A~3 TANK MODEL METHOD FOR RIVERFLOW ANALYSIS






1. BASIC CONCEPT OF THE TANK MODEL
1~1  Structure of the tank model

 Tank modél is a siméle'MOdel,composed of several tanks laid vertically in
series as shown in Fig.1. Raln water is put into the top tank. Water in each
tanks partly discharges through side outlets and partly infiltrates to the next
“lower tank through bpttom_outlets. River discharge can be simulated by the sum
of output from side outlets. We can image that the tank model corresponds to

zonal structure of groundwater as shown schematically in Fig.2.
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'3—2,”Behaviour‘of thg:tank!model .

In spite of its simple structuré, response -of the tank model is not so

simple showing various response correspdnding to types of input rainfall. In the
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case of the tank model composed of three tanks, where the tdﬁ téhk.éorre3§6nds
to surface flow, the second tank to intermediate flow and the third tank to base
flow.

If amount of rainfall or its intensity is sméll, water storage in the top
tank and the second tank does not rise Up to the level of side outléf and input
water goes to the third tank without any dischérge from the top and the second
tanks as shown in Fig;3 a). As the base flow is very stationary because of the
large amount of gfoundwafer strorage, it shows scarce change in river &iéchargé
by small supply of rain water. Accordingly, there appears scarce change in
river discharge by such rainfall with small intensity.

If there is some amount of rainfall with small intensity, water storage in
the top tank does not rise up to the level of side outlet, but water storage in
the second tank rises up to the level higher than the side 6utié£,'from ﬁhich
intermediate flow discharges, as shown in Fig.3 b). In this case, riéer
discharge slowly increases a little and disappears gradually. | 7

In the case of heavy ralnfall with ‘large intensity, the tank model shous
the state shown in Fig.3 e¢). In this gase, there appears large dlscharge ‘which
is wainly compdsed of surface flow. The surface flow deéreaées quickly and
there remains intermediate flow wnich is felated to the siape part of the peak
discharge. |

In the case of very heavy rainfall with short time duration, the ﬁank model'
shows the state shown in Fig.3 d) for a while. In this case, large 5urface flow
appears without intermediate flow. After that, the state ohanges.to the one
shown in Fig.3 ¢) and intermediate discharge appears. |

In some case of not so large rainfall.kith_short durétion, there appearé
only surface flow without any intermediate flow.

The tank model shows such various response corresponding to the éhafﬁétéf

of input rainfall.
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1-3 ' Time constants of the tank model

Each tank of the tank model can be
regarded as a linear tank by moving- the
side outlet or outlets to the bottom as
shown in Fig.d. This linear tank model is
called an incomplete integral or a first I,____a
order lag s&;tem with the time constant g
of [.1'/(:&'+ 8)1, where both stbr.age and .Fig. 4
outputs decrease exponentially in the '
form [ ¢ xe ¢ ] when there is no
input supply. '

.By such a. linear appfoximation, computed discharge by the tank model is
composed of several expongntial-componentS'éééh HaVing their own time
constants. For analysis of daily discharge by'&aily“input data, the modgl'with
| foﬁfﬁtaﬁksZaEIShowﬂ'in'Fig{i 1s often appllied, where time constants of each
cdﬁﬁbhéht%rﬁfé:h'day‘Orfa“Té# days, several days of“aﬁdﬁﬁ'téﬁ”days, a few -
nonths arid’ years respeotively. |
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1-4  The tank model for flood analysis

On the other hand, the tank mbdel with two or three tanks as_shownFin Fig.b
is usually used for flood analysis. More two or three tanks should be required

under this structure if wishing to represent

[ﬁﬂ the total discharge components_completely,
[i: : however, these lower tanks can be neglected
L_jr__jnw_ ' because of their loﬁg tine §09$t§nts. These
[ﬂ_ | components are stationary and they show only
small cﬁange during flood and moreover they
P_Wf“—{"— are very small values campared with flood
' :
é %:1 components. It can be assumed that these .
h_}?-- components are cqnstant'during_thg flood and
constant a constant.discharge can be applied instead-
discharge of these stational components. . |
Fig. 3 - For flood analysisg the time constant

of the top tank changes relating with éatqhment area in rough appfoximation..
That relation is given by follouing formula_from various analyses about Japanese

river basins: _
T= 0.154s
where T (hour) is the time constant and S (km?) is the catchment:area. The time

constant of the second tank is usually estimated to be about'fiye times of that

of the top tank.

