FIGURE €-2 STABILITY ANALYS!S OF RAPID DRAWDOWN IN WATER LEVEL
(CASE OF UNIMPROVED SOFT LAYERS)
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The soft layers found in the dam foundation are conéidér_ed ‘necessary
to be improved, taking into consideration the fact that ‘;_settle"ment_ after
embankment will continue for about 29 years after completion of the
construction works and there may be a danger of heavy slip fa11ure occurrence
through the aforementmned soft layers. :

6.3.3 Design of Rivérbed Foundation
1) General

The improvement of the soft foundatlon at the riverbed aims at
increasing stablhty through strengthenmg resmtance to shp as well as
decreasing residual settlement through acceleratlon of consohdatmn_
settlement. In this case, the replacement method and sand’ compactlon plle
method are considered, and the soil improvement method shall be determmed
through the comparative study on the above two methods
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For reference, the replacement method is that soft layers shall be
_excavated t0 be eliminated for backfilling with sufficient quality sandy
materials taken from borrow area.

2) Sand Compaction Pile Method

The soft foundation layers around the riverbed can be improved with

sand compaction piles before implementation of the embankment work of the
closure dam,

'FIGURE 6-3 SKETCH OF IMPROVEMENT WORKS BY SAND COMPACTION PILE METHOD
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Sand compactmn piles, in c0n51der1ng underwater construction, shall

be placed with diameters as large as 2000 mm and casing diameter of 1500 mm.

~ The pile mtervals shall be determined by using the following Barron’s
o equatlon (Refer to Appendix 6, 1. 2)

After determmmg the pile intervals, the stability analysis shall be
made with the slip circle slice method as the composite ground.
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. 8Th .
U(Th) = 1-exp (- F (o) ) ‘
n? 3n°-1
Fin) = tn-
n2 _ on 4 n2
n = de/dw

Tn = (Cv/deD t

Where: U(Th);

Th;

de;

dw;-

ey,

Conselidation degree for time factor

Time coefficient for consolidation
degree

Circular conversion of water collecting -
capacity in diameter per pile (cm)

Diameter of sand compactmn pile
(200 em)

Consolidation eoefficient in horizontal
direction (cm®/day)

; Time factor for necessary consclidation

degree (day)

Drilling intervals shall be determined so that the consohdatxon degree
can reach more than 8¢ percent for about one-and-a-half years from starting to
completing of the works. The consohdatmn factor shall take the following
value in considering the fact that the consohdatmn degree (settlement speed)
will slow down when the repIacement ratio exceeds about 20 percent

Cv/Cve = 0.2
Cv = 0.2 X Cvo .
= 0.2 X 8 X 10® em¥min

Where:

= 1.2 X 10® em*min = 1.73 em%day

Cy; Censohdahon coeﬁiclent for
consohdatmn analysm

Cvo Consohdatwn coeﬂ‘iment
obtained from soil tests
" (6%10°ecm¥min)

As a result of the analysis, the relatlonshlp among pile drllhng
intervals, consohdatmn degree and replacement ratio can be shown as follows
and the pile interval shall be taken as 2.4m when consohdatlon degree exceeds

80 percent.

TABLE 6 - 2 PILE INTERVALS AND CONSOLIDAT!ON DEGREE

~ Consolidation Degree

"~ Pile Intervals Replacemerit Ratio
(%) (%) (%)
2.6 667 46.4
2.5 761 50.2
2.4 83.9 54.5
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The stability "ana'ly_sis by slip circle slice method is made with the
design values after soil improvement by sand compaction piles method. The
design values required are shown in Table 6-3,

TABLE 6-3 DESIGN VALUES FOR STABILITY ANALYSIS

: Dénsity Shear Strength
Zone : : e -
o YL (/m®} 51 | ysat (Vm®)eg [ysub (/m®)e C(thm) 4 # (%) us
Earthfill Zone 150 1.80 0.80 0 25
Rockfill Zone . 1.80 2.20 1.20 0 -36
TS - : ' Cu=1.5(P=7.5 thm")eg
Unimproved 1.56 1.56 _ 0.55 Cu=1.540.2(P-7.5U 0
| Ground. - (P>7.5tm? '
Soft - . . |
Layer | Sand Compa- 1.80. 2.00 1.00 S0 30
ction Gound '
.| Composite 1.69 1.80 0.80 0.45 Cu- 17.8
Ground - - :
Intermediate Layer 198 1.98 0.98 6.5 0
Foundation Layer 2.07 2.07 1.07 21.7 0

*1 Wet density

*2 Saturated density

*3 Submerged density

*5 FPrictionangle *6¢ P! Effective load of objective ground
U : Consolidation degree of objective ground

The results of the stability analysis conducted are shown below,

TABLE 6-4 RESULTS OF STABILITY ANALYSIS
(AFTER SOIL IMPROVEMENT BY SAND COMPACTION PILE METHOD)

*4 Cohesion

o - - _ : Caleulation
Case Water Level — T 1
. o _ Safety Factor ! ! Allowable Safety Factors
H T . 1 H
Casel Constant W.L. (HLHW.L.)| 2.074 : H 1.20
| . H 1
Case?2 . # - W.L(LLW.L} 1.978 ' . 1.20
- - . ;
Case3 [DrawdownW.L. = = - 1.120 i ! 1.10
- |HHW.L) - (LLW.L) P

_ As shown in the_'abov.e table, the allowable safety factors can be
satisfied in a number of cases.
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3) Determination of River Bed Improvement Method

Economic comparison between' the -i'é'plélceihent method and sand.
compaction pile method shows the following results:

TABLE 6-5 COMPARISON OF CONSTRUCTGON COST BETWEEN REPLACEMENT METHOD
AND SAND COMPACTION PILE METHOD

Unit  Replacement Method. Sand.Compac_tion Pile Method' _

Work Item Price ———— —
(B). Quantity = Total ~ Quantity *  Total
1. Foundation Excavation = 80 8450 m? 67,600 138.0 m* - 11,040
2. Ewmbankment o R - L
2.1 Riprap 820 1004 m .. 82,328 100.4 m?® 82,328
2.2 Embank. with oo 120 1132, 1 m 135,852 6671 m° 80,052
Borrow Materials 700 266 0 m 186,200 66.0 m* - . 46 200 :
2.3 Embankment with ' : - .
Rock Materials T S ' . _ 3
3. Sand Compaction Pile 250 - - 1010 m* 26,250
Works - 2,000 - - 2926 m®. 614,460
3.1 Sand Mat ' : : : ' L

8.2 Sand Compaction
- Pile (underwater constructlon)

' Construction Cost
unit price per meter "\
indirection along

4719800 850,330
the dam axis o ' .

As shown in the above table, the i'epla.ce:men.f method is more
economical in terms of unit cost per meter in d1rect10n along the dam ax1s than
the sand compaction pile method by about B387,000.

Comparatlve study of the two methods 111ustrates that the
replacement method is easier in construction work, shorter in constructmn
period, lower in cost, ete. than the sand compaction pile method. - Under these
conditions, the riverbed. 1mprovemen‘s shall be executed by the replacement
method.
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 6.3.4 Design of Abutment Foundation
1) Outline

'As‘mentio'nfa_d in paragraph 6.1 on topography and geology, the soft

layers distribute from the right abutment to riverbed foundation at about BL
()12 m at the lowest and in the left abutment foundaton at EL (-8.0 to EL
(-)10.0 m at the Ioﬁ(est._ 'In'_i:he case where the clb_éure dam is constructed over
such a soft foundation, stability of the dam body cannot be ensured as described
in 6. 3. 2 on the study of the soft Iayers of the dam foundation, and improvement
is;ej_‘séénﬁiél.- For thé 'soft:__layer's' of the dam foundation, the soft layers are to be

~ ‘totally eliminated for the river bed, but the total replacement is difficult for the
~ abutment of ‘the both banks. Since the closure dam is to be construction on
those soft layers, the sand compaction pile method shall be adopted to improve

the unfavorable soft founda‘t'i_on° (Refer to Appendix 6. 1. 3)

2) 5 Det_ermi.nation' of _thé _Itnp_rOVemént Ektent for Soft Foundation

' For determining the extent of the improvement for soft foundation,
stability analysis is made in conditions of the dam foundation by EL 0 m, EL
(-)4.0 m and EL (-)8.0 m at the right abutment, and EL (1.0 m, EL (-)4.0 m and
EL(-)7.0mat the left abutmeﬁt, respectively, as shown in Figure 6 - 4,

- . FIGURE 6-4 PROFIEL OF ABUTMENT FOUNDATION AT THE CLOSURE DAM
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(LEFT ABUTMENT)
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The design vales of the soft layers found in the both abutment areas
are shown in the following table. SR - _

TABLEG&-6 DESIGN .VA_LU ES OF THE STABILITY ANALYSIS FOR THE AB'UTM_ENT

FOUNDATION =
Pesition ~ Density -~ ¢l  ShearStrength
osition : . : ,
YL (/m®) sp[ysat (meglysub ((/m)e|  C(tFm?) o4 ¢(°) -
' . — 8, *6 .
Soft | Right Abutment 1.55 155 | - 055 [uTlAE=TEEmD B
L : : e 0= 1.5+ 0.2(P 75U
WV Left Abutment | 152 1.52 052 | @srsumdy | g

*5 Frictionangle *6 P:Effective load of obj'e'ctive_gr_ound Sl
U : Consolidation degree of objective ground -

*1 Wetdensity *2 Saturated density .- *3 Submérged:déi}sity T4 Céhééibﬁ- -

For further references, the design._vah_rxés; _f_br' the 1ntermed1atelayers
and the foundation layers for the dam embankment foundation shall be the
same as shown in Table 6 - 3. The results of the stability analysis are shown in
table 6-7. B R
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TABLE 6-7 RESULT OF STABILITY ANALYSIS FOR UNIMPROVED LAYERS

'<RIGHT ABUTMENT >

Stability Analysis by Slip Circle Method Consolidation
b f‘? ; ] (Settlement)
Tollle lor T T
Analvsis . . Safety Eban bl Total (Time Required
Xy ) Cas_e _ W.aterLevel (3 Factor i 5 Safet?;\ii?acfgr Cons(oc]titgl)ation to Reach U80
L s H {vear)
Case 1| Constant W.L. (HLHLW.L) 1,498 :>: 1.20
_ Case 2 L W.L(LLWL) | 117 :<: 1.20
I : . 50.9 28.8
s . Drawdown W.L, 0896 !<! 110
Cose 3| . (HHWL-LLWL) o
| Case 1| Constant W, L.(HL.H WLy | 1410 3>1 120
" Case 2 s WLLLWL) | 1024 (<} 120
- : bt 89.9 1151
o - Drawdown W.L. 0872 1< - 110
Case 3 (HHWL. > LLWL) . -
Case 1| Constant W.L.(HHW.L) | 1901 {>! 120
Case 2 7 W.L.(LLW.L) 1460 {>) - 120
111 —: L - 94.8 2589
‘Drawdown W.L. 1.314 1> 1.10
Case 3 (H.HW.L.-LLW.L) ' Loy
N . L. L

*1 Profile for analysis

- Praofile for analysis

Profile for analysis
*2HHWL.210m

<LEFT ABUTMENT>

I; . Foundation excevation elevation EL{-)8.0 m

II: Foundation excavation elevation EL(:)4.0 m

I1i: Foundation excavation elevation EL (-}0.0 m
LLWLGLTOm
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- i, Y Consolidation
" Stability Analysis by Slip C.x:rf:].e Method (Settlement)
Profile for . . g - - - -
. fi Total [Time Required!
Ana]ysts Case Water Level gzci?; ! 1 S:fllt(;rw;‘l:::or Consolidation| to Reach U0
- . N cm) (year)
Case 1| Constant W.L. (FLELW.L) 1618 1>| 120
. Case 2 "¢ W.L{LLWL) 1228 1> 120 30.7 16.2
S ¢ Drawdown W.L. .. 0.953 <! 1.10
Case 3 (HHWL - LLWL) bl
Case 1| Constant W,L. (HH.W.L) 1626 1>! 120
g |Case o WLLLWL) | 1 i<l 120 44.1 64.7
. Drawdown W. L. 0931 <! 110
Case 3 (HHAWL. - LLWL) b
Case 1| . Constant W, L.(H.H.W.L) 2074 >0 120
qp | Case 2 o W.LLLWL)Y | 1601 {(>) 120 445 145.6
I
_ ' Drawdown W.L. - 1416 |>| 1.10
-] Case 3 (HHWL - LLWL) . P
*1 Proﬁlefora'nalys'i's 1: ‘Foundation excavstion elevation EL (-37.0 m
Profile for analysis II; Foundation excavation elevation EL (4.0 m
Profile for analysis 11%: Foondation excavation elevation EL(-31.0m




As clearly learned from Table 6 - 7, when the elevation dam foundation
is higher than EL (-)2.0 m : or when the dam height is lower than 5.9 m, the
dam embankment stability can be ensured even in condltlons where the soft
foundation will not be 1mproved or will remain mtact ' '

Under such conditions, the extent of' 1mprovemen’s of the soft
foundatlon in profile of the closure dam is determmed as the deeper part by EL
(-)2.0 m of the foundation, while the one in cross section is determined to an
extent 40 m in each direction, both up-and-downstream sules, from the center of
dam, in taking into account the passing line of the reasonable shp circle slice
below the necessary safety factor as shownin F1gure 6 - 5.

