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ABSTRACT 
 
A real-time monitoring system was used to monitor subsurface movements and groundwater 
levels at Perris Dam during the construction of a liquefaction remediation test section.  The test 
section considered herein included dewatering, driving sheet piles, excavation and replacement 
of soil, and deep soil cement mixing.  The California Department of Water Resources (DWR) 
implemented a geotechnical instrumentation program to automatically and continuously monitor 
changes in subsurface movements and groundwater levels using in-place inclinometers and 
electronic piezometers, respectively.  Each remote station at the project site automatically 
transmitted readings to a server at selected time intervals using wireless Internet modems. Plots 
of in-place inclinometer displacement profiles and water elevation were monitored by DWR 
project team members via a secure web page during and after construction. Water levels and 
displacement profiles were calculated and compared automatically, in real-time, to pre-
established threshold levels.  The server computer was programmed to initiate phone calls to a 
list of designated project members whenever threshold levels were exceeded. Each automated 
message included the project name, remote station number, and relevant reading from the in-
place inclinometer or piezometer instrumentation. The real-time monitoring system used at Perris 
Dam provided continuous feedback during remediation construction work and provided a cost 
effective way to achieve continuous field observation with an automatic notification system.  
This paper will discuss the specification, set up, and performance of the geotechnical monitoring 
system during the test section monitoring. 
 

INTRODUCTION 
 
Perris Dam, located in western Riverside County, California, is a 125-foot high earth dam 
extending 2.2 miles in length (Figure 1). A residential neighborhood is located immediately 
downstream of the dam.  A 2005 California Department of Water Resources (DWR) study of the 
Perris Dam foundation indicated that thin sandy layers in the dam foundation are potentially 
susceptible to liquefaction and severe loss of strength during a large earthquake event.  A test 
program was initiated to evaluate planned repair work scheduled for 2013.  This paper describes 
a real-time monitoring system used to measure ground water levels and lateral subsurface 
displacements in an effort to ensure public safety during the test program construction.  
 

BACKGROUND 
 
While the foundation conditions at Perris Dam were considered adequate by the standards of 
practice during its design phase in the late 1960s and early 1970s, significant advances in soil 
liquefaction engineering, including soil sampling, testing, and computer modeling methods, have 
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In the event any data reduced from the instrumentation readings exceeded the established 
threshold levels, a computer generated phone message would automatically be sent with a 
description of what station exceeded the threshold criteria along with the measured value.  A 
detailed plan was added to the project specifications that described what action would be 
required for a given notification.  The required action varied with each threshold level.  For 
example, a level 1 notification would be sent only to the Instrumentation Engineer and DWR 
Project Manager for review.  In contrast, exceeding the level 3 threshold required the 
construction foreman to be on site within 30 minutes and key staff from the contractor  and 
DWR to be on site within 60 minutes of notification.  The automatic notification system was 
deactivated for some instrumentation at various times during construction based on the nature of 
the construction activity and the anticipated measurement changes.  For example, the notification 
system was disabled for two of the in-place inclinometers when sheet piles were installed 
adjacent to the inclinometers.  Similarly, the notification system was disabled for the piezometers 
during several periods during construction when it was anticipated that dewatering activity 
would initiate false notifications. 
 
The majority of construction work requiring automated monitoring occurred during the period of 
time beginning in January and extending through the middle of March 2010.  Figure 11 shows 
the maximum cumulative displacement results for in-place inclinometer IPI-4.  The displacement 
threshold levels are also included on Figure 11 for comparison with the measured results.  The 
results indicate that IPI-4 never exceeded the lowest displacement threshold criteria of 0.1 inches 
over a period of 24 hours.  Cumulative displacements shown in Figure 11 and identified as “24-
Hr Average” were calculated by averaging 12 hours of readings and comparing the resulting 
averaged profile with a set of readings (averaged over a 12 hour period) occurring 24 hours prior 
to the first set.  In addition to the 12 hour averaging method, maximum cumulative 
displacements were also calculated using a single inclinometer reading and one reading 24-hours 
prior to the first.  Figure 11 illustrates that using single reading events results in increased 
displacement calculations as expected without averaging, but both calculation methods produced 
displacements below the established level 1 criteria.  None of the inclinometer instrumentation 
readings exceeded the level 1 threshold for this project. 
  