2. CALIBRATION OF THE COEFFICIENTS

In spité of the long term research, no mathematical or objective:method for
coefficient calibration has developed because of yarieﬂy and complexity_pf soﬁi

mechanism. Nevertheless the automatic calibration method ﬁas developed

A~ 238



recently..finél adjustment had to be dotie bj human'judgement, and trial and
error method 1s still the most effective vay. '
© ‘In general, é‘o‘effi‘cieht‘s of upper, first and second, tanks have relation to
amount and shape of Plood peak, and coefficients of lower tanks havg‘felatibh
to base flow. Primary calibration methods and its effects ére as folldﬁs:
a) If some runoff component is too large, decrease the runoff coefficlent
- of the corresponding tank and increase the infiltration coefficient of
the same:tank, and vice versa.
b} If some runoff compopént deCPQase_top fast, decrease bpth runoff and
1nf11trétion'coefficients of the corresponding tank, andlvice versa.
¢) If peaks of calculated hydrograph are smaller than the_observed one,
increase.the rﬁnoff.éoéfficient of fhe upﬁer dﬁtiet of the top tank,
and vice versa. | . _
ay If the.ba$e lew component is too lérge,'deCPéase”the infiltration
coefficient of the third tank, and vice versa.
Besides the above factors, the influence by evapo-transpiration may be not
negligible in the runoff analysis éf.thé.ﬁasin.with'consideréble evaporation as
-trqpiéal region. Modif'ication of evap0“transpira£ion coefficients can be often

an effective way.to'adjust'total amount of runoff.

3. APPLICATION TO TﬂE HYDROLOGICAL ANALYSIS OF THE NAM YUAM PROJECT
3-1 . Genaral flow of the analysis

Runoff data from Sop-Han and Ban-Thé Sua-wefe adopted for the hydrological
analysis of ﬁhe Nam: Yuam Project,.howeﬁéf;‘the'periods of hoth existing data
.wereﬁjnged'ﬁo be not sqfficient for the analysis. Tank model method was
applied to]extéhﬁ'thESé'rUhOff"datatﬁéiﬁg ﬁrecibitatfcn data from Mae Sariang
and Khun Yuam. = | |
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General flow of the analyzing process ls shown in Fig.6. The tank model
used in this study was composed of a series of four tanks having the soil
moisture structure in the first tank, which is evalusted to be sultable for

runof £ analysis of the regionrwiﬁh a long dry season.
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‘Fig.6 Analyzing flov of establishment of tank model
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3-2 Calculation of Ban Tha Rua runoff data

{1) Used data
a) Verification period: 13 years (1969 ~1981)
b) Precipitation data :
Daily data from Mse Sariang and Khun Yuam, 1969~ 1981
¢) Evapdfation data |
Monthly average data of 14 years (1970~1980, 1984~ 1986) from Ban Tha

Rua

(2) Assumption of initial conditions
a) Weight of precipitation (WE) -
Considering fhe difference of two stations' assigned areas, weights of
- both data.were assumed as follows:
RE war saniawe = 0,7XS
CRE ivw vua = 0.3%8
whers:S is the catchment area of 5,770 km?.
b) Adjustment coefPicient of precipitation (CPM)
CPM = 1.0 (for all months)
¢) Evapo-transpiration’ - |
Assumed as ‘70% of monthly evaporation data. "
d) Adjustment cbefficient10f evapo-transpiration (CE)
CE = 1.0 (for all months)
(3) ‘Runoff: and infiltration coefficients of initial tank model
In the casé that the catchment_area is less than 10,000 km?, ‘standard
Valueé-of runoff an&rinfiltration_coefficients are ‘obtained: by following
forhula:
Ao = A/ = A: = 1/ (0.3 xJs)

Be = B = A/ 5
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Co=Ci. =B /5
where Ay, By and Co are infiltration coefficients, Ai, Az, B and Ci are runoff
coefficients; and S is the catchment area. All the coefficlents were obtained as
follows with the figure of 5,770 km® for S:

Ao = A = Az = 0.05

Bo = By = 0.0

I

Co = C 0.002

Do 0.0 (const. )

il

i

D: = 0.0003 (const.}
(4) Optimization of initial tank model

Through several trial calculations, some coeffficients were modified.

a) Increasing and decreasing rates of calculated hydrograghs werée larger
than those observed hydrographs, then runoff coefficients of. each tank
were modified about a half of standérd values. |

b} Calculated runoff were smaller than observed runoff through all the
calibrating period, and this tendéncy was found obviously in rainy
season (from April to September), then adjustment coefficients of
evapo~transpiration were modified as follows:

From April to September CE = 0.8

I

From Qctober to March - CE 0.94
(5) Analysis by automatic calibration method

After the above modifications, initial tank model was establiShed;
Automatic calibration analysis was performed ﬁsing this-initiél modeleith a
limit of nine iterations.