FIGURE 6-5 RESULT OF STABILITY ANALYS!S IN U_:MiMP_R_OVED FOUNDATION
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<LEFT ABUTMENT>
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3)  Design of Sand Compaction Piles

_ The sand compaction piles proposed shall be 400 mm by casing
diameter and 700 mm by sand formed pile diameter. The studies of pile
intervals are made as to the each analyzed section IT in Figure 6 - 4, where the
elevation of the b0th abutments foundation are at EL (-)4.0 m.

7 First of all, pile dnllmg intervals shall be roughly defermined so that
the consolidation degree can reach more than 80 percent for about one year
from starting to completing of the works.

“In this coﬁnection, the cdrisolidation speed will not slow down when
the replacement ratio is less than 15 percent, on the other hand, its will slow
~down the value of about 80 percent :When_ the replacement ratio is about 20
percent. Because of this, the consolidation coefficient is taken as Cv = 4.8 X

108 em?/min (=6.0 X 10° em*min X 0.8) in the right abutment foundation
and 6.0 X 10 cm2/min in the left abutment foundation, respectively,

¥ Cy = 6.0 X 10%cm®*/min; the value is obtained from the results of soil mechanical test,
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As a results of the analysis, the relationship among pile drilling
intervals, consolidation degree and replacement ratio are shown in Table 6.8,
and the pile intervals should be 1.5 m or less at the right abutment foundatmn
and 1.6 m or less at the left abutment foundation, respectively, in whlch case
consolidation degree will exceed 80 percent

TABLE 6-8 PILE INTERVALS AND CONSOL!DATION DEGREE FOR THE ABUTMENT.

FOUNDATION _ _
Pile Interval Consohdatmn Replacement

“Am) Degree (%) Ratio (%)
- 1.7 70.5 : 13.3
e b ' . 1.8 78.2 - 15.0

Right Abutment Found. . 15 881 : 171 .
14 92.8 -19.6
B 1.8 711 11.8

Left Abutment Found. : 17 78.2 13.3 .
: 1.6 85.1 15.0

The ground after 1mplementat10n of the sand compactlon plle works,
shall be treated as composite ground, and the results of the stabxhty analysis
made by the slip circle slice method are shown as follows in taking the
replacement ratio by 15.0 percent, 17.1 percent and 19.6 percent, respectively.

‘Replacement . Right Abutment Left Abutment

Ratio "Found = Found
0% Fs= 0872 - Fs= 0931

15.0%  Fs'=1.061 [Fs=1.103]

17.1% Fs = 1.083 -

19.6% =1.104 -

As shown in the above table, the allowable safety _'factors cah'_be
satisfied on the condition that the replacement ratio are ;adoptéd’_by' 19.6
percent (pile interval 1.4 m in square position) at the right abutment
foundation and 15.0 percent (pile interval 1.6 m) at the left abutment
foundation, respectively. -
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On the basis of the above results, the speciﬁcations of the sand
compaction piles are determined as follows,

<RIGHT ABUTMENT FOUNDATION >

Conditions for execution of
the Piling works :

~ Pile diameter :
Pileintervals:
Replacement ratio:

Extent for implementation:

Land implementatibn (ground elevation by
EL 1.50 m)

Sand pile diameter by 700 mm (casing |
diameter by 400 mm)

1.4 m in square position
19.6 percent

Up to 40 m each for up-and-downsteam from
dam axis (total length 80 m)

Elevation of the excavation line:
EL. (J2.0to ()12.0m

Depth of construction: UptoBL.()120m

<LEFT ABUTMENT FOUNDATION >

Conditions for execution of
the Piling works:

Pile diameter:

Pile intervals :

" Repldcement ratio :

-' Extent for implementation:

Land implenientation (ground elevation by
EL1.50m)

Sand pile diameter by 700 mm (casing
diameter by 400 mm)

1.6 m in square position
15.0 percent

Up to 40 m each for up-and-downsteam from
dam axis (total length 80 m)

| Elevation of the excavation line:
EL.(-)2.0t0(-)10.0m

Depth of construction: Up to EL.(-)l0.0 m
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6.4 Design of Dam Embankment
1) Outline

_ The construction of the cloéure dam, whibh will be constructed as work
on the water, desirably requlred sandy embankment matex 1als 1nclud1ng low
content of fine particle materials. Thatis because:

- Saﬁdy embankment._matefials facilitate the necessary bearing
capacity in a short time after_embankment works are finished.

- Sandy materials can be consolidated within a short time with _-Iittle
settlement

- Sandy materials brmg a low level of river water pollut.lon durmg
construction works.-

As the embankment materials for proposed closure dam, the borrow
materials are available at the site around Ban Lum Maha Chai, about 35 km
northeast of the construction site, and are deemed to have sufficiently qualified
soil features. h

On the other hand, clayey materials will become available through
excavating a great deal of materials from the diversion canal site. Excavation
of the diversion canal shall begin from the portion between the diversion and
road bridge in dry excavation, and the rest shall be dredged by dredger boat.
The total amount of dry excavation will be about 1.06 million cubic meters,
approximately 230 thousand cubic meters of which are to he excavated from the
layers deeper than EL (-) 8.0 m which can be approprlated as embankment_
materials to the closure dam. Even if, however, the total amount of the dry
excavation materials can be used for embankment, the lots for O and M
buildings and embankment fo'r_roa'd's and closure dam body cannot be -fi_lléd
with these materials, which will inevitable use the borrow materials as
embankment. In this case, the élayey' materials to be excavated at the
diversion canal site shall be used for embankment of the building lots and
roads, while the sandy borrow materials for engagement of the closure dam
body.
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| This paragraph dlscusses su1tab111ty of the sandy borrow materials
and the clayey excavated materials for the embankment of the closure dam.
'(RefertoAppendlx 6.2.1and6.2.2)

2) - Study on Sandy Borrow Materials

. The specific gravity of the borrow materials isin the range from 2.62 to
2.7 0, in consisting of sand from 58 10 90 bercent, silt from 6 to 33 percent, and
'clay 6iol1 percent The materials can be classified as sandy materials in SM
by the Unified Soil Clasmficatlon System. The materials can be used as

embankment matenals in applymg the embankment section as shown in
Figure 6 - 1. '

| The settlement of the embankment with the proposed borrow
materlals can be estimated at 48 cm- in total by the method that the dam
embankment shall be d1v1ded into 8 layers for estimating the consolidation
settlement of each layer to obtain the total ‘Since sandy materials, however, is
"comparatIVely large in consohdatlon coeffiment more than half of settlement
~ action will be over during the embankment construction, and it is judged that
the residual settlernent will not give any adverse effects to the embankment

_ Study of stablhty anaIySIS to the shp failure of the embarnkment, shall
be carried out by skip circle slice method. The design values of the embankment
and foundation are shown in Table 6 - 8, and the stability analysis results are
shown in the following table.

TABLE 6-9 RESULTS OF STABILETY ANALYSIS FOR EMBANKMENTS
' WITH BORROW MATERIALS

B g | | 1 Allowable Safet,
Case Water Level Safety Factor | ' owable salety
. : ! ] Faetors

. . 1 {

Casel Cunstant W. L (H H. W L ) 2.074 P> 1.20

Case2 | + (LLWL) | 2076 P> 1.20

Case3 |Drawdown W.L. 1.120 D> 1.10
(HH.W.L. - LLW.L) : |
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As clarified in the above table, the safety factors are more than the
allowable safety factor in every case. And the proposed dam body is safe from
slip f‘nlure '

3) Study on Excavated Clayey Materials

The clayey materials to be excavated to a depth of 8.0 m at the canal

site are judged unsuitable as embankment materials i in considering that thnse
materials will decrease remarkably in strength in heavy dlsturbance by
excavation because of their char acteristic features with Wf = 50 - 100 percent
in natural water contents, IC < 0 in consistency lndex IL > 3.0 in hquzdlty
index, ete. On the other hand, there is a possibility that the material, found
below 8.0 m can be used as embankment materials for the dam in view of their
highly stable materials because of having features.in Wf = 80 percent, IC =
0.5-1.5,IL < 1.0, etc. The eXCav'ated'materials, however, will settle heavily
during and after construction works to give adverse effects to the dam body,
owing to clayey ones and usmg in submerged works ' '

In the case of using excavated'mat'erials from the diversion canal as an
embankment for the closure dam, since the soft layers at the fouridatlon'are
clayey similar to the embankment matenals in cohesion with almost the same
strength as the embankment materials, a thick surface softened mud layer
about one meter shall be eliminated by excavation, while the soft layers found
at EL (-)8.0 to (-)12'm shall remain intact. And the total settlement shall be -
calculated to obtain a total settlement of about 160 em, which comprises about
110 em in the embankment portion and about 50 em in the soft layers of the
dam foundation.

The time required for this consolidation is shown as follows,

TABLE 6-10 TIME FOR consbquTsou L

Single Drainage Co’nglition D Consohdatlon Degree 100 % - 351 year '
(In case where sa_nd mat is not e 80 % 199 year

provided on the soft layer)

Double Drainage Condition
(In case where a 2.0 m thick sand mat is
provided on the soft layer) K 80% - 29 year

Consolidation Degree 100 %- 51 yeaf -
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As a result of the above study when the materials excavated at the
diversion canal site are used as embankment material for the closure dam, it
will take as long as 29 years to complete the settlement of more than 160 cm in
total and for consolidation degree to reach 80 percent with double drainage
system provided. It is, consequently, considered unsuitable for the excavated

materials af the diversion canal site to be used for embankment of the closure
dam. ' ' |

For further references, the stability analysis for slip failure reveals
~ that the embankment slopés for both the up-and-downstream sides will have to
be ‘as gentle as 1 : 10 in stability when the excavated materials are used for dam
body embankment. '

4) Determination of Embankment Materials for Dam Body

Aslearned from the above studies-and analyses, it will become evident
that the'sandy borrow materials will be superior in consolidation factors to the
sﬂty and clayey excavated materials for the embankment of the closure dam.
In the Project, since the amount of materials to be excavated at the diversion
canal site cannot completeiy cover the whole requirements of the projects, use
of the b_orrdw materials cannot be avoided in meeting the requirements, and for
the dam embankment which requires higher embankment to play a vitally
important role in the Project, the borrow materials must be adopted.

However, it should be considered that the excavated materials from
the diversion canal are to be used for the embankment of the closure dam, if the
properties of the excavated materials accomplish the requirements due to
construction period, site situation, construction cost, ete.
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CHAPTER 7. DESIGN OF ROAD AND ROAD BRIDGE

7.1 Road
7.1.1 RouteAlignmeht

In the Basic Design Report, the proposed road will be in alignment
with the starting point at the existing road on the left bank so as to cross over
the Bang Pakong river through the proposed closure dam embankment after
maki_ng a detour of the residential area of ‘Chuknua village. The road shall
cross the diversion canal at a'pla'c:e downstream of the diversion dam, where the
road bridge shall be constructed about 200 m downstream from the diversion
dam so as to reduce the influence from released water through the dam gates.