 
 
Web-Ba
 
A useful 
unreason
secure da
user.  On
providing
need to p
graphs an
Internet c
for exam
home com
applicatio
2 capture
located a
 
This type
Applicati
tables an
scheme u
the RIA b

Figure 11

sed Data De

automated m
nable conditi
ata storage lo
ne of the inno
g the feature
purchase and
nd tables of r
connection.  

mple, project 
mputer using
on used on t
ed lateral mo
adjacent to th

e of web-bas
ion (RIA).  T
d simple col

used for this 
based on a re

1.  Maximum

elivery 

monitoring s
ons.  Once r
ocation, the n
ovative appr
es of a deskto
d install softw
reduced data
In the event
personnel co
g a web brow
this project.  
ovements dur
he sheet pile 

sed software 
The RIA allo
lor indicator 
project inclu
equest from 

m Displacem

system shoul
readings hav
next step is t

roaches used
op software 
ware.  This f
a in real-time
t a Level 1 tr
ould access c
wser. Figure
Displaceme
ring sheet pi
wall in the t

approach is
ows data del
icons or gif

uded the foll
the user, b) 

ments for 24-H

ld deliver res
ve been colle
to deliver th

d for this proj
application i

feature allow
e from any c
rigger notific
current resul
 12 shows a 

ent profiles a
ile installatio
test excavati

s commonly 
livery to mov
f images of p
lowing steps
the user can

Hour Period

sults in real-
ected at a pro
he results in s
oject was a d
in a standard

wed authorize
computer wi
cation occur
lts, including
screen shot 

and time-hist
on and remo
ion area. 

referred to a
ve well beyo
plots created
s: a) a body o
n select vario

d, Inclinomet

-time to any 
oject site and
some meanin
ata delivery 
d web brows
ed project pe
ith a web bro
red at night o
g data-reduc
of the web-b

tory plots ill
oval.  Inclino

as a Rich Int
ond static de

d on the serve
of raw data i
ous options r

 
ter I-4 

location wit
d transmitted
ngful way to
system 

ser without t
ersonnel to v
owser and an
on a weeken
ced plots, fro
based 
lustrate how 
ometer IPI-2 

ternet 
elivery of dat
er side.  The
is delivered 
regarding ho

thout 
d to a 
o the 

the 
view 
n 

nd, 
om a 

IPI-
was 

ta 
e 
to 

ow 



the raw d
response 
and the R
“data clip
or report 
thousand
additiona
the optio
history p
 

  
Figure 

 
 

 
Continuin
density o
monitorin
elements

data should b
to user requ

RIA recalcul
pboard” area
documentat

ds of reading
al navigation
n to select v
lots.   

12. Web-Ba

ng advances
of sensor dep
ng provides 
 were involv

be reduced, c
uests, d) the u
ates and re-p

a within the R
tion.  The ap

gs into a simp
n tabs contain
various analy

ased Rich In

s in technolo
ployment, wi
a reliable w

ved in the au

c) the RIA p
user can cha
plots the resu
RIA and pas

pplication run
ple tab navig
ning detailed

ysis methods

nternet Appli
Installati

CON

ogy provide a
ireless data t
ay to simplif

utomated mo

erforms calc
ange various
ults, and e) t
ste directly in
ns within a w
gation system
d plots or da
, plot charac

ication (RIA
ion and Rem

NCLUSION

an ever-incre
transfer, and
fy data colle

onitoring sys

culations loc
 aspects abo
the user can 
nto a spread
web browser
m.  Each tab 
ata tables of r
cteristics, tim

A) Displaying
moval 

NS 

easing level
d graphical d
ection and pr
stem used at 

cally and cre
out how the d

copy reduce
dsheet for fur
r and organiz
 panel typica
reduced data

me windows

g Results Du

of measurem
data presenta
resentation.  
Perris Dam:

eates plots in
data is plotte
ed data from
rther evaluat
zes the resul
ally has seve
a.  The user 
, and time-

uring Sheet P

ment ability,
ation.  Web-b

Several key
: 1) a signifi

n 
ed 

m a 
tion 
lts of 
eral 
has 

Pile 

, 
based 
y 
cant 



number of measurement points captured the physical behavior being monitored and provided an 
enhanced measurement criteria for identification of potential shear plane development based on 
closely spaced inclinometer sensors, 2) frequent sampling adequately characterized the 
performance of the dam during construction and provided continuous observation to increase 
safety, 3) real-time evaluation of instrumentation measurements provided a robust automatic 
notification system, and 4) browser based software with interactive charting and analysis tools 
moved real-time data delivery beyond static data tables and plots delivered as gif images in 
standard HTML pages, and 5) significant cost savings associated with automation of data 
collection, data reduction, plotting, and evaluation of data to determine if immediate corrective 
action is needed. 
  
In this project there was no automated alarm triggers and thus no automated notifications or 
response. The continuous monitoring program was considered a success, however, in that even 
developing the multi-tiered response strategy contributed to a more thorough communication of 
risks and concerns to all stakeholders. 
 
The test construction phase concluded in March 2010. The data collected during the construction 
activities is being analyzed by the design teams in evaluating the proposed techniques toward 
determining the final remediation strategies to be used at Perris Dam. 
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