Final model showed a better result than initial model, and final model wes

adopted for expansion of Ban Tha Rua runoff data.
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3-3 Calculation of Sop Han runoff data

(1) Used data
a) Verification period: 15 years (1967 ~1981)
b) Precipitation data : |
Daily data from Mae Sariang and Khun Yuam, 1969~ 1981
¢) Evaporation data

Monthly average data of 17 years (1967~ 1980, 1984~1986) from Sop Han

(2) Assumption of initial conditions
- a) Helght of.precipitation (WE)
- Considering two stations' assigned areas, weights of both data were
assumed as follows:
HE mae sanrane = 0.5XS
WE woun voan = 0.,5XS
‘where S is the catchment area of 2,490 kn?
b) Adjustment coefficient of precipitation (CPM)
CPM = 1.0 (for all months)
¢) Evapo-transpiration .
Assumed as 70% of wonthly evaporation data.
d) Adjustment coefficient of evapo-transpiration (CE)

CE- = 1.0 (for all months)

(3} 'Runoff and infiltration coefficients.of initial tank model
. Standard values of runoff and infiltration coefficients are obtained by

following -formula: -

i

Ao = A = A2 =1/7(0.3 xJs)
“Bei = By =cA0 /5
Co = C) = Bn/5

where Ag, Bo and Co are infiltration coefficients, A, Az, B and C, are runoff
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coefficients, and S is the catchment area. All the coefficients were obtained as
follows with the figure of 2,496 kam?® fbr S

Ao = Av = Aa 5 0.07

Be = B/ = 0.014

Co = Ci ~ 0.0028

Do = 0.0 - (const.)

D, 0.0003 {const.)

I

{4) Optimization of initial tank model

Through several trial calculations, some coeffficients were modified.-

a) Increasing and:decreasiﬁg rates of calculated hydrograghs were larger
than those of observed hydrographs, then runoff coefficients of each
tank were modified about a half of standard values.

b) Calculated runoff was smaller than observed hydrographs during ralny
season (from April té September) and it was oppositely lérger than
observed hydrographs in dry season (from October to March), then
adjustment coefficients of evapo-transpiration were modified as
follows:

- From April to September CE = 0.8
1.23

il

Fron Octoker to March CE

(5) Analysis by automatic calibration method

After the above modifications, initial tank model was estahliéhed.
Automatic calibration analysis was performed using this initial model with a
limit of nine iterations.

Final model showed a better result than initial model, and finél model wasg
adopted for expansion of Sop Han runoff data. |

Final values of major coefficients applied for the runoff data generation

are shown in Fig.7 on next page.
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- Ao 0.0416 0.110
- A 0.0262 . 0.030
Az 0.0262 . 0.0424
Be 0.0094 C 0.6
Ba -~ 0.00%0 0.0066
Co 0.0022 0.00u8
Cy 0.001 10.0013
Do 0.0 0.0 -
D, 0.0003 0.0003
Ha; (mm) 10 10
-
HAz (mm) 60 60
HB (mm) 10 10
—
HC (mm) 10 10
HD {mm) 0 0
——
S (mm} 50 50
Sz (mm) 250 250
K. 3 15
K. 3 16

Fig.7 Adopted tank model and coefficients
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3~ Final result

In this study, following conditions were assumed for the culculated results

in order to perform the accurate analysis:
| a) Thé'absolute accumulated diffefence between measurea value and estimated
of the annual total runoff shall be zero or negligible.

b) Average ratios of the differencé between actually measured value and

'estimate& of monthly runoff shall be within 20%.

The results calculated by'respect1Ve final tank models showed thét they
were suffiCignt to satisfy the above conditions and after that, data generation
was made for required'periods of botﬁ Ban Tha Rua and Sop Han runoff data using
final models. |

Hydrographs of Soth sites calculated by final models are attached herein-

after in this appendix.
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A-~4 - PROBABLE MAXIMUM FLOOD

l. Preparation of Tank Model.?araﬁeteré in Basin
(1) Sub~basin No. 1 (upstreaﬁ basin of the Sop Hon 8.8.)