The alignrhent-'of thé propoééd road shall take the route which will
link with the existing road on the right bank via the proposed road bridge. -

_ The disfa_n‘ce between the startiné'point and IPj is as short as 178.0 m, |
and the crossing angle is 62°13°16", Consequently, the radius for the necessary
curve will be 200 m, : R

5

And the design speed for the portion of about 300 m from Sta. 0 to Sta.
+ 800 shall be 60 km/hr, while that for the other portions will be 80 km/hr.

There is no need to widen the road width at the road curve because the
proposed road radius is more than 200 m, and no transition portion for speed
1educt1on shall be prov1ded

7.1.2 Profile Alignment

The road design criteria of the Highway Department, Thailand,
stipulates that the profile slope of the class 4 road with design speed 80 - 80
km/hr is 4 percent at the maximum in flat or very gentle topography. In.other -
respects, since there is no dramage provxded in this road the mlnnnum profile
slope of the road should be flat. '
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- The design road elevation at the respective point is show as:

)

At the starting point by Sta. 0, the elevation shall be EL.2.26 m,

level with the elevation of the existing road.

For the portion of the closure dam (Sta. 0 + 920 - Sta. 1 + 200),
the road elevation shall be EL.4 .20 m, level with the dam crest

- elevation,

In the area for the O/M bmldmgs (Sta. 2 + 160 - Sta. 2 + 440), the

road elevation shall be EL,3.90 m, level with the crest elevation of
the dlversmn canal embankment,

For the road bridge (Sta. 2 + 620 - Sta. 2 + 880), the road

elevation shail be EL.5.20 m, level with the surface elevation of

‘the road bridge, and

For other portions, the road elevation shall be EL.2.50 m in addlng
0.1 m to the maxxmum water level of Max W.L240m,

_ The maximum vertical slope shall be 2.250 percent, and at its
trans1t10nal point, the vertical curve shall be determined at more than 1,400 m
in radius for design speed 60 km/hr and more than 8,000 m in radius for design
speed 80 km/hr so as to mitigate the shock given by the movement of vehicles
and secure visual distance. The designed vertical curve radius is in the range
from 8,560 m to 33,300 m.

7.1.3 Cross-sectional Alignment

As a result of consultatlve diseussions with RID, the road width has
been demded as follows

©

@
&)
@

“The or dmary part of the road shall have a width of 9.0 m with two

lanes

The crest of the closure dam shall be of 12.0 m including two lanes

_together with shoulder protection.

In the area for the O/M buildings, the road shall have 28.0 m

1ncludmg 6 lanes and pedestrian walks, and

In the brldge portion the road shall be 12,0 m in width including
two lanes and pedest_rzan walks. -
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According to the eriteria of the Highwa'y Department, the cross-
sectional slope shall be 8.5 percent.

‘On the other hand, for the curve with 200 m radius shall have a one-
sided slope of 8.0 percent, while that with 500 m radius by 6.0 percent slope in
‘proportion to the design speed, respectively. Average illumination intensity by
15 €x, and O & M rate by 0.65,

The embankment slop'e'shall be 1:2.0 based on the same criteria.

7.1.4 Pavement Works

In the dally traffic condltlons of 100 to 250 vehlcles of larger size and
the design C.B.R. by 3 percent, the de31gn pavement will be composed of 5 em of
surface layer, 20 c¢m of upper course, 35 cm of basic course to make a total
pavement to 60 cm in thlckness (Refer to Appendlx 7 1, 4)

FIGURE 7-1 TYPICAL 'CROSS SECTION OF ROAD

h
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ROAD_BED o

{(COMPACTED sQIL LAB C. B R 5/ MIN )
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7.1.5 Lighting Facilities for Road

The road lighting facilities are designed in such conditions as;
standard brightness by 0.5 cd/m? average illumination density by 15 ¢x and
conservation rate by 0.65.

The lighting for the general parts of the road with width of 9.0 m shall
be made with equipment of 10 m elevated high voltage sodium lamps of
NH150F (light flux: 13,000 €m , life time; 12,000 hr power supply; 175 watt.)
provided at 35 m intervals on one side of the road.

The lighting' for the 28 m-wide road in the area of the O/M buildings
shall be made with 10 m-elevated high-voltage sodium lamps of NH150F
provided at intervals of 30 m on the both sides of the road. (Refer to Appendix 7.
1.5)

7.1.6 Road Crossing Structure

Pipe culverts for water conveyance shall be adopted for road crossing
the existing canals and in the area of the O/M build_ihgs. The size of the pipe
culverts shall be determined through consideration of the cross-sections of the
existing canals. The pipe culverts at Sta. 0 + 10 and Sta. 2 + 3685, shall be of
concrete-made double pipes with 1,000 mm dia. according to the criteria of the
‘Highway Department, and other créssing structures shall be concrete-made
single pipes with diameters in the range of 600 to 1,000 mm.
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7.2 Road Bridge

7.2.1 Basic Desigh Conditions
1) Road ¢lass : Class 4 by design criteria of the Highway
' Department in Thalland '
2) Design speed : 80 knv/hr '
3) Design traffic : 300 to 1000 véhi'cle's/day -
4) Bridge class : Class 1(TL-20)
5) Bridge length : 226.8b meters
6) Bridge construction : Forvehicle 2 1anes' X40m =80m
' For shoulder X 05m =10m
For Side-walk 2 X150m=30m
‘Totalwidth ~  12.0m
7) Route alignment : straight | |
8) Inclined angle : 90 degrees
9) Pavement : Asphalt pavement with 6. 0 em thickness for
‘vehicles lanes.

10) Cross slope : 3.5 % for vehicles lane
11) Longitudinal slope : Level
12) Special load ~: Lighting facilities =

13) River planning

River name : Bang Pakong river
Location of bridge : Sta.1 + 317.3
Design flood discharge - : Q = 1600 m%¥/s
Maximum water level’ Max. W.L.2.40m

Design crest dike elevation: EL.3.90m
Design river bed elevation : EL.(-)9.15m
: 1=1/4,000

: as Figure 7-2

Design river bed slope
Design cross section
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7.2.2 AlignmentPlan
1) Cross Alignment

The cross alignment of the road bridge will be the same as that of the
road as shown in Figure 7-3. '

FIGURE 7-3 TYPICAL CROSS SECTION OF ROAD BRIDGE

" 13.00 i _
950 1.50_, ' 940 1.60...9.50, _
50 400 _ 0.5 ’i '
f’:;_ '/gl TR : } r L’Jﬁ RAILING
A ‘. . ar L .. ‘.} 5%, T ) ) 0% o
o @k - L L Y _

PC. BOX GIRDER

@@D[OIDI%QMQLQQQJ

ASPHALT_PAVEMENT (1=6om)|

2) Longitudinal Alignment

The longitudinal alignment of the proposed road bridge will be level.
The road bridge surface elevation will be EL.5.20 meters allowing for the fact
that the beam seat elevation should be kept at more than EL.3.90 meters,
which is the dike elevation.

Bridge surface elevation = Design dike elevaticn 4+ Beam height
' + Pavement thickness
= EL.390m + 1.00m +0.22m
= FL.5.12m * EL.5.20m

7.2.3 Bridge Length
The bridge length will be determined by taking into account the fact

that the river cross section must have the ability to cope with the flow of design
flood discharge of Q = 1,600m%s at the maximum water level (Max. W, L, 2.40 -
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m) in makmg the abutments front surface (EL. 0.85 m) contact the berm
shoulder, The following equatlon should be applied to obtain the bridge length.,

Bridge length = River width + 2 X Beam seat width
225m + 2 X 0.80m
= 226.60m *+ 226.85m

li

7.2.4 Type of Superstructure and Span

The type of 'supérstructure and span length should be determined
taking into consideration economy, ease of construction and of O and M works,
along with a comprehensive and comparative study of the following seven (7)
types and their respective span lengths,

Superstructure

Span Name of Case

P.C. | [ Bspans A1
I-Section Girder : '

' : — 9 spans A-2
P.C. ' [~ 7spans B-1
Hollow Bex Girder 8 spans "B-2

- ~—  9spans B-3
. ' ' 5 spans C-1

Steel . [ ofP
Simple Composite Girder .

P —  6spans C-2

The most suitable type of superstructure and the related span length is
determmed to be Case B-2 (Hollow Box P.C. bridge : 27.5 m X 8 span) in view of
the results of a comparative study on economy, merits and demerits of
construction and O and M works as shown in Table 7-1.
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7.2.5 Infrastructure

1) Abutment.

The abutments shall be designed with common inverted T—shape type
because of having a height of 6.3 m on the pile foundatlon

2) Piers
There are two types of piers as (D pile bent type and @ inverted T-
shape ellipse type, and the proposed piers shall be of @ inverted T-shape ellipse

type as the result of the comparative study of economy and hydraullcal
advantages and table 7-2 shows the results,

7.2.6 Design of Superstructure

1) DeSign Conditions

a) Type : Post-tension simﬁle hollow type

b) Liveload . TL2D
¢) Shoek coefficient : . L-Load = 10/(25 + L)
| -  T-Load i=20/(50 + L)
d) Bridge length -1 226.85m
e) Girderlength : 28.30_ m
f) Spanlength . 27.50 m. :
g) Width . 9.0m (vehicle)+ L5 m X 2 (side - walk) +
0.5m X 2 (shoulder) =13.0m
h) Angles : 90°
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TABLE 7-2 COMPARIS(-)N OF INFRASTRUCTURE BY TYPES

(@ Pile Bent Type

@ Inverted T-Shape Type

159

| L=13.00m

Figure
il PC P 4800 1L 25.0m
ol Au2l pis 4 =
a o HIEX:
- : 1 | L+9.00m
[=] .
g .
b GL OF DESIGN
. EL{-110.65 ﬂ!
Mhas- s 6._
:’. I L=10.00m
-F I PC PILE 4 800 LatlOm
Ael1d p3s
Heonomy 102% 100%
To cause scouring around piers. ?  Stability structure against
Driftwood and trash eatch by the driftwood.
piers, and the obstacles due {o the |®  Dry-works are possible, and no
flood flow can be oceurred, problem for construction.
Others Construction supervisions are ' '

r'et;uired so that the piles have
‘coupler. ;
To be caused wear at coupler parts.

i) Material Quality and Allowable Stress

@ Concrete

Déscriptions Main Beam
® Design standard stress 400 kgl/cm?
¢ Allowable bending compressive stress . 180 7
° Allowable bending tension stress o L I
¢ Allowable average shear stress 55
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@ P.C Steel
: Descriptions _ Main.Girder
Kind SWPRTA 12T 12.4
° Tensionstress 17,500 kglem®
®  Allowable tension stress a
{Design load) 10,500
(After introduction) 12,260

9) Determination of Main Girder Section

The main beam section can be shown as follows in taking into
consideration bending stress, construction works, P.C steel, etc.

Min. 200 mm
Min. 150 min

250 mm as bending stress of main girder

°  Web thickness
¢ Bottom slab thickness

®  Crestslab thickness

..................
...........

3) Intersectional Force (at max. gi;‘der : Ggand G11 Gir&er) ‘

Bending Moment

Deséription.s Shearing Force

° Main girder dead load 154.64 t-m - 22.96
® QCast-in-situload 26.00 3.78
®  Bridge surface load 59.99 8.73
° Line load 50.03 7.28
® Crowd load - 8.36 1.22
° Total dead load 240.63 35.47
¢ Total live load 58.37 8.50

Potal 299.00 43.97

4} Calculation of Pre-stress
Specifications of P.C. steel

®  Pre-stress after introduction:
Pre-stress effective coefficient:
¢ Designed stress of P.C. Steel:

SWPRTA 12T 12.4 X 6 pieces

opt = 9,270 kg/em® < 12,250 kg/em?
7 = 0762 . )
op = 7,526 kg/em® < 10,500 kg/em®
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5) Compound Stress Analysis

The maximum stress at the beam with maximurm load can be shown as
follows.

