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Abstract

Earth dams are subject to external loading that induce deformation in the structure
and its foundation. The sdf weight of the dam together with the reservoir water
pressure induce stresses in the structure and with time creates horizontal and vertical
displacement in the structure.

In this study, analysis of the measurement data obtained by differential GPS at the
Ikpoba River Dam was carried out. The measurement system consisted of 19 control
and reference stations. DGPS data were collected during two measurement campaigns
carried out in 2008 and 2009 respectively using five dual frequency receivers. The
computation and adjustment of each epoch measurement was carried out separately in
the first instance. Thereafter simultaneous adjustment using the two measurement
epoch data was carried out.Points displacements were then determined and 95%
confidence ellipse used to carry out an analysis of the movement vector.

Analysis of the result indicated that nine of the points have moved in horizontal
position while no horizontal movements have taken placein 10 locations. On the other
hand, vertical shift has occurred in seven locations whereas no vertical movement has
taken placein 13 locations both outside and along the Dam crest.

1.0 Introduction

Dams provide tremendous benefits including watempbufor drinking, irrigation, domestic and induatruse, flood
control and hydroelectric power.

However, dams also represent one of the greatdst 1 public safety hence the integrity of a daosinibe maintained
to ensure its long term serviceability [1].

Earth fill dams are subject to external loads tihduce deformation. The deformation starts ocagrriluring the
construction of the Dam. After construction, caolesable movements of the crest and the body ofltte can develop
during the first filling of the reservoir. Duringperation of the dam, the rate of deformation dese with time. Intensity,
rate and direction of movement in a specific poihthe body of the dam or its crest may vary dutimg various phases of
operation of the dam structure.

Thus, for a dam in operation, the magnitude of med damages may range from relatively minor deftion which
may lead to remedial works, to complete catastrdpihere resulting in large property damages osloglives. Monitoring
over the life of a dam structure using observatiod instruments had come to be recognized as adixy way to ensure
the long term safety of the dam structure [2, 3].

On completion of the construction of dam structiins advisable to establish monuments on the wéshe dam in
order to measure the post construction settlemahttee upstream and downstream movement of the[dles

For carrying out the necessary measurement, GMauaigation Satellite System (GNSS) offers greatueacy and less
labour intensive than other techniques used ircstral deformation monitoring [5, 6]. The methadsuitable for detecting
slowly occurring or “Silent” Earth quake [7] moniteg the displacement of engineering structured agctall buildings [8,
9]. Monitoring Deformation in Dams [10, 11] andfléetion in bridges [12, 13].
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1.0 General Description Of The Ikpoba Earthen Dam

The Ikpoba River Dam is located at the end of O&mad in Benin City, the capital of Edo State dafétia. The Dam

water supply scheme was designed to supply 16@00ditres of water per day at optimum capacityhisTaccounts for

80% of the water requirement for Benin City, theital of Edo State.

The Dam consists of a free over flow uncontrollpilway flanked on both sides by earth embankmériie dam crest is at
a height of 38m and that of the spillway is 35m.

The earthen embankment consist of compacted claity — sandy soils. The upstream slope toctiest and downstream
slope up to elevation 35.3m are protected by nppkced on sand and gravelly bed. The Dams embamkis of length

680m.

2.0 Field Data Collection

The data collection procedures required the udéiva Dual frequency GPS receivers with one recesegving as control
and the others as rovers to acquire data in diffexle mode. The reference and the control statioese occupied
simultaneously with the Dual Frequency Leica 5006G€ceivers. A minimum of six satellites were kexgt in each of the
observing sessions which lasted for 1 hour in etation.

The GDOP values during observation session weeetlem 5 and minimum elevation angle of satelliss W5°. The data
collection campaign took place in February 2008 lsliadch 2009.

3.0 Data Processing And Adjustment Of Observation

The GPS data were processed using LEICA Officewso#. The Unknown ambiguity was fixed using Fasbiguity
resolution approach (FARA) statistics. The finaké line solution were derived and coordinateshefdontrol and rover
positions computed together with the variance-damae —matrices and the accuracy estimates fawihepoch.

4.0 Computation Of Deformation From A Deformation Model

In the course of adjustment of observation for deftion monitoring from epoch to epoch, there maypoints whose
position changes from epoch to epoch and thoseaéehadin stable for all observation epochs. Torda@tee whether a point
has moved or not, it is necessary to determindférénce in coordinates between epoch occur asaltrof movement or
due to error in observation results in one or leptbchs.