" Data ugsed: runoff - hourly staff gauge heights during floods

‘and rating curves at the Sop Han G.S.
rainfall - Haily rainfall at the Khun Yuéﬁ, Mae TLama
'Lhang and Sop Han St.
Floods coﬁcernéd : Jﬁly 17 - July 23, 1971

Sep. 14 - Sep. 21, 1877
Aug. 22 ~ Aug. 31, 1980

Area covered by . : 832 ka for each station .
rainfall station (total catchment area = 2,496 km2)
Rainfall coefficient: Khun Yuam St. 0.3

Mae Lama Luang St. 0.3
Sop Han St. 0.6

Results of floods' simulation by tank model analysis are shown on
Tigs. 1~-(1), 1-(2) and 1~(3).

(2) Sub-basin No. 2 (the Rit river basin)

Data uged: rtunoff ~ hourly staff gauge heights duriqg floods

-and rating curves at the Ban Mae Suat G.S.
rainfall - daily rainfall at the Ban Mae Suat St.

Floods caoncerned t Aug. 12 - Aug. 19, 1984
Sep. 16 — Sep. 23, 1985

Area covered by : 1,376 km? for the Ban Mae Suat St.

rainfall stationm

Rainfall coefficient: Ban Mae Suat St. 0.5 .
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(3)

Results of floods' simulation by tank model analysis are shown on

Figs. 2-(1) and 2-(2).
Sub~basin Na. 4 (the Ngao river basin)

Data used: runoff ~ hourly staff gauge height and rating curves

at the Ban Mae Ngao G.S.
rainfall - hourly rainfall at the Ban Mae Ngao St.

Floods concetned t Aug. 13 -~ Aug. 23, 1984
Aug. 25 - Sep. 8, 1985

Area covered by : 935 km? for the Ban Mae Ngao St.

rainfall station
Rainfall coefficient: Ban Mae Ngao St. 1.0

Results of floods' simulation by tank model analysis are shown on

Figs. 3-(1) and 3-(2).
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2. Estimation of Probable Maximum Precipitation

(1)

(2)

General

Probable maximum precipication (PMP) can be estimated from_

equations helow.
PMP = (actual rainfall amount during a flood)*(maximizing factor)

Maximizing f _ (maximum precipitable water during ficod time)-
aximlzing factor = v Sual precipitable water during flood time)

Maximum Precipitable Water
1) Estimating Procedure

The estimating procedure of maximum preciplitable water is

shown on the following flow chart.
2) Maximum Precipitable Water

~ Data used: Temperature (max., min.)¥*
Sop Han St. 1967 - 1985
Ban Tha Rua 1971 - 1985
Salawin 1970 - 1980

Relative Humidity

Sop Han St. 1971 -~ 1985
Ban Tha Rua 1971 - 1985
- 1981, 1985

Salawin 1871

* Temperature data for some periods are lacking,
for which period there were_rélative humidity
data. Hence, lacking temperature data are
supplemented by correlation analysis between

stations.

A - 272



[ Air Temperaiure-

Saturated
Vapor Pressure

Actual
Vapor Pressure

P

~Mox. Vapor Pressure
in IS successive days

- Relative Humidity

.Max. Dew Point Temperature
in 15 successive days

' Max.'i{jew_‘ Point Temperature
at 1000 mb o
in 15.successive days

Dew . Point - Temperature -
for 50~year return period
at 1000mb in

| 15 successive days

_Envelope  Curve -of -
Dew Point Temperature
_ fo_r_ 5_0__—yec1r_ return period

|

Max. - Dew: Point Temperature

for flood. period.

1 _
Max. Precipitable Water
for flood period
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- Saturated vapour pressure {(es)

Saturated vapour pressure {es nb) of a day is derlved from

Fig. 4 (Variation of Vapour Pressure with Temperature at

Percentages of Saturation).
-~ Actual vapour pressure (e)

Actuﬁl vapour pressure (e, mb) of a day is derived by a

equation below.
e = es * RJH/100

where, e : actual vapour pressure {(mb)
es : saturated vapour pressure {mb)

R.H: relative humidity
- Max. vapour pregsure in 15 successive days (e max.)