Upper end (kg/em?) Lower end (kg/cm?)

- After introduction Min. 18.9 > - 15.0 176.9 < 180.0
® Designed load 137.2 < 180.0 Min. 128 > - 15.0

6) Shearing Stress Anal&sis
Designed average shearing stress
Tm = 3.9 k.g'lcm2 < .5.5 kg/em?
7) Deflection Analysis

Deflection : 1/1,388 < 1/500

7.2.7 Stability and Structural Calculation for Infrastructure

The structures as infrastructure of the road bridge are of the following
two types as follows, and the stability analysis and structural calculation have
been made for these structures.

.0

Inverted T-shape type abutment ........ Al

]

Inverted T-shapetypepier ............. P1, P2, P3
1) Stability Calculation
a) General Figure

_ A The general figures of both the abutment and pier in the inverted T-
“shape type are shown as follows.
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Figure of Inverted T-Shape Abutment
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b) Water Level

The water level study has been made as follows for stalﬁlity analysis,

Flood Back side of abutment
Abutment Max. W.L. 240 m W.L.0.30
Pier p B

¢) Case Studies for Stability Analysis

The following three cases have been taken up for stability analysis as
follows:

Case Condition Abutment Pier

Casel = Low water level Bfidge Centerdir. Thalweg
Case2 - Flood z s
Case 3 Construction S Bridge Center dir.

d) Results of Stability Calculation

- The results of stability calculation for the infrastructural works, are
shown in Table 7-3. The abutment has been designed so as fo secure the safety
- factor against overturning during construetion work. The width of footing slab
has been designed in consideration of the foundation works and figure of
 columns,

e) Structural Calcuiation

The abutment thickness of the footing slab is designed at 0.80 m in
view of the abutment height and foundation pile structure. The wall thickness
of the abutment is designed at 0.50 m for a required thickness of 0.40 m and a
coverage over reinforcement of .10 m.

o The thickness of the pier columns will be 0.80 m and the thickness of
the footing slabs will be 1.00 m based on the maximum pier height of 15. 50 m,
The results of the designed reinforcement and stress analysis can be shown in
Appendix 7.2.8.
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7.2.8 Design of Foundation Works

1) Load Conditiohs

The maximum vertical and horizontal loads to the abutment and piers
‘are shown in the following table.

Direction Ver, Force Hor. Forece  Ece. Distance Moment
L » V ) H ® e (m) M (t-m)
Abutment Center 1,218 . 185 (.49 597
Pier P1 Thalweg 1,361 14 0.11 150
Pier P2,P3  Thalweg - 1,454 14 0.15 218

2) Studyon Foundation Construction Method

The allowable bearing capacity of the ground can be estimated by load
condltlons bearing on each structure of the proposed infrastructure and the
.results are shown in the followmg table.

The direct foundatlon construction method cannot be adepted for these
foundatmn works of abutments and piers because the load working thereupon
w111 larger than the allowable bearing capacity. The pile foundation method,

_ therefore, shall be adopted to the foundation works for the infrastructure.

Ultimate bear, Safety Factor Allowable Bear.  Ver. Force

Capacity Vu () Fs Capacity Va (t) V()
Abutment /386 3 129 < 1,218
- PierP1 - 352 3 117 < 1,361
PierP2,P3 1,134 3 378 < 1,454

3) Determination of Pile Length
The pile tips for foundation works shall be inserted into the clayey
layers with N-values of more than 20 to the depth at last by the diameter of the

piles in those layers.

The pilé length for the abutment shall be designed by I = 21.0 m and
that for the piers by L = 10.0 m to 15.0 m. (Refer to Figure 7- 5)
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4) Study on Proposed Pile Types

Steel piles are selected for the abutment foundation works because the
abutment’s horizontal force is larger than the vertical force. The piles specified
by SKK Standard 400 shall be used in taking into consideration the fact that
the foundation is considerably weak with N-values in a range from 0 to 1. And
the economic comparison has resulted in the fact that the foundation piles for
the abutment should be steel piles of SKK 400 with a diameter of 450 mm and
thickness of 9.0 mm. And PC piles shall be used in this case because the piers
will have smaller hori'zontal force than the vertical force.' |

Finally, it was decided that the steel plles o be used for the works
should be PC piles by TIS standard in a diameter of 500 mm.

5) Study of Pile Ar_réngément _

The results of the calculation for the pilé foundation works are shown
in Table 7-4, |

The p11es for the abutment foundatmn are speclfically defined as SKK :
400 steel plles with diameter 450 mm and thlckness of 9.0 mm in view of
reliable stress and displacement of plle head, and the necessary quantity is
obtained as 32 sets of 11 units, and 10 sets plus 11 sets.

For the vertical beari:rig foree, fhe TIS standard PC 'pile_s with diameter

of 500 mm and quantity of 12 sets of 6 sets X 2 1ows for the P1 pier and 16 sets
of 8 sets X 2 rows for the Pg and P3 piers, (Refer to Figure 7-6)

3-121



- |
-
. o ] _
-a ¢
L
o
i -] 2
og 12 " | osiizl-) 13 | unﬂiﬂlm 3 R\W.
- - I e—— ) " =
. _m [FHEIREEE] J,W -
Lo __m V,J
- i | ]
1= ,ﬁ s B
g s i i
IE I
i i AR =
I | =
eI 1E | il o3 | ‘
N —
g wEAL icie ‘V
Hd
¥ ) .
"EEISAREN '
i T |
i8ig 2041 1d '
L LL SR
_ .
o py F—
\. w\. n.IHuIIL
T —
gy i [ —— [«
oF 3 eOEAN WINEAN

VAN : :
= -3 s
. . .
. 2o SR el

S$3d .ZOF,.QQZDOH_ 40 HIDNIT §-£ JHNOH

3-122



s> TWoe - ¢ > -0 oLt > 0l 6301 > 60 6 > 86 91 £4'cd
o . o a _ _ IHld

1> 010 0 > 0 ol > ot Q1T > FAn 8¢l > 1l Z1 id .
1> %1 ool > @y 00vL > PIEl gL > Y o1l > §9 [A3 Iy LY
{uo) () - (gtuo/Bry  (poyBy)  (pwiosBy)  (puosBy) . (soday  (soday (seda) - (tsoda)  (tsod)

BY ¢ es o ES 5 - 1

wawsasedsig i : A . A s3I jo  99ED adAl
N mﬂco@ox. ssang ejisua] ssaig aAIssadwon PEO| [el0ZiIoH PECT [BIIHSA isquinyN

UALONYLSVHINT HOS SISATYNY S$TTid NOLLYONNMOL 40 SLINS3Y ¥+ 4 A8V

3-123



FIGURE 7-6 ARRANGEMENT OF INFRASTRUCTURE -
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CHAPTER 8. DESIGN OF PUMPING STATION -

8.1 Location of Pumping Station

The locatlon of the proposed pumping statlon has been selected to be
about 2.3 km upstream from the proposed diversion canal on the left bank of the
Bang Pakong River, taking into consideration the following conditions : '

i) Easy connection to the main canal and at a short distance ;

i1} Little expectation of suspended sand and organic particles settlement
after completion of the project works and the possibility of flushing

ﬂoaﬁng‘ weeds growing in the river away during the wet season ; and

iii)No problems of noise pollution and troubles in relation to the river

~ water control.

(vefer to Appendix 8.1)

8.2 Pumping Facilities

1) Basic Conditions
a} Pumping Water Discharge and Operation Hours

The pumping capacity of the proposed facilities was'deagned to be Q
= 16.00 m%/s equivalent to the maximum diversion water requirement for 20
years from 1968 to 1987, operating the pump for 24 hours a day (refer to

Appendix 8. 2).
b) Water Levelsat Suction and Delivery Sides

The designed suction water level shall be deﬁorm_i_n_ed to be EL. (-) 1.60
m in the pump suction water level (P,_ S. W. L.) and EL. (-) 1.90 in the min.
suction water level (Min. S. W. L.) based on the min. reservoir water level in the

Bang Pakong Reservoir (Min. 0. L.) of EL. (-) 1.30 m
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The design delivery water level shall be deternﬁined by the pump
delivery water level (P. D. W, L.) of EL. (+) 8.80 m based on the plan of the
‘main canal (refer to Appendix 8. 2).

2) Number of Pump Units and Purp Bbre

The proposed number of pump units is four (4), each with the same
capamty, taking into conmderatlon the following conditions, without standby
units,

i) High applicability for water discharge variations ;
ii) Lighteningof damage due to machine trouble, ete. ;
iii) Spare parts’ interchangeability ; and
'iv) Economy.

The pump bore shall be of 1,350 mm, considering a delivery water
discharge per unit of 4.00 m%s (16.00 m¥/s/4) (refer to Appendix 8. 2).

3) Type of Pump

The vertical shaft-type mixed flow pump shall be adopted, as a result
of examination on the ] pump suction performance, which will not inflict any
‘harmful cavitation in the extent of expected pump operatmn (refer to Appendix

4) Puomp Head

The actual static head {Ha) of the pumps at the design point shall be
"Ha = 5.40 m which is the difference between the designed suction and
discharge water levels. By adding the above head and the head losses due to
pipe friction etc. the total pump head (EI) can be obtained as follows :

Pump by motor H=610m

Pumpbyengine  H =6.20m

(refer to Appendix 8. 2).
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5)  Main Pipes and Valves
The main pump and the discharge : reservoir are connected: by the steel

pipe involving a discharge valve and non- return valve for each set of pump
unit. ' '

Pump Bore - Main Pipe " Discharge Valve  Non-return Valve

61,350 mm  ¢1,350mm~¢ 1,650 mm  #1,350 mm 41,650 mm
{Steel Pipe) (Butterfly Valve) (Flap Valve)

6) Overhead Crane

An overhead crane shall be used for the 1nsta11atmn of the pumpmg
equipment and overhaul inspections of the equlpment necessary for the
Operatmns and mamtenance

The type ahd.capaéify of the crane shall be determined according to ﬁhe
type and capacity of the pumps.

For the proposed pumping station, since the pumps are of vertical
shaft-type mixed flow pump with a bore of 1 350 mm and 5.9 m in the pump
column length, the overhead travehng crane with the capacity of 20 tons shall
be apphed

8.3 Prime Mover
1) Type of Prime Mover

As prime movers for the proiaos_é& 'pumps, el‘é_c't.ri,c mdtbr_s"éhall_'_bé
adopted for three (3) units out of a total of four (4) units and the remains shall

be diesel engine, taking into careful consideration conditions of pump
operation, power supply, advantages in economy, etc. (refer to Appendix 8. 3).
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2) Output of Prime Movers

The output of the prime movers shall be as follows, taking into accounﬁ
the discharge capacity and total head (refer to Appendix 8. 3).

Output of motors - Pu = 350 kw
Output of diesel engine Pz = 500 ps

3) Power Transmission Equipment

A rlght—angle bevel gear reducer shall be used for the power
transnnssmn of the prime movers, Its speed reduction ratios are as follows :

‘i) Motor (6 P, 1,000 rpm)
| 1,.0.00 i‘pm a.pp.rox.. 250 rpm +4:1
1ii) Diésel engine (1,000 rpm)
1,00'0..rpm :approx. 250 rpm + 4:1
4). .CO(.)ling System

The cooling system for the diesel engine shall be of an in-pipe cooling
type because of the following reasons

i} There is no need fo supply a vloume of clean water and long- term
operation is possible ; and

i) . Operation is highly reliable and maintenance is easy because a
small units of the related equipment are required.
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8.4 Intake Canal and Intake
1) Intake Canal

‘The functions of stilling basin shall be given to the intake canal with a
total length of 50.0 m to protect the related pumping facilities.  And the sill
elevation of the entrance shall be EL. (-) 2.70 m so as to reduce a quantity of
sediment entering from the Bang Pakong River as much as possuble (refer to
Appendix 8. 5). ' - ' '

9) Intake
a) Sill Elevation

The sill elevation of l;hé= intake shall be EL. () 3. 50 m so as to reduce
the inflow velocity to less than 0.50 m/s at the front of the trashrack (refer to
Appendix 8. 5),
b) Width and Elevatifm of Concrete Plank

There shall be Working' space for trash rexhbval ahd a traffic waj
provided with a width of W: = 4.00 m and W= 5, 00 m, respectlvely ‘The plank
elevation for trash removal shall be EL. 2.00 m for keepmg sufficient workmg

space, while that of the traffic way shall be EL. 4.00 m, taklng into account the
flood water level of Max. W. L. 2.50 m (refer to Appendix 8. 5). '

¢) Space between Bars for Trashrack
At the entrance of the intake, the Steel bars shall be provided with

effectﬁe space of 50 mm in consideration of a main pump bore of 1 ,360 mm
(refer to Appendix 8. 5). .
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8.5 Suction Sump
1) Water Depth in Suction Sump

The water depth in suction sump shall be 3.65 m based on the water
depth necessary for submergence of the ¢1,350 mm pumps, etc. And
consequently, the sill elevation of the sump shall be EL. (-) 5.55 m, which is 3.65
m lower than the Min, 8. W. L. of EL. (-) 1.90 m (refer to Appendix 8. 6).