Thus error analysis have to be carried out to deter whether significant movements of the monitgrippints have
occurred between the monitoring campaign or nonal@ical modeling may be used to analyze spatiatizontal and
vertical) displacements of the monitoring point®oint displacementd; are calculated by differencing the adjusted
coordinates of this poirt for the most recent survey campaigm 1), from the coordinates obtained at reference {ikhdy
using equation. [4, 6].
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where: XJ 1YJ ,ZJ - the adjusted coordinates at time;t XJ ,YJ ,ZJ - the adjusted coordinates at time t

K=1,2,...,m (m — number of epochs of observatiods};,2,...,n (n — number of monitoring points.

Each movement vector has magnitude and directipnesged as point displacement coordinate diffeserntieese vectors
describe the displacement field over a given timterival. Displacements that exceed the amount ofement expected
under normal operating conditions will indicate gibe abnormal behavior. Comparison of the mageitofithe calculated
displacement and its associated survey accuradgaites whether the reported movement is more liteelye due to survey
error and this can be determined as follows [14].

| D;| < (E) (2)

Where D - the magnitude of the displacement for pdintvhich can be calculated as following : [1, 15].
D= (X5 = X2 (=Yt (zst -2z ©
D,|=(8X,)? +(BY,)* +(8Z ,)? @
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But E; - the maximum dimension of combined 95% confidegitipse for point), is calculated as follows[1] :

— +1)2 2 5)(
K+1 K
» E, =196 J(mAJ )"+ (my)) )
Where "1'A; is the standard error in position for the mosergcsurvey; mAJ is the standard error in position for the

(initial) or reference survey.

Thus if | D;| < E; - the point has not moved; while, [iD;| > E; - the point has moved.

The resulting coordinates of monitoring points mustconverted into meaningful engineering valuesidigig the suggested
analysis method. In this study, Point displacemémtisorizontal and vertical components were cakadandividually by
differencing the adjusted coordinates between tparks of observations (Table 1). The comparisath@imagnitude of the
calculated displacement and their associated simyeccuracy was carried out for both epoch. Tiselte are presented in
Table 2.

Table 1 gives the magnitude of the calculated doatd differences and the associated displacemeBDifor 2008 and
2009 measurement results. The magnitude of movebstween the epoch and the maximum dimension ofah#ine95%
angular ellipse E were computed for all the pointdhe network and are presented in the Table 2.

Tablel-horizontal and vertical displacement of Ikpda Dam

AUGUST, 2007 Ikpoba Dam Deformation FEBRUARY, 2008 Ikpoba Dam Deformation
STATION | EASTING(m) | NORTHNG(m) | ELEVATION |DISTANCE(m)| STATION | EASTING(m) |NORTHING(m)|ELEVATIONDISTANCE(M DISPLACEMENT(m)
DEFM 1SI | 623128.44 | 6308274.47 | 70.1783 DEFM 1SI| 623128.4451 | 6308274.47| 70.1777
DEFM 2SI | 623221.2516 | 6308251.23 | 61.9667 96.030 | DEFM 2SI| 623221.2515 | 6308251.23| 61.9667 | 96.024 0.005
DEFM 351 |623906.0451| 6308150.29 | 59.9948 DEFM 35I| 623906.0252 | 6308150.27| 59.9738
DEFM 451 |623920.0521| 6308154.84 | 59.4035 14740 | DEFM 4SI| 623920.2678 | 6308154.74| 59.3213 | 14.941 -0.202
DEFM 5S1 | 623989.773 | 6308172.11|  60.047 DEFM 5S1| 623989.7549 | 6308172.1 | 60.0346
DEFM 651 |623312.5994| 6308260.12 | 59.3978 682.868 | DEFM 6SI| 623312.5931 | 6308260.12| 59.3946 | 682.858 0.011
DEFM 751 |623263.8808| 6308273.84 | 64.0012 DEFM 7S1| 623263.877 |6308273.81 63.9708
DEFM 85I | 624021.2574| 6308182.37 | 62.7709 762.881 | DEFM 8SI| 624021.2494 | 6308182.35| 62.7525 | 762.875 0.006
DEFM 9SI | 623962.5038 | 6308189.51 | 59.1518 DEFM 9SI| 623962.494 | 6308189.5 | 59.1375
DEFM10SI | 623325.2375| 6308271.41 | 59.7463 642.508 |DEFMI10SI| 623325.2365 | 6308271.42| 59.7486 | 642501 0.007
DEFM 11SI] 623267.3582 | 6308281.74 |  64.1902 DEFM 11SI| 623267.3506 | 6308281.72| 64.1663
BMB 1 | 623942.992 | 6308185.89 | 58.1805 682.426 BMB 1 | 623942.9894 | 6308185.86| 58.1457 | 682.432 -0.007
RF 1 623328.6813| 6308259.12 | 58.3442 RF1 | 623328.6762 | 6308259.09| 58.3189
RF2 |623401.9359| 6308249.78 | 57.7295 73.850 RF2 | 623401.9337 | 6308249.77| 57.7259 | 73.850 0.000
RF4 |623597.3922| 6308226.6 | 57.8185 RF4 | 623597.4097 | 6308226.59| 57.8034
RF7 |623626.4967 6308220.1 | 57.8527 29.821 RF7 | 623626.4943 | 6308220.09| 57.8414 | 29.802 0.019
RF8 |623701.5221| 6308214 57.6189 RF8 | 623701.5181 | 6308214.11} 57.7324
RF 9 623799.385 | 6308202.53 | 57.7544 98.533 RF9 |623799.3769 | 6308202.47| 57.6973 | 98548 -0.016
RF10 |623897.1886| 6308190.96 | 57.7931 RF10 | 623897.2059 | 6308190.89| 57.729
DEFM 1SI | 623128.44 | 6308274.47 | 70.1783 773371 | DEFM 1SI| 623128.4451 | 6308274.47| 70.1777 | 773.391 -0.020
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Table 2- Horizontal and Vertical Component OF Movenents.