In order to estimate the maximum precipitable water during
flood time, waximum vapour pressure (e max.) in 15 sue-

cessive days is found for each month.
- Max. Dew point temperature in 15 suécessive days

Maxiwum dew point temperature in 15 successive days is
derived from maximum vapour pressure’(é max.) in 15 suc—
cessive days by using Fig. 4, and further be reducted at
1,000 mb. ' o '

~ Dew point temperature for 50-year return peribd at 1,000 mb

in 15 successive days

In order to draw envelope curves of dew pbint'temperatufe
for 50~year return period, maximum dew point temperatures at
1,000 mb in 15 successive_days for;obéérvation periods are

analysed with a normal distribuiion.

Plots of maximum dew point temperatures at 1,000 mb in 15

successive days and of dew pbint temperatufes for 50-year

return period, and envelope curves are shown on Figs. 5, 6
and 7. ' '
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-~ Max. precipitable water during the flood period concerned
(May 20 - May 25, 1980)

The waximum prégipitable water during the flqod periodfcon—

cerned is estimated to be 116.2 mm as shown below.

Max. Précipitable Water

Item E Unit Description
1. Flood period concerned - | May 20 - May 25, 1980
2. Max. dew point temperature °c 31.7 (Sop Han)
at 1,000 mb according to _ 33.0 (Ban Tha Rua)
envelope curve 32.6-(Salawin)

32.54 (average)

3. Precipitable water ] mm ~150.7
{2060 mb - 1,000 mb) :

4, Precipitable water | mm 34.5
(200 b -~ EL. 1,200 m *y '

5. Precipitable water _ mm - 116.2
(EL. 1,200 mt -1 ,000 'mb) ' ‘

*): EL. 1,200 m - topographié-barrier

The precipitable water corresponding to a dew point tem—

perature is estimated from Table 1.
{3) Actual Precipitable Hater

The actual ﬁrecipitable water during the flood periocd concerned
(May 20 - May 25, 1980) is estimated 78.5 mm as shown below.
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Actuzl Precipitable Water

Iten Unit Desgeription
1. Flood peried concerned - Méy 20 F‘Hay 25, 1980
2. Max., dew point témperature °C 27.2 {Sop Han)
at 1,000 mb during the flood 29.0 (Ban Tha Rua)
concerned 29.4,(Salawin)
28.5 (average)
3. Prétipifable water mn 108.5
(200 mb ~ 1,000 mb)
4. Precipitable water ™ 30.0
(200 mb ~ EL. 1,200 m™) -
5. Precipitable water mm - 78.5

(EL. 1,200 m* - 1,000 ub)

#): EL. 1,200 m = topographic barrier

{(4) Maximizing Factor

A maximizing factor is estimated as below.

Maximlzing Factor

_ maximum precipitable water during flood time

" actual precipitable water during flood time

116.2/78.5
1.48

q
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1.

A~5 DAM BREACH ANALYSIS

Nam Ngao Dam Breach

7T bdrder to obtaln hydrographs of Che river dlschargé and the river

‘water level at Baa Mae Kha Tuan approximately 17 ka upstream of the

conjunction of'the Nam. Ngao river and the Yuam river when the Nam Ngao

SO

‘**Namfﬁgao‘vam“ e

Reservoir water level when breached:

! Blévation of -breach bottom

Side slope of breach
Width of breach bottom

Breach time

Mae Lama Luang Dam

‘Initial reservoir water level

Reservoir water level when breached

Elevation of breach bottom

Side slope of breach
Width of breach bottom

Breach time

u“Condltions of the caICulation are shown helow.

270 m (N H.W.L.)

160 m

45°
80 m
1h, 8h

165 m (N.H.W.L.)

168.5 m
62 m

45°

80 m
1h, 8h

dan breaches, a calculation of flood wave propagation was carried out.

'NamlN'ao bam Mae Lama Luang Dam
Width of Breach Width of Breach
Breach Time Breach Time Manning n
Bottom . Bottom
(m) (hrs) (m) {hrs)
(Hax treach) 80 1.0 80 1.0 0.04
(Min. breach) 80 8.0 80 8.0 0.04
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The hydrographs of the river discharge and the river water level at Ban
Mae Kha Tuan for the maximum breach case and the minimum breach case

are Indicated in Fig, ! and Fig. 2 vespectively,

PMF of Nam Ngao Dam

In order to obtain a hydrograph of the river water levels. at. Ban Mae

_ Kha Tuan when the PMF discharge occurs in the Ngao viver, a calculation

of flood wave propagation was carvied out.