2) - Dimensions of Suction Sump

The intake water way for each suction sump at the deepest bottom
~ floor shall extend a distance of 5.00 m which is bigger than value of three (3)
times pump bore (D) (= 3 D) and a distance of 1.50 m up to the partition wall
-toward the upstream and downstream of pump axis, respectwely

The total length of‘ the sump shall be 16.00 m, which are eventually
required for the installation spaces of pumping facilities.

The total width of sump shall be 19.90 m, considering the number of
_ required pump units and the necessary wall depth (refer to Appendix 8. 6).

3) Floor Elevatioh
a) Prime Mover Installation Floor

The floor elevation for installing movers shall be determined at EL,
4.00 m taking into prudent consideration the prime movers in safety from a
; flood water level of Max. W. L. 2.50 m, and the finished floor elevation shall be
EL. 4 30m mcludlng cinder-concrete depth (refer to Appendix 8. 6).

b) Pump Installation Floor

The floor elevation for pump installation shall be EL. 1.70 m, which is
a httle hlgher than the ordinary flood water level with a probability of 1/10
year, anticipating wet floors due to leakage water in case of a lower elevation
floor, éith'ough possibly low floor elevation will decrease the costs for pump
equipment and construction.
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For further information, water tightness shall be given to the pump
base. The in-plant drainage facilities are provided in paying attention to the
design maximum flood water level of W. L. 2,50 m (refer to Appendix 8. 6).

8.6 Pump House

1} Dimensions of Pump Room

The length of the pump room shall be 15.00 m in total, necessary for
installation of the diesel driven pump unit {refer to Appendix 8. 7).

2) Width of Pump House |

The total width of the pump house shall be 3050 min considération of
the three (3) factors, such as pump installation floor width, material entrance
floor width and electricity room width (refer to Appendix 8, 7).
3) Height of Pump House
a) Pump Room

The height of the pump room iﬁcluding material entrance floor shall
be determined, considering hoisting height for the main purhp,‘_ necessary
clearance for crane installation and depth of main beam. In this pumping
station, the definite clearance shall be 11.00 m above the ground elevation of
EL. 4.00 m at the pumping station site (refer to Appendix 8.7).
b) Electricity Room

Clearance between floor surface and bottom of the beam shall be 3.00

m as effective height, and the total height including the office room in the
second storey shall be 7.50 m above the ground surface (refer to Appendix 8.7.
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'4) Building Structure
Beams, columns and floors shall be constructed of reinforced concrete,

while walls are with concrete blocks, The beams of the pump house shall be
made of iron frames, because of having such a long span as 15.0 m,

8.7 Discharge Reservoir

1) Water Depth in Discharge Reservoir

o The water depth in the discharge reservoir shall be more than 2.05 m
for the delivery pipe mouth to be sufficiently submerged. The bottom slab

' surface elevation of the discharge reservoir, consequently, shall be EL. () 0.80
m, which is lower than 2.05 m below the Min. D. W, L. of EL. 1.39 m (refer to
Appendix 8. 8).

2) Plan of Discharge Reservoir

- The width of the discharge reservoir shall be 18.30 m in total net
inside measurement based on the spacing of pump installation. The total
length shall be 43.5 m including the connecting section (transition) with the
main canal (refer to Appendix 8, 8).

8.8 Structural Calculation of Suction Sump

Structural caleulation of the suction sump shall be made, in principle,
by box type rahmen structure with four (4) sides composed of upper plate,
bottom plate, side wall and/or separation wall, except hydraulic pressure walls
and earth pressure walls at the back of the pump units which shall be designed
as a four (4) sides fixed plate.

_ ~ In this paragraph, the results of two (2) calculations are shown for
prime mover installation section and pump installation section of the suction

sump.
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1) Dead Loads
Reinforced concrete weight : 2.4 t/m3
Plain concrete weight ;2.2 t/m8.

2) Active Loads

Diesel engine 500ps : 5.49¢ X 1.3 =17.14 t/unit

Motor 350kw : 240t X 1.3 = 3.12 t/unit
Main pump w/ reduction gear  : 384.76 t/unit _
Uniform loads :  prime mover’s floor = 0.50 t/m?

pump floor 0.30t/m?
outside embankment 1.00 t/m2

3) Building Loads

The axial force acting to the building columns shall be taken into

consideration,

4) REarth Pressure

Internal friction angle : g=25°
Earth pressure coefficient : K = 0.461
Earth weight :  wetted earth vt = 1.8 /m?®

saturatedearth  y4up = 2.0 t/m?
5) Water Level Conditions

Water level inthesump  : Min, 8. W.L.(-) 1.90m
Ground water level  GW.L.0.00m
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FIGURE 8-1 LOAD & SECTIONAL FORCE OF MOVER INSTALLATION SECTION
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FIGURE 8-2 LOAD & SECTIONAL FORCE OF PUMP INSTALLATION SECTION
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8.9 Design for Foundation Works
1) Selection of C'onstruction Method for Foundation Works

The 'foundation under the respective structure of the proposed
pumping statlon is found as the soft ML layer with N-value of less than 4 and
the comparatwely favorable CL layer with N.-value of over 15 at a depth of
more than 4 m even in the shallowest (refer to Figure 8 - 3). Consequently, the
pile foundation construction method shall be employed in the Project.

2) Determination of Pile Length

| Pile tip shall stably penetrate the firmed layers to have sufficient
bearing capacity for heavily loaded important structures.

In this Project, the pile tip shall be penetrate up to approximately EL,
(-) 18.00 m for the foundations of such structures as Intake, Suction Sump,
uxbcharge Reservoir, and Pump House as show in Figure 8-3, while the piling.
shall be made up to EL. (-) 14.0 m for the transitional sections with a hght
loading. '

TABLE 8-3 PlLE LENGTH FOR EACH WORKS _
" Works EL. of Plle Head EL. of Pile Tip Pile Length

Intake BL.() 420m EL(G) 1820m L =1400m
Suetion Sump EL.() 645m EL.() 1845m L =1200m
Discharge Reservoir ~ EL.() 140m  EL.() 1840m L=17.00m
Pump House EL  28m EL () 1820m L=2100m

Transitions BL. 09m EL.() 140lm L=1500m

'3) Calculation of Allowable Bearing Capacity for Pile in Vertical Direction

Aliowable bearing capacity for pile in vertical direction (Ra) can be
calculated by the following equation :

‘Ra =1/3-(qd-A + U-3¢-)
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Where, Ra

¢
D
N

Allowable bearing éapacity for pile in vertical direction
(t/pile)

Sectional area of pile (n?)
Circumference of pile (m)

Thickness of layers for considering skin friction {m)
Max. skin frictional force (t/m?)

Ultimate bearing capacity per unit area supported by pile
tip (Vm?)

€/D_<_§.O_ qd =20 +4¢/D)-N  fore/D <5.0

D=50 qd=830N  foré&/D=50
: - Depth of pile penetrated into a bearing layer (m)

Pile diameter (m)

Design N-value at pile tip

a) The Pile Tip Locétiohs at EL (-)18.20m

?_N‘ =33, £=23m
£ = BEL (-)10.64m — EL. () 18.20 = 7.50 m
fi = Nj = 15(= 15)

Pile Dia’ (mm)

Bearing Capacity {t/pile)
qd - . Remarks
gd-A U-ti-fi Ra '

%300

400
g 500
¢ 600

30N 70.0 106.0 58.6

30N 124.4 1441 89.5
984N 184.0 176.7 120.2
253N 236.0 212.1 149.3

b) Pile Tip Locations at EL. (-) 14,00 m

N =18,¢D = 5.0
¢ = EL.(-)10.64m —EL. () 14.00 + 3.30 m
£ =N; = 15 (= 15)
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Bearing Capacity (pile)

Remarks

Pile Dia, qd

tle Dia. (mm) 1 @A U-ti-fi  Ra
$300 30N 382 467 - 283
% 400 30N 67.9 62.2 433
# 500 30N 106.0 71.8 61.2
#600 30N 152.7 93.3 '82.0

4)

Determination of Pile Specifications

The specifications of the piles used for the respective foundations

under the structures shall be determined by selecting the most economical ones
among PC-piles (TIS 398-2524) based on the respectlve de31gn loads.

a) De31gn Load
TABLE 8-4 DESIGN LOADS FOR RESPECTIVE WORKS
Works Vert. Force | Horz. Force Eccentr stt _ Moment
V(t) H() e (m) M(t-m)
With Uplift 1,767, -134 . -0.54 - - 954
Intake Without Uplift 2,761 134 055 -1,519
Suction With Uplift 3,990 519 0.01 40
Sump Without Uplift 5,470 -519 0.01 b5
Discharge | With Uplift 1,797 - 108 | 1o
Reservoir Without Uplift 1,986 - -1.31 - 2,602
Transition 1 675 i -0.17 115
Transition 2 553 - -0.38 -210
Transition 3 324 - -0.65 -211
Pump Heuée Footing Iy 190. | - - -
Pump House Footing Fq 90 - - -
Note:  Horizontal force and eccentric dlstance are taken in the direction of the ﬂow taklng

pomtwe sign towards the downstream,

b)

Economic Comparison

Comparison of the respective foundatlon works for each structure is
shown in Table 8-5.

3-143



't 008192 081°9Z 0I=8XI+¥X32 wwggg 8 .
__ ‘14 SuRo0d
001 602981 02981 DI=ZXI+¥XZ w01z WaHHS g M4 Od
asnopy dwng
LO1 09¢861 D9F'Z1 II=ZXZ+¥XE W) # :
951 008‘6%S 0088t IP=0T+%T+L1 wuLgog ¢ ,
00t 006798 0068 TF=0T+¥FL+LT WGl BwW)Gh @ atd Od £ ‘g ‘1 uonyIsURLY,
00'1 00%eog 008°s £9=¥%1+33+.2 wWuwg)g g
et O0Fy'198 090'¢T PZ=9X¥ wwQes ¢
01’1 007302 080°01 0£=9X¢g wWHLT wwopy 9 g Od I10AT959Y 9218YISI(]
001 0¥6°6L3 0289 TH=1X9 wuwoog ¢
00T 09L°L58 09671 96=8XL WwHeg #
201 00z°188 0%9°01 08=01X8 A wWwp)g $ td Dd dwung uorjong
011 009°626 0%1°L 0EI=81IX01 wwooy ¢
1 02e'88¥ 07¥'LT 82=3X3+9IX¥ wwggg ¢
001 00Z°LYS 00731 - 8Z=FX3+IXF WO wwgQg ¢ g Dd - aYeyuy
£20'1 006°9¢¢ 002’8 CSP=7X¥+LXS wwyoy ¢
. so a7y z0d . . yjsuay B spursy
oTyey 3500 (gnse) ) H.m. JuatIaduelry aflg saJnjonag
e ISUOL) §8067) "J5U0D) uoryeoyadg AT g

UNLONYLS HOVI HO4 SXYOM NOLLYANNOA 40 NOSIIVAINOD DIWONODI §-8 TV

3-144



¢) Determination of Pile Diameter

Determmatmn of the plle diameter shall be made based on the

economic comparison, in principle.
d) Pile Layout
Thé pile layouf is iilustrated in Figure 8-.4._
5) Calculation Results for Foundation Works
Based on the afofesaid loading conditio.ns' and pile layéutj the
calculation was made as shown in Table 8-6. As a result of calculation on pile

loading force, stress in pile, dlsplacement at pile head, ete., all of those values -
are within allowable extent. '
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CHAPTER 9. DESIGN OF CONTROL SYSTEM

9.1 Objectives of Contrb- Syst“em |

A control system for the Bang Pakong Diversion Dam Project will be
introduced for the proper operation of the Diversion Dam and Pumpmg Station.
The use of this centralized control system, is expected to save control time and
ensure the safety of the facilities and surroundings of the Dzverswn Dam.
Another objectwe is the effective utilization of water resources and the fair
distribution of the water. :

The general plan of the control system is shown in Figui'e 9-1.