For horizontal components For vertical component
o
horiz
E 5 e
Point AX; | AY, Inxz+av?| = = AV EJ/ - |E
196/m,, + g — | £
mm mm mm Mhe My by mm 196 m,. )
mm 3= T 3%
= c mm = c
DEFM 1Sl 5.10 -1.10 5.22 4.82 Yes 0.60 8.68 No
DEFM 2SI -0.10 0.10 0.14 10.95 No 0.00 8.19 No
DEFM 3SI -19.90 | -19.30 27.72 54.83 No 21.00 53.20 No
DEFM 4SI 215.70 | -102.40 238.77 55.71 Yes 82.20 54.09 Yes
DEFM 5SI -18.10 | -10.90 21.13 60.16 No 12.40 58.58 No
DEFM 6SI -6.30 -2.70 6.85 16.08 Yes 3.20 13.03 No
DEFM 7SI -3.80 -29.80 30.04 13.31 Yes 30.40 10.18 Yes
No Yes
DEFM 8SlI -8.00 -18.20 19.88 62.19 18.40 60.62
No Yes
DEFM 9SI -9.80 -14.30 17.34 58.23 14.30 56.64
No No
DEFM10SI -1.00 1.60 1.89 16.81 -2.30 13.82
DEFM 118l -7.60 -23.10 24.32 13.54 Yes 23.90 10.40 Yes
BMB 1 -2.60 -34.40 34.50 56.96 No 34.80 55.36 No
RF 1 -5.10 -26.00 26.50 17.02 Yes 25.30 14.05 Yes
RF 2 -2.20 -5.00 5.46 21.47 No 3.60 18.87 NO
RF 4 17.50 -10.10 20.21 34.00 No 15.10 32.00 No
RF 7 -2.40 -12.50 12.73 35.93 No 11.30 33.99 Np
No
RF 8 -4.00 | 113.00 113.07 40.86 Yes -113.50 | 39.04
RF 9 -8.10 -56.60 57.18 47.36 No 57.10 45.65 o]
RF 10 17.30 -64.50 66.78 53.90 Yes 64.10 52.27 Yes
DEFM 18I 5.10 -1.10 5.22 4.82 Yes 0.60 8.68 No
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5.0 Analysis Of Results

Table 1 gives the coordinates and displacemeriteofrtonitoring control and reference points in taevork. From the table,
maximum displacement of 202mm occurred between DBFAhd DEFM 4 and minimum displacement of 7mm oeel
between the baseline DEFM Il and BMB1. Analysidoth horizontal and vertical movements in Tableaaled that for
the period of observation between 2008 and 200p¢ifits were observed to have moved in the horitardenponent
whereas 10 monitoring points can be said to bdestlaximum movement of 238.8mm occurred in DEFM @8ereas
minimum movement of 1.9mm occurred in the DEFM 108ithe vertical direction, 7 points were obsertedave moved
whereas no movement occurred in horizontal diract 12 points maximum vertical movement occurreédDEFM 4SI

with a value of 82mm whereas minimum vertical moeatrof 14mm occurred at the point DEFM 9SI

7.0 Conclusion

Based on the presented analysis, the value of mewenf 238.8mm horizontal and 82mm vertical in DEBS1appears
high and the points should be excluded from theofistable control for future deformation monitay.

Further observation need to be carried out to Beebehavior of this and other points where movenappears to be
abnormal and before final conclusion can be dralwuathe behavior of the structure as a rigid body.
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