The-PMF hydrograph in Fig. 5#2& of the Finél :eﬁort wés‘used‘1n the
calculation, The initial river discharge at Ban Mae Kha Tuan was set
1,100 m3/sec - 1,500 m3/sec which correspond to the river water level

of FL., 164 m — 166 m at Ban Mae Kha Tuan.

The result of the calculation showed no change of the river water level

at Ban Mae Kha Tuan.
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1.

A=6 HYDROLOGICAL FORECASTING SYSTEM

Hydrological Forecasting System (alteranative)

Ad:oﬁjective of establishing the alternative hydrologieal forecasting

"system Tn the Yuam river basin .is to estimate future states of hydrolo-

ngcal phenomena in real time, for example, to estimate the natural

inflow into the reservoir 7-day ahead.

The forecasting system is composed of three different sub-systems

below.

' Data eollection

- Data transmission

~ Hydrological modelling
(1) Data Collection

The collection of rainfall data is taken at the following five

stations Khun Yuam, Mae La Luang, Mae Sarlang, Ban Mae Ngao (or

r"ﬂflfupstream of the Ngab river), Bam Tha Rua.

(2) Data Transmission

The rainfall da£a collecteé at the above stations is transmltted
to the Mae Lama Luang dam site through two relay stations by VHF
.radio wave at a vequired time intecval. (See Flg. 5-40 in the

" Haia Report)

Since the number and the location of relay stations are tem~

porartly decided, they should be examined at the next stage.
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(3

(4)

Hydrological Modelling

In order to estimate the reservolr inflow from the railnfall data,
a hydrological forecasting model is established in development and

operational mode.

The tauk model is recommended as the hydrologiﬁal forecasting
model in the Yuam river basin by reason that the reliability of
the tank model in this basin is already verified by this study.

Installation Cost

The idstallation cost of the alternative hydrological fqrécasting
system is roughly estimated 28 million Baht shown in 2 table

‘below, which cost is not including the establishment cost of the

hydrological forecasting model in development and operational

node.
Table 1 Installation Cost of Alternative
Hydrological Forecasting Systenm
' (Million Baht)
Description - Unit | Quantity | Unit Price }. - Cost
1. Rainfall Station 1) Station 5 2,0 10.0
2. VHF Relay St. 2) Station 2 3.2 6.4
3. Main Terminal 3) Station i 3.0 3.0
40 CPU 4) ] Lch 1 - 5.0
5. Others 5) L.S. 1 - 3.6
Total . o 28.0
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By 5i"5Noté‘l)- Tnstailation'cost of a.rainfall station is listed for

P L - «detailed items below.

Measuring equipment ‘ 0,30
Radio equipment ' 0.16
‘Solar battery : - 0,20
Rain guage & auxiliaries ° 0414~
. House construction 0.60
Installation - 0.60

Total . 2,0 million Baht

i

The unit price of 2,0 million Baht is a rough estimate to install
a new rainfall_statiou.' Detailed estimation should be carried out
"1f ‘existing facilities or equipments coﬁid'be used or not by a

detailed investigation of the existing rainfall station.,

Note 2) Installation cost of a VHF relay station is listed for

~ detailed items below.

Relay equipment 0.70
Radio equipment  0.64
Solar battery (2 units) 0.40
Auxiliaries ' C 0,34
House éonstruction 0.60
Installation 0.52
Total 3.20 million Baht

The ﬁnitgprice of 3.2 miliion Baht is a tempofary esti-
mate, and .a detailed study should be carried out to
determine the number of VHF relay stations and their

location.
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Note 3) Installation cost of the main terxminal at the Mae Lama

Luang power station is listed for detailed ftems below.

Observatory equipment o 1.20
Prtntiﬁg device - 0.24
Operation panel - 0.44
Auxillaries Lo 0.52
Installation =~ 0,60
Total 3.00 million Baht

Note.4) The cost CPU includes the cpu, on-line control progrém

and CRT display.

Note 5) Other cost is roughly estimated_for the inléhd Eranspor-

tation of equipments to the site.