The Bang Pakong Diversion Dam Project includes the Diversion Dam,
the Pumping Station,; 8 water level gauges and 2 sahmty instruments. The
monitoring of Tha Lat Diversion Dam (exlstlng) Rabom Dam (existing), -
Khlong Si Yat Dam and sea level gauge at the estuary will be added to the
system according to the full plan of the Tha Lat River Basm Development :
Pr oject. :

9.2 Scope of the Control System and Control Léve!

The control systeni should be simj)le to operate and niaintain
Therefore, a centralized control and momtormg system should be adopted for
the main system.

The control and monitoring system for Electrical Faczhtles is.
convenient for the operation and maintenance of the d1spersed electrlcal

facilities, such as the Hoist House, Substatlon of the Diversion Dam, Pumpmg
Station and residential area on the O/M buxldmg site.

9.2.1 Scope of the Control System

The facilities for the centrahzed control and monltormg system are
shown in Table 9-1. The reasons for this selection of faclhtles are shown below.
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1)

Control of the Diversion Dam is possible by monitoring water levels

downstream and upstream of the Diversion Dam and in the Prachin and the
Nakhong Nayok rivers,

2)

Both remote control and monitoring of the main facﬂltles that is the

Diversion Dam and the Pumping Station, as possible.

TABLE9-1  EACILITIES FOR CONTROL AND MOMITORING

Name of Facilities | Monitoring | Control Remarks
1. Diversion Dam O O : ,
2. Pumping Station® O O Irri. W. Supply, Fish, Others
3. Pumping Station @ (@)} Industry -
4. Upstream WaterLevel | = O 2 Spots.
at Diversion Dam ; -
5. Downstream Water O ' 2 Spots
Level at Diversion Dam-. S :
6. Ban Sang Station - 0O 1 8pot
7. NakhongNayok Station O _ 18pot-
8. TideatEstuary ) . |18pot-
9. SalinityatDiversion | - O 2 Spots
Dam ‘
10. Khiong Si Yat Dam (@)
11. Rabom Dam Oy
12. Tha Lat Diversion Dam | )

Note: Facilities with ( } are not included in Bang Pakong Diversion Dam Project

The following facilities are not included in this Project because i;he'-f‘ull‘=

plan of the Tha Lat River Basin Development Project including these facilities
is not immediately necessary, - ‘

a) Tha Lat Diversion Dam(existing)

b) Rabom Dam (existing)

¢) Khlong 8i Yat Dam

d) Pumping Station @, Tide at Estuary
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9.2.2 Control Level

_ The control level of the Control House and other facilities is shown
“below.

1) Control House
a) Telemetry System

, The following items wi_ll be operated by a telemetry system. But,
online control using collected information is not included in this system,

Indication of collected information
 Accumulation of -do-

Recording of -do-

Processing of ~do-
" b) - Control and Monitoring of Electrical Facilities

The following items will be operated by this system.

On-Off tele-control of electrical facilities
Indication and monitoring of gauges

2) = Ban Sang and Nakhon Nayok Station

- Water levels of Ban Sang and Nakhon Nayok station will be
transmitted to the Control House by radie (VHE).

‘3) Diversion Dam and Pumping Station
a)  Telemetry System

Water levels will be transmitted to the Control House by
communication circuit.
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b) Control and Mbnitoring of Facilities

The following items will be d'perated_by this system.
- Manual On-Off control of facilities
- Indication and monitoring of gauges

9.3 Outline of Control System

The control and Monitoring System for the Bang Pakong Dwersmn
Dam Project shall be composed of the f‘ollowmg six(6) sub-systems.

- Gate control and monitoring sub-system

- Pumping Station control and monitoring sub-system
- Substation control and momtormg sub- system

- Telemetry data acquisition sub-system

- ITV monitoring sub-system

- Information by paging sub- system

The outline of the control system is shown in Figure 9-2.

9.3.1 Location and Function of the Control House
1) Location

The Control Hoﬁse is located in one room of the contro'.l'building, which
is located on the left bank at the site of the Diversion Dam.

2) Function

The Control House is the supervisory room for the Diversion Dam,
pumping station and all facilities of this Project. The main functions of this
system are as follows. '

Monitoring of water levels and discharges
- Remote control of Diversion Dam, Pumping Statmn and other
Electrical Facilities
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- Information processing _
- Monitoring of Diversion Dam by ITV (Industrial T.V)
- Information by paging =

Main instruments for this Control House are as follows.

. Central operatiori console

- Graphic panel '

- Measuring and monitoring device
+ Control and monitoring device

- Information processing dev_ice

. Alarrhing device

-ITV device

-Paging device

9.3.2 Composition

1) GraphicPanel for Méasﬁrihg and Monitoring.

- The graphic panel should be désigﬁed to iﬁclude the f_ull'.plan of the

Tha Lat River Basin Development Project. For future alteration, the mater'i'al_s
of the graphic panel should be of the mosaic type.

» Indication items on the graphic panel are as follows.

- Water levels o o

- Discharges from Diversion Dam and Pumping Station
- Condition of regulating and flood gates

- Condition of Pumps

2) Mini Graphic Panel for Electrical Facilities

+ The condition of Substations and Electrical Facilities at the
Diversion Dam, Pumping Station and residential area will be
indicated on the graphic panel. _ '

+ The kind of indication will be the on-off condition of each load
system. |
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9.3.3 Transmission Method and Information Circuit

The transmissio_n method depends on the distance from the control
house. '

1) Distance between Control House and On-Site
-Ban Sang station (Prachinriver) ............. .. 35 km
- Nakhon Nayok station (Nakhon Nayok river) ... 30km
-Pumping Station .............. e 7km
-DiversionDam ..................... .. [ 1km

2) Transmission by Radio (VHF)

The next stations are far from the Control House, therefore, radio
cirenit (VHF 150 MHz band) will be adopted in this case.

- Ban Sang station
- Nakhong Nayok station

3) Transmission by Communication Circuit

The Pumping Station is 7 km from the Control House, It is therefore
better to use a communication cireuit between the Control House and the
Pumpmg Station.
4) Transmission by Control Cable

Water level gauges and Electrical Facilities at the Diversion Dam site

are less than 1 km away from the Control House. Therefore, control cables
should be uSed_ for the route between the Control House and these facilities.

5) Radio Telephone System

Radio telephone system will be installed between Control House and
sites. The frequency will be adopted 150 MHz band.



6) Monitoring and Paging

Each two monitoring cameras will be mstalled on the upstream and
“downstream sides of the Diversion Dam. Television pictures will be
transmitted to the Control House by an ITV device. The angle of the
monitoring cameras should be variable and a zooming device should be added

because of the 170 m width of the vaersmn Dam,

A paging device will be inst_alléd_ a't each of the following places for
announcements that are transmitted from the Control House.

- Upstream and downstream of the Diversion Dam
- Pumping Station
- Control House
9.3.4 Outline of Control System
The outline of the control system is shown in Figure 9-_3.
1) Scope of Centralized Monitoring System

a) Scope of Monitoring and Measuring System

Location Measuring Items Transmission Method
Ban Sang station. Water level X1 VHF
Nakhon Nayok station ‘Water level X1 : VHF.
Pumping Station Water level X2 Communieation cireuit
Diversion Dam © Water level X4 - -do-

-do- Salinity instrument X2 -do-

-do- pH meter X 2 o =do- .

-do- “ITV camera X4 Control cable

-do- _ Condition of gates X7 ~ o do-
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b) Scope of Control and Monitoring System of Electrical Facilities

Location Control & Monitoring items : Transmission method
Diversion Dam Power unit Control cable

-do- Sub-station -do-

-do- o Gate motor ~do-

-do- Emergency power unit ~do-
Pumping Station Power unit Comminication circuit

-do- Sub-station ' .' -do-

-do- Pump motor ~do-

-da- Emergency power unit _ -do-

2) Functic'n.of Control and Moniforing System
a) Monitoring and Measuring

The ;Surpose of monitorihg and measuring is to colleét., record and
accumulate data. Discharge from the Diversion Dam and Pumping Station
should be computed from the di{'f:'erences: between water levels. (refer to
Appendix 3.4) ' '
b) Control and Monitoring of Electrical Facilities

The on-off controls of all devices and switches will be operated by this
system. Also, voltage, electric current, power rate an_'d power factor will be
indicated, recorded and accumulated,

¢) Alarm System

Warnings of an emergency includ_ing information on temperature and
function of the control system, will be conveyed by indicators and buzzers. ~

3) Layoutof Control Housé

The layout of the Cont_rol House is shown in Fig'ure 9-.4.

The Control House should be constructed with a free -type floor to
enable wiring and future extension.
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FIGURE 9-4 LAYOUT OF CONTROL HOUSE
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9.3.5 Gate Conirol

It may be posmble to operate the tide protection gates by remote
control dependmg on the results of the estimate of the degree of gate opening
which in turn depends on the water level data.

There are three phases in the above-mentioned system. These phases
are shown below. :

1) Measuring data and data-transmission
2) Estimate of the gate opening and closing -
3) Operation of the gates

Therefore, one manual input is provided in the system as shown below.

Measurement and data-transmission of water level
and gate opening/closing positions ‘

l

Estimate of the gate control by usmg the water
level and gate positioning data, for the next step
to be taken by personal eomputer

{Manual input of the data to the remote control panel)

l

Operation of the gates by remote control

*

* The gate controlling w111 be operated by manual mode, and settlng of the opening
position will be set by manual control on the console desk

The gate control mode shall be as follows,
- ON/OFF control
- Set point control for target opening position

Input data and output data for gate controlling shall be as follows.
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1) Input Data-

a)
b)

c)

- d)
e)

H

(ate opening for two(2) regulating gates
Gate opening for three(8) flood gates

Supervision items for three(3) flood gates and two(2) regulating
gates

Salinity density of six(6) points at total of two(2) fixed sites.
pH value of two (2) fixed sites.

Salinity density of temporally site (Chachoengsao Bridge) by
manual measurement

2) Output Data

The following are descriptions of output data.

.a)

b)

c)

4

e)

Command 'sigqals for controlling regulating gates
Command signals for controlling flood gates

Qutput data for graphic panel

- 8 water levels including water levels at Pumping Station and
- upstream of Bang Pakong River

- QOutflow data

-+ Inflow data

- Salinity density

- pHvalue , :

- The operation conditions of gates, open or close

Output data on the visual display equipment

Output data on gate operating console

- QGate opening

- Qutflowdata

- Inflow data

- Operation condition

- Equipment condition

- Hydrological condition
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The following calculations shall be prepared for this system.

