PZ-A 5.9 Clay 115 12 10 (Destroyed) 2 -
B105-PZ-A -1.4 Clay 130 6 6 6 - -
B105-PZ-B -16.4 Clay 130 -5 -8 -5 3 -
B107-PZ-A -30.9 Clay 140 -5 -9 -5 4 -
Bl 12-PZ-A -9.5 Clay 215 -1 -3 -1 2 -
Bl 12-PZ-B -30.5 Clay 215 -8 -13 -10 5 2 
B111-PZ-A 9.7 Clay 220 14 12 14 2 -
B102-PZ-A -9.1 Clay 225 5 2 2 3 3 
B103-PZ-A -13.6 Clay 240 -4 -7 -7 3 3 
B101-PZ-A -30.9 Clay 250 -3 -5 -3 2 -
B115-PZ-A -2.7 Clay 275 2 2 2 - -
B113-PZ-B -30.2 Sand 55 -6 -9 -6 3 -
B114-PZ-B -23.6 Glacial Till 115 1 -4 (Destroyed) 5 -
B105-PZ-C -48.9 Glacial Till 130 -8 -10 -9 2 1 
Bl 07-PZ-B -43.4 Glacial Till 140 -8 -15 -12 7 4 
Bll 2-PZ-C -47.5 Glacial Till 215 -8 -12 -9 4 1 
Bl 11-PZ-B 2.2 Glacial Till 220 9 (Destroyed) - -
B102-PZ-B -28.1 Glacial Till 225 -5 -12 -12 7 7 
B103-PZ-B -36.1 Glacial Till 240 -7 -7 -7 - -
Bl 01-PZ-B -55.4 Glacial Till 250 -7 -7 -7 - -
Bl 15-PZ-B -13.2 Glacial Till 275 -5 -5 -5 - -
Bl 09-PZ-A 3.3 Glacial Till 280 12 12 12 - -
B109-PZ-B -3.2 Glacial Till 280 11 11 11 - -
B106-PZ-A -34.4 Glacial Till 280 -15 -15 -15 - -
Bl 10-PZ-C -83.2 Bedrock 30 -8 -45 -40 37 32 
8108-PZ-C -71.0 Bedrock 45 -8 -36 -26 28 18 
8104-PZ-B -70.9 Bedrock 50 -5 -30 -25 25 20 
8113-PZ-C -62.2 Bedrock 55 -8 -16 -12 8 4 
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instrumentation locations. The piezometers 
shown were selected to illustrate the effects of 
the varying subsurface conditions surrounding 
the site. 

Piezometers located in boreholes B102 and 
B107 represented the subsurface conditions 
northeast and west of the site where the clay 
stratum directly overlies glacial till. As indi
cated in Figure 9, piezometers located in the 
clay and glacial till responded to construction 
dewatering and data approximately paralleled 
each other. 

Piezometers located in boreholes B110 and 
B113 represented subsurface conditions at the 
southern end of the site where a sand layer 
existed between the clay and glacial till strata. 
The data collected at these piezometers (see 
Figures 8 and 9) show a significant response to 
construction dewatering in the bedrock. How
ever, due to the relatively pervious sand layer 
and the less pervious glacial till below, propor
tionally less head loss was observed within the 
clay. It is likely that the sand layer served to 
provide recharge to the bottom of the clay layer 
and, thus, reduced drawdown in this stratum. 

Only three of nine piezometers installed 
within the site provided continuous data 
throughout construction as shown in Figure 10. 
The other piezometers were destroyed or tem
porarily obstructed or disabled during excava
tion operations. 

The data presented in Figure 10 indicate the 
relatively rapid response of piezometric levels 
within the site with increased dewatering ef
fort. However, during some periods of constant 
construction dewatering, drops in piezometric 
levels within the site appeared to have been 
related to increased excavation depth. This be
havior was generally observed during the last 
three levels of excavation in mid-1990 when the 
level of dewatering within the site remained 
constant at approximately el. -70. These data 
would suggest that a relatively effective cutoff 
was provided by the slurry wall. 

Figure 10 also indicates piezometric levels of 
up to eight feet greater than the existing sub
grade level during May /June 1990 atpiezome
ter PZ2. Although the elevated piezometric 
level at this location was of concern, no sub
grade instability was observed and the pie
zometric head dropped during the next stage 

of excavation. Upon completion of the excava
tion, all three piezometer locations indicated 
piezometric levels above the subgrade level, 
reflecting seepage gradients below the under
drain system. 

To relate the effects of groundwater draw
down with adjacent ground surface settle
ments, nine surface reference points were se
lected from points that were installed to 
monitor settlements near the site. The selected 
points are shown in Figure 11 and were in
stalled prior to construction in September 1988 
and were monitored until mid-1990. The nine 
points were selected since they were located 
near the corners of the slurry wall and were 
assumed to be essentially independent of 
slurry wall-related movements. The points 
were also located at least 100 feet from the 
excavation. 

Measurements taken as of July 1990 indi
cated negligible movements at points 24, 42 
and 62. Settlements at points 1, 2, 3, 22, 41 and 
54 were approximately% inch. These recorded 
settlements were generally within preconstruc
tion estimates. 

The maximum settlement for an adjacent 
building was ½ inch for a structure located 
approximately 50 feet from the excavation. Set
tlement of this structure was believed to be 
primarily related to lateral movements of the 
slurry wall. 

Conclusions 
Significant uncertainty exists in estimating the 
effects,of groundwater control during the con
struction of a deep excavation. This uncertainty 
is typically related to the inability to accurately 
determine subsurface soil and rock permeabili
ties. For the Post Office Square Garage project, 
this uncertainty was compounded since the 
bottom of the excavation cutoff was embedded 
in bedrock. 

Unlike the determination of flow through 
porous media, bedrock permeabilities may be 
significantly influenced by joint spacing, width 
and orientation. In addition, boundary condi
tions for analytical and numerical modeling are 
difficult to determine due to the potentially 
extensive depth of bedrock aquifer. 

In general, the effects of groundwater con
trol on excavations is directly related to specific 
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FIGURE 10. Excavation, piezometric and dewatering levels versus time within the project site. 
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FIGURE 11. Selected surface reference points. 

site details and should be investigated on a 
case-by-case basis for each excavation. Such 
details may include: 

• The relationship between the depth of cut 
off and subsurface conditions; 

• Areas of potential groundwater recharge; 
• Adjacent foundation types; and, 
• Existing structures that may act as con

duits of groundwater. 

As indicated by this project, a monitoring 
program should be developed to evaluate de
sign assumptions for situations that contain 
significant uncertainty. Contingencies can then 
be developed that can be effectively imple
mented if the conditions that are encountered 

N 

during construction vary significantly from 
those that have been assumed. 

NOTES - All elevations referred to here are refer
enced to Boston City Base Datum (BCB). Finite 
element analysis software used for the project was 
FLOWNET; the graphical presentation software 
was FLOWPLOT. 
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