A -~ 290



.12, . Runoff Analysis (ARMA Model) Method
H2.l -dﬁtline.of ARMA Model-Method

The conitioné required of a rupoff model for predicting flood are as

" follows:
i) That the model is simple and calculations can be made rapidly,
\:?i);iT?%t_thénﬁaramétérs Qf:thé ﬁrédigtion ﬁodel are étéble,
iii) That the'accuracy of prediction is high, and
7iv) That the:céiéuLétiqn:qcﬁél hgérbeen'structured.dn a physical basis

It may be.considered'thét.the'AﬁMA Model Method -is a run—off model
which statisfies these.cdnditions. There are two ways of predicting
floods by therARMA_Hodél Method: (1) a method of predicting flood
dischargé from floéd discharge data oﬁly, and (2) a.method of.pré-

. dicting -flood discharge from rdinfall data.

. The method of predicting flood discharge from discharge data only is

_ acqording to the procgdqré_ﬁelow,

i) Discharge-time series obtained from time to rime are passed
through a numerical filter each time and are divided into ground-
_ water runoff components and intermediate-surface runoff

.components,

"ii) TEtfective component rainfall-time series are individually calcu-
" " {ated inversely by the ARMA Model Method based on the individual
component runoff-t ime éefies.' Methods of inversely calculating

available are the direct method, SLQ method, and LP method.

. iii) Future rainfall is predicted from the time series of the indivi-
;duél component rainfalls {groundwater component rainfali,

intermediate-surface component rainfall),

A - 291



iv) The runoffs of the individual component systems are predicted. from
these rainfalls and the total flood discharge is predictéd from

these,

In the method of predicting flood discharge from rainfall data, the

step of ii) above is altered as follows:

ii-a) The measured rainfall is separated into ground-water component
rainfall and other components according to the nonlinear separa-

tion law,

ii-b) The other_compdnent rainfalls are separated into intermediate-
surface component rainfall and loss component vainfall in accor-

dance with the partial source area law.

2.1.1 Runoff Prediction from Flood Discharge Data

When discharge data can be obtained incessantly, the flood discharge
until several hours later than the present is predicted. 1In such
case; rather than simply applying the'pfediétion theory to the
discharge data, a high prediction accuracy can be expected by inver-
sely caleulating effective componén; rainfall by discharge-time

series.

This method consists of repeatedly applying the dischérge analysis
teehnique according to the ARMA Model Method each time that flood
discharge data are received, using the iaversely estimated rainfall
data obfained as a result to predict futﬁfé rainfaii, and pfedicting

flood discharge from these rainfall data,
The procedure in concrete terms is as follows:

1) Discharge—time series data are passed through a numerical
filter to separate into ground-water runoff components and

intermediate~-surface runoff components.

2) From the individual component runoff-time series, the indi-
vidual effective component rainfall-time series are inver-

sely calculated by the ARMA Model Methed (inverse
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Q@ ): 

: egtimation of rainfall), Methods of calculating available

-are the direct method, SLQ method, and LP method.

__3) ?foﬁ these inversely estimated rainfalls the runoff amounts

of the individual component'systems are calculated using
the AR equation, and the total flood discharge is obtained

aggregating these runoffs.

Comboneht Séparétion of Discharge

" Yt is widely known in conéept that® rundff is made up of a

"nuiber of c0mpbhent'systems;-'AcCordingiy, tHé'discharge—time

Serles y1 up to the present tlme i is separated into momentary

‘”undergr0und runoff component yi (l) and 1ntermedlate—surface

runoff component yi (2) u51ng a numerical fllter whose charac-
teristics are determlned by the past gradual flood decrease

curve.

fi

yl(l) aEini—j,

yl(2) = yi = yi (1) (2.1-1)

where,_ ;- weight coefficient

'Hefé,'if necessar&, the second compdnent”yi(z) is Further

separated. into two components._.

inverse Calculation of Effective Rainfall

" Actual rainfall changes form while infiltrating through soil to

become  effective rainfall components for a runoff system. The
separation of the rainfall into each runoff system is nonli-
near, but the runoff system itself can be handled as being

linear. If one response system is linear and the dynamic

'Eharacteristics-(unit graph, AR coefficient, etc.) of the

system are known, it will be possible to estimate output

_(dischargé) from iﬁput (faiﬁfall)'”bf course, and conversely,

to 1nverse1y calculate input (ralnfall) from output

”(dlscharge)
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(3)

With the ARMA Modal Method, raldfall in uhits of an hour has
the nature bf white noise, and the characteristic of the systme

is estimated usinv this nature. In effect, the component

'discharge yi(l) is expressed as follows by Lhe AR equatton:

i(l) = a]_Yi 1 + azyi -7 + 33)’{ -3 F sses tTE
, S (2.1-2)

‘-If discharge~time series Yi (1) (i 1, 2,4....) is given,

even though white noise £ ie unknown, the AR coefficient can be

- estimated by methods such as the Yule-Walker method and the

Barg method, and the characteristics of the system-determined.