- Smooth processing for dam water levels

- Inflowcalculation procedure

- Outflow calculation procedure

- Pumping discharge caleulation procedure
- Detection the alarming water levels

- Target gate opening

8.3.6 Pumping Station Control and'Monitéring Sub-System

The operation of the Pumping Station confro_l ‘and monitoring sub-
system will be controlling and monitoring through use of the Pumping Station’s
input and output data. : ' '

1) InputData

a) The operation conditions of the Pumping Station
b} Supervision items for Pumping Station .
¢) Suction water level

d) Discharge water level

2) Output Data

a) Command signals for Pumping Station
b) Output data for graphic panel

- 2waterlevels

- Total discharge

- Operation condition
- Alarm

¢) Output data on the visual display equipment
d) Outputdata on puinp operating console

- Operation condition
- Alarms
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The following calculations shall be prepared for this system,
-~ Smooth processing of suction water level and discharge water
level
- The total discharge

~ Detection the alarming water levels

3) Controlling

‘The pump controlling will be operated by manual mode.
~ The pump control mode shall be as follows,

«  ON/OFF control

9.4 Composition of instruments
9.4.1 Water Level Gauge
1) Location
a) Gauging Station for River
The purposes of the gauging stations for the river are as follows :
@ Grasp of the fluctuations of the upstream’s water levels. -
(@ Monitoring of the alarming water levels (refer to Appendix 3.3).
@ Recording of water levels after the construction of the Diversion

Dam,

Two water level gauging stations have been chosen after the site
survey of the rivers, These stations profile are as follows,

Ban Sang Stati.o.n _ : catchment area 9,260 km? (63%)
Nakhon Nayok Station :  -do- 1,910 km? (13%)

Notes: the value of ( ) means the area’s percentage of the total catchment area of
the Diversion Dam of 14,729 km’
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Ban Sﬁng station is j.uSt upstréém of the existing water level gauging
station (KGT. 22 Prachin river) that has been observed by RID using a staff
gauge. This station is 35 km from the Diversion Dam.

There is no existing gauging station at the confluence with the
Prachin river and the Nakhon Nayok river. Therefore, Nakhon Nayok station
should be constructed at the crossing point between the railway and the
Nakhon Nayok river. This new gauging station will be 30 km from the
Diversion Dam, (refer to Appendix 9. 1)

b) Gauging Station for Diversion Dam and Pumping Station
Bach two water level gatging stations should be éonstructe_d both
upstream and downstream of the Diversion Dam, for the operation of the tide

protection gates. In all, there needs to be four gauging stations at the Diversion
Dam site. '

Also, one gauging station should be constructed at both the suction
sump and the discharge reservoir of the Pumping Station, for monitoring the
pumping discharge. In all, there need to be twe gauging stations at pumping
station. '

2) 'Type of Water Level Gauge

Flo.ating-type'water level gauges will be adopted for these stations
because of their frequent use in the river. This type is available for long-term
observation and maintenance,

9.4.2 Salinity instrument and pH Instrument
1) Salinity Instrument
a) Location
Two salinity 1nstruments will be installed both upstream and

downstream of the left bank of the Diversion Dam, The upstream instr ument
will be used for monitoring water quality, and the downstream one will be used
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for the monitoring of salinity intrusion and operation of the tide protection
gates.

- Salinity at three depths should be monitored for each station. Hach
sensor shall be installed as follows, because of the water level condition of the

Diversion Dam.

Upstream : EL.0.0m,(-)1.3m,(-)5.0m (MSL)
Downstream: EL.(-)1.3m,(-)4.0m,(-) 7.0 m (MSL)

b) Type of Salinity Instrument

The salinity instrument consists of a sensor for the water temperature
and specific conductance.

Salinity is estimated from this specific conductance and water
temperature shall be fed into the recorder.

2) pH Instrument
a} Location

pH is one of the basic water quality components. Therefore, the pH
instrument shall be installed by the salinity instrument, upstream and

downstream of the diversion dam.

The value of pH is estimated from hydrogen concentration,

pH > 7 Alkaline
pH = 7 Neutrai
pH < 7 Acid

B Eac}i' sensor shall be installed as follo_ws."

Upstream : EL.() 1.3 m (MSL)
Downstream :  EL.(-)1.3m (MSL)
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b) Type of pH Instrument

pH instrument consists of a sensor, cleaning unit control board and
relay cable, The range of this instrument is 2 ~ 12 pH. Automatically,
cleaning unit works for a sensor,

9.4.3 ITV Monitoring Sub-System
1) Purpose

ITV monitoring system is adopted for the safety and the rehablhty of
gate control. :

The purpose of the ITV monitoring sYstem is as follows.

- a) Confirmation of emstence of boats and people near gates
b) Monitoring of outflow from gates - -
¢) Monitoring of refuse and driftwood

2) Location

Upstream = : On the left bank and rlght bank, 200 m upstream of
Diversion Dam, 2 points - . '

Downstream : On the road bridge, 200 m downstream of Diversion
: Darm, 2 points : - :
Detailed selection of this location; refer to Appendix 9. 3.
3) Composition
The ITV monitoring system consists of two sets of cameras with
auxiliary lamps installed at the downstream site of the vaersmn Dam and at

the upstream site of the vaersmn Dam, two sets of monitor telev1s1ons are
installed in the Control House, ITV camera and lens; refer to Appendlx 9.4.
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The auxiliary lamps installed with camera will be prepare to provide
the illuminous intensity sufficient to extend to the gate side. Fixed lamps shall
be installed at the gate piers. (refer to Appendix 9. 5)

'The remote control items on the ITV monitor console shall be as

follows.

- Power ON/OFF
- Zoom )

-~ Tele. or wide mode change

-  Focus

-~ NearorFar

- Wiper

- Defroster

- Light ON/OFF

- Direction control

9.4.4  Telemetry System and Graphic Panel

The felemetry system consists of the following three phases is shown

in Figure 9-2,

Ban S_aﬁg and Nakhon Nayok station ..... radio wave (VHF)

Pumping Station ....................... TM/TC

DiversionDamarea .....ooovvennnrenn.. control cables

1) Telemetry Telecontrol Equipment

- a) Transmission system
- Communication system
- Transmitting speed
- Transmission system
- Correspondence method
- Communication system
~ code configuration
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b)  Power Supply 1o AC220V 1 10%

¢} Powerconsumption - 1 200VAorless

2) GraphicPanel -

The Graphic Panel will feature digital displays and lamps for water
levels, discharge, gate opening/closing and the condition of pumps.

The Mini Graphic Panel will indicate the condition of Electrical
Facilities at the Diversion Dam and Pumping Station.
9.4.5 Radio Device
1) Radio Device (VHF)

A radio wave device wdl be adopted for the transm1ssmn of water
levels of the Ban Sang and Nakhon Nayok station.

Transmission wavelength ....... eveee.. 150 MHzband . -

Transmission velocity .................. 200 bit/sec o
Transmission method ................... polling method
Linkage method .............. ievenen., 112 availableto1:7

According to the Tha Lat River Basin Development Project,
monitoring stations will be increased in future. Therefore, it is economical to
use the 1 : N polling method. |
2) Telemetry Data Acquisition Sub-System
a) System Composition

Telemetering system to collect the necessary observétion data for g'ate

control and display system, consisting of the Control House, Nakhon Nayok
station, and Ban Sang station.
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b) Network of Telemetering System

Each gauging station shall be connected with the Control House by the
frequency of 150 MHz band.

3) System Operation

a) The Control House shall collect water-level data by calling the gauging
station.

b)  Voice communication between the Control House and gauging station for
~ maintenance use shall be possible in this system. Moreover, automatic
calling shall take priority over voice communication.

4) System Function

The Control House shall transmit calling signal to the gauging
stations, and shall collect the data from the gauging stations. The calling
method shall be follows;

a) _Automat_ié caliing

b) Manual calling

¢) Re-calling

5) Transmission System

a) Communicationsystem : Half-duplex communication

b) Code format : NRZI format _

¢) Synchronous method . Asynchronous transmission

d) Modulation system : Bub-carrier frequency shift system
e) Communication rate : 200 bps

f) Error detectingmethod  : 16-bit cyclic redundancy check

g) Code (frame) configuration: Based on JIS X5104
(High Level data Link Control procedures frame structure)
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6) Antenna Tower

In consideration of the topographical 'map.in the project_'area, the
antenna height of each gauging stations is as follows.

- Ban Sang Station : H=30m
- Nakhon Nayok Station : H=30m
- Control House : H=50m

9.4.6 C<Control Device

This operation shall be controlled and monitored by the Electrical

Facilities set up at the two sites; .

One facility is at the Diversion Dam, and the other is at the Pumping
Station. The monitored data from the Diversion Dam site and the Pumping
Station, shall be. displaye‘d on Mini Graphic Panel and visual display
equipment mstalled at the Control House. The Substation control mode shall

be as follows.

- ON/OFF control for circuit breaker
Input and output data for this control is shown below.

1} Input Data

a) Voltage, current, pov&fer and power factor data
b) Supervision items for two Substations

2) Output Data

a) Command signals for Electrical Facilities
b) Outputdata for Mini Graphlc Panel -

- Voltage, current, power and power factor data
- The operation condition of Eiectncal Facilities
- Alarm

¢) Outputdataon the v1sual dlsplay equipment

-8-171



9.5 Staff Organization -
9.5.1 Staff Organization

A plan of operation and maintenance services is mainly executed upon
operations of the Tide Protection Gate and the Pumping Station as well as the
momtorlng system and water conservation in the Bang Pakong river, For those

services, a staff organization and its tasks are proposed to be divided into four
divisions under 2 managing director,

— Administration and Accounting Division

L Electricity, Data-Transmission and Mechanical Division
Managing :

irector — Agricultural Enginecring Division

Operation and Monitoring Division

This staff organization is proposed along with the operation and
malnténance system under appointment of a managing director, Particularly
the managing director, who is requested to manage as appropriate as possible

_overall management and engineering for the operation and maintenance
| serv1ces The contents of their division task are proposed below,

9.5.2 Sér_vicés in 'Divis.ion
1) Administration and Accounting Division

General services in the control house except for engineering tasks will
be performed based on exchanging information between control house and
external offices as per the regulation in RID. In the office, the accounting

services for their expenditures will be settled and also the regulations in the
RID.
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2) Electricity, Data-Transmission and Mechanical Division -

In the hardware component of the control and monitoring system;‘ the
equipment is mainly composed of electricity, wire and / or wireless telemeter as
well as radio communication and mechanical devices. Those hardware parts
should be maintained in normal condition without any- trouble. For this
purpose, this division will perform the maintenance services as constant
interval as per the specifications of maintenance work.

3) Agricultural Engineering

For water operation and inanag*ement,'data _cbllation, computation and
recording are required. For execution service, an assistant engineer is proposed
with a traming in agriculturalx engineering. The engineering se_i'vices may not
only analyse for hydrology and carry out data collation, but at the Pumping
Station, assess the water supply operation programme regarding the water
requirement on a daily and weekly basis in relation to the programme of
pumping operations. :

4) Monitaring:and Operation

During the daily working in the th_trol House related to the operation
and maintenance services, the mast as significant items are operation of the |
Tide Protection Gate and preparation the pumping operation routine under the
monitoring on the runoff water in the river system of the qv;ei:_all basin, A
suitable operation programme at the Bang Pakong Diversion Dam is proposed
dividing into twe routines one for wet and one for the dry season,
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CHAPTER 10. DESIGN OF ELECTRICAL FACILITIES

10.1 Qutline éf Electrical Facilities

The Electrical Facilities, which supply electric power to every load
required for the pumps and gates operation, are composed of an incoming line,
substatlons and wiring to the project famhhes, mcludmg the protective devices
for electric circuits and a diesel-engine generator for emergency use. Layout of
the project facilities and Electrical Facilities is shown in Figure 10-1. The
major project facilities herein all Electrical Facilities to operate the Tide
Protection Gates and Pumps. The power supply would be provided not only to
the said major project facilities but also to the control facilities, such as water
gauges, salinity instruments, loud-speakers, lighting for roads and gates, efc.

1) Incoming Distribution Line

Branch distribution line shall be branched off from the F-6 main
distribution line on the left bank of the Bang Pakong river, and distribute the
current to the Diversion Dam area and Pumping Station area from the
beginning point of the new road. Incomlng elecfrical works up to the terminal
point near the Substation shall be done by PEA. The underground cable works
from the pole of the terminal point to the Substation shall be included in the
Project works.

2) Substations

Two (2) Substations are proposed, one at the Diversion Dam area and
another in the Pumping Station area. Supply of electric power for the
residences, which may be provided in the future, is excluded from the scope of
the project works, because the power supply area is widely expanded and the
electric power demand is only estimated. This future plan is expected to be
studied by the RID,
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3) Diversion Dam

The Diversion Dam is equipped with five gates, three for the flood
gates, and two for the regulating gates. Each regulating gate consists of an
upper gate and lower gate. Therefore, in terms of gate operation, seven (7)

gates are provided. As'each gate is operated by two (2) motors, a total number
of motors is made up of fourteen (14) units,

4) Pufmping Station

'I‘here are a total of 4 pumps in the pumping station. Those pumps are
driven by electric motor and diesel engine; that is, 3 for 3 KV 350 KW motor
and 1 for 500 ps diesel engine. Electric power, excluding the above, shall be
supplled to the auxiliary equlpment and lighting for the Pump House, the
offices and the premises.

5) Lighting_

To observe the tide protection gates by ITV cameras, the fixed type
11ght1ng fixtures shall be installed to supplement a quantity of light for each
gate, The lighting for roads of a total distance of 8,160 m shall be performed by
112 lamps with 180 W for each and made up to 20 KW for the total load. The
electric power shall be supplied by 380 V divided three (3) systems.

6) Contr01 House

The Control House is located in the Diversion Dam area. The
centralization control system shall be employed to monitor and control the
operation of gates, pumps and all other equipment/instruments equipped for
the Project including the Ban Sang and Nakhon Nayok stations in the
‘upstream of the Diversion Dam. The electric power may be low in demand,
since the electric currents supply for apparatus require only a small electric
charge, such as the control devxces and lighting units and air-conditionerin the
Control House,
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10.2  Type of Load and Required Electric Power

1) Diversion Dam Area
Motor power (34 - 50 Hz - 380 V) for the Diversion Dam is as follows
TABLE 10-1 MOTOR CAPACITIES FOR THE TIDE PROTECTION GATES |
No. of Motor Capacity | Total M_otor Total Con?rol Grand -
Gate ] per one gate Capacity 1 Devices S
_ Gate KW KW KVA | gva Total
I'lood gate 3 1IBE5X2=37 [37X3=111[ 142 [2X3=6 148
regulating| Upper . 2 11 X2=22| 22X 2 =44 81 3IxX2=8 183
gate Lower 2 22X2=44 | 44x2=88[ 16 | . .| -
Total 7 243 1319 12. 331
TABLE 10-2 RATING CURRENT AND STARTING CURRENT OF MOTOR
Motor Capacity Rating Current PBtarting Current
Gate per one motor per one motor
KW
_ A A
Flood gate 18.5 36 180
regulating] Upper 11 23 107
gate | Lower 22 44 227
a) Basic Load and Operation Rules

Based on the values in Table 10-1 and Table 10- 2, the basic lodads of

electric power are calculated as follows

Rated basic load

Starting basic load

Then, according to the method of the above calculations for the basic
starting load, the gate operatmn rules shall be set up for operating (starting)
the first two (2) motors (23.6 KVA X 2 units) for the flood gate, the second two
(2) motors (15.1 KVA X 2 units) for the upper leaf of regulating gate, followed
by two (2) motors (28.9 KVA X 2 units) for Iower leaf of regulating gate in

+12KVA =

+ 12KVA =

14TKVA

= J90KVA

(23.6 KVAX 2+ 151 KVA X 2+ 280KVA X 2) .

(23.6 KVA X 2+ 151 KVA X 2 + 28.9 KVA X 5.2 X2}

sequence after the former motors enter into the normal operation condition.
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The values of the above calculation are presented as the maximum
loads for the operation' of three (3) gates, one flood gate and each the of upper
and lower leaves of the regulating gates. Within a range of the above load,
therefore, these three (3) gates can operate in any sequence.

b) Miscellaneous Loads

- TABLE 10-3 MISCELLANEQUS LOAD

Load KW Notes

No
"1 Controlhouse . 50 4+ 40 = 90 lighting, ete. and control devices
- 2 Electrieity house A 30 lighting, fan, spares
3 Hoist houses 1X6=6" lighting for room
4 Lighting for gates (0.4 X 4) X 10 = 16 4 lamps per gate, fixed hghtmg
5 ITV 2+05=25 U/S right bank, lighting, camera control
6 ITV - 24+05=25 U/S left bank, do.
7 ITV T (2 +0.5)X2 =50 D/Sleft,rightbank, do.
8 Water gauge stations 06X2=1 U/S, D/S right bank lighting
9 Water level and salinity 1 X2 =2 U/S, D/S left bank lighting & elec. source
observations stations 3.16 km long down stream side
10 Road lighting 0.18 X112 + 21  around control house & substation
11 Premiseslighting =~ 018X 10=1.8
Total + 178

c) _Control House, Laboratory and Dormitory
The power loads to these facilities (Table 10-4) are projected figures

only, because the basic plan as well as construction program are as yet
uncertain.
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TABLE 10-4 PROJECTED LOADS FOR CONTROL HOUSE, ETC.

e Arveaon | Effective 9 Demand g,
No. Bulld.mgs drawings | = area W/_m "Factor Total
1 [Office 2,640 m?| 1,850 m® 109 80 % 161 KW
2 [Control house - - .- - T
3 |Soil mach. laboratory 936 650 70 50 23
4 |Warehouse 920 640 109 80 56
5 }Tele-communications 720 500 109 80 44
1oom .
sub-total 5,216 3, 840 5 284
6 [Lounge 900 630 109 80 55
7 |Training center 2,752 1,930 T0 BGo 68
8 |Cafeteria 1,452 1,000 109 70 T8
9 _1Cooking room 1,192 830 109 20 81
' sub-total 8,296 4,390 _ 280 .
10 {Dormitory 882 620 . 109 70 A7
11_ | Ditto -~ 882 . B20 109 70 47
sub-total 1,764 1,240 94
Total 13,276 9,270 658
Note: ValueWm® = 109is qunted from “{hie mean value of office hmldmgs inTokyo” .

on data book of Tokyo Electric Power Co., 1975.

d) Residential Quarters and H_o’usehoi_d_s |

Number of households in the residential guarters is shown in Table 10-
5. In addition, there may be other 'facilities,_like'a-canteen; in the quarters.
However, only vague data regarding other facilities ave available.” Then, the
power load to the residential quarters has not been included in the project
facilities, as previously stated, expectmg that thls power supply will be
implemented by the RID when the necessity arises.

TABLE 10-5 RESIDENTIAL QUARTERS AND HOUSEHOLD

Househbld

Rank

9 1
7~ 8 16
B~ 8 24
3~ 4 24
1~ 2 108
Laborer 228
Total 461
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¢) Max. Starting Power for Diversion Dam Area

TABLE 10-6 MAX. STARTING POWER FOR DIVERSION DAM AREA

No Item KVA

1 . 1-Flood Gate, 1 - Upper and Lower Regulating Gate 390
2 Misc. load, refer to Table 10-3 (power factor = 80%) 210
3 Assumed load of control house etc., refer to Table 10-4 T4

Total 1,374

In accordance with the above table 10-6, the transformer capacity shall
 be 1500 KVA, If the power demand is increased to more than 1500 KVA in the

future, it is expected that the RID will take the appropriate measures to cope
with such increase.

2) Puinping Station Area
a) Load Capacity for Motors and Diegel Engine

TABLE 10-7 POWER FOR PUMPING STATION AND OPERATION RULES

No Name Type of motor Capacity in operation
1 No.1Motor 350 KW Cagetype (1) Starting = (350KW X 2+ 350kw X 3.9)/0.8
2 No.2 do, do. = 2580 KVA
3 No.3 do. do. (2) Rated ope. = (350KW X 3}/0.8
N = 1310 KVA
‘4 No.4D. Engine - (3) Auxiliary equip., lighting, etc = Approx. 100
B0Ops . KVA

Total (1) Btarting time 2,680 KVA
. (2) Rated operations 1,410 KVA

-.O:peration procedure is similar to the operations of the tide protection
gates; that is, starting one by one, gradually.

b) Eleetric Power Required for Auxiliary Equipment Operation

_ Electrié_power of 25 KW is required for the operation of auxiliary
equipment for the main pumps (refer to Table 10-8).
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TABLE 10-8 LIST OF AUXILIARY PUMPS FOR MAIN PUMPS AND
| THE NUMBER OF UNITS

Name of Pumps | No of Units & Remarks

Discharge valve -4

Priming pump for gear 4

Priming pump for diesel engine 1

Air-compressor - 2 1- standby
Gear pump for fuel supply 2 do.
In-plant drainage pump 2 do.
Pump for cooling system 2 do.

c¢) Other Load

Besudes the loads of prime movers and motors for auxiliary eqmpment
the additional loads are estimated to be about 35 KW for an electric power
source for control apparatus, power and lighting in the Pumping Station,

3) Emergency Generator and Load for Service Interruption

The emergency generator shall be placed in two sets, one for the
Diversion Dam and the other for the Pumping Station, separately.

TABLE 10-8 LOADING CAPACITY OF EMERGENCY GENERATOR

No Name  Capacity Main Load Other Load.

1 Diversion DamArea - 270KVA 289 KVA X 2 40KVA
2  Pumping Station Area 60 KVA Aux. equip. 12.5 KVA 17KVA

a) In deciding the maximum load for the emergency genei'ator of the
diversion the following motors shall be used. Two (2) units of 22 KW and
2 units each of 11 KW and 18.5 KW. The gate operations should not be
started at the same time. The main load for Pumping Station is
auxiliaries equipments for D. Engine 500 ps,

b) Miscellaneous Loads are as Follows:
DiversionDam ............. Power sources for the ("ontrol House with

of 20 KVA and lighting for securlty

3-181



_Pumping Station ........... Ceiling ventilation fan required for the
| diesel engine operation and the
necessary lighting.

4) Condenser for PdWer Factor Improvement

Capacity of condenser for improvement of power factor is calculated on
the basis of no-load loss of transformer and the loading capacity, as stated
below:

DiversionDam ............... 360 KVA
Pumping Station ............. 400 KVA
Where, power factor is 95%.

10.3 22 KVIncoming Distribution Line

Incoming distribution line shall be undertaken by P.E.A. in both
materials supply and construction works but these costs are included in the
Project costs. However, the PEA will undertake only the overhead distribution
line. The underground cable from lead-in terminal to both Substations for
Diversion Dam and Pumping Station including materials and construction are
implemented by the Project.

1) ~Capacity of Branch Distribution Line

TABLE 10-10 PEA STANDARD

7 Current (A) Capacity (MVA)

] Size
Material

(mm?) 22KV 33KV 922KV 83KV
50 225 225 8.6 12.9
95 340 340 12.9 19.4
120 390 390 14.9 22.3
HAL 185 520 520 19.8 29.7
9240 625 625 23.8 35.7
400 855 855 32.6 48.9

625 910 - - ]
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Size of the existing branch distribution line is 36 mm? in the sectional
area. But this line shall be replaced with a line with a section area of 240 mm?
for electric power supply. At present, loadmg power is assumed to be 6.3 MVA
in the maximum. By adding this 6.3 MVA to 1.5 + 8.0 = 4.5 MVA required for
the Project, a total of 10.8 MVA is obtained. This 10.8 MVA is only 45% of the
power load of 23.8 MVA allawable for a sectional area of 240 mm? under 22 KV,
Therefore, this size of cable will be out of the guestion in the electrical system.

2) Route of Branch Distribution Line

The route of the branch distribution line shall be determined as
follows:

The branch distribution line shall branch off_ fhe F-6 main distribﬁtion
line located along national road No. 304 and bifui*cated at the 22 KV
distribution line branch point as shown in Fig. 10-1. Then one line shall be
provided with overhead wiring to the Substation for the Pumping Station along
the new right main canal and another line shall be supplied with overhead
wiring to the Substation for the Diversion Dam along the upstream side of the
new road. Lengths of cable from the bifurcation point to the Dj.ve_i*_sion Dam and
the Pumping Station are about 3 km and 4 km, respectively, and 7 km in total.

3) Signal Cable
In the project, the remote- control system shall be applied ivhich will be

able to control the major equipment of both the D1vers10n Dam and Pumpmg
Station at the Control House.

Signal ca’ble shall bé wired on the 722 KV p'ol'e: along __the 22 KV

distribution line from the Pumping Station to the Control House. These works
are included in the Project works. |
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