Regarding the characteristics (unit graph AR coefficient) of

' the system, it will be necessary for them to be decided per-

formlng runoff analyses beforehand.
Inverse Estimation of Effective Component Rainfall

Prediction of floed, in casthhe‘predict;on time is ghort, can
be done by discharge-time series, but to accurately predict
flood for a prediction time which is of a certaln length, it is

necessary to predict rainfall which is the input.

However, it 1s necessary first to sgeparate actual rainfall into
individual eomp0nent systems, or to estimate component rainfall

by some method. Accordingly, since the white noise € is Eq.

- (2.2-2) corresponds to rainfall, Eg.. (2.1~ 2).13 altered and the

.component rainfall is inversely calculated by. ‘the following

equation.

Xi"'l(l) = (yi(l) - alYi_l(l) - 32Yi.—2(1) ‘u-)/Ab

where, 1 = 1, 2 sveney, N S
b = coefficient (b - l - al - ag heseal)
A = i

unit transformation coefficient

For inversely estimating component rainfall from Bq. (2.1-3),
there is 1 the_direet method of solving Eq. (2.1-3) by each time
step one by one, and the methoed of simultanecusly setting ﬁp

and solving ihe unit graph response function (hi equatién)'for
all {1 = 1, 2, vees, n) up to this time and Eq. {2.1-4).
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yi = hlxi4l + hoxio v Jieidieanendes (201-4)

_ where, hi: response functiqn (unit graph)

: %There is further (3) the 1inear plannlng {LP) method in which

co (&)

sa[v&ng is done Wlth

xi'> 0 ¢i=1,2, «o.veyn) (2.1-5)

e’ *min

T As the optxmum pxoblem whlch minimizes error based on (2)
Vsmoothlng out method of 1east squares (SLQ) and with negative

ivalue not taken for ralnfall

Predictionlof Rainfall

The inversely estimated rainfall obtained in this manner is not

.dctual rainfall itself, but.is the ‘effective component rainfall
.~after lagging and alteration of actual rdinfall in the process
~.of infiltrating through soil, 'However,-sinceithis is predic-

~tion of flood, it would suffice if the effective component

o after 1a§ging and-beiﬁg subjected to-alteration can be

. predicted.

~The method of predictiﬁg_fainfall necessary for flood predic-

tion will be.Qescribed below.
(a) Extrapolation of-Inverseiy Calculated Effective rainfall

It is;oﬁly up'tb the présent time that inversely calcu-

" Tated ralnfall can be estlmated and the future rainfall-
time Series requlred ‘for flood predlCthﬂ cannot be known,
However, the g;oundwater component rainfazll is smoothed

_ °“t eri9g-th? process of infiltrating through soil, and a
gradual éitgration_Qcchrs. Consequently, future effective

,_rﬁinfall can be dgte;ﬁiﬁed by simple extrapolation,
¥i 4 ip (1) = (pUINLF (1) (2.1-6)

~ where, p{1); exfrapolated ipad (p= 0,8)
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On the other hand, the effective component rainfall for
intermediate and surface runoff Vafiesrirregularly in
accordance with the irregularity of actual rainfall.
Because of this, since simple éxtrépolation would be
meaningless, the ralnfall x(z)(t) smoothed out over the

past several hours is extrapolated
(b) Rainfall Prediction ffom_RainfalIFData (Estimate)

Even in the case that ralnfall data up to the present time
t % iAt can be obtalned .1t is not ‘that those ralnfall
data w111 d11ect1y become effectlve component rainfalls,
so that the value accord1ng to 1nverse calculation from
actual dlscharge data . will be used as effective component

rainfall up to the present time.

Beyond. the present tie, inversely calculated effective
rainfall cannot be determined sinée measured discﬁarge
data .are not available. However, in case there are rain-
fall data, there is generally a time lag (lag 2) uatil
rainfall acts effectively on runoff, and there would be
rainfall in advance by the amount of this time.
Therefore, component rainfall is predicted by simple
runoff ratio, or using the conceétion of the law of
separation of rainfall described in 2.6 and P.S.A.

(Partial Source Areal).

However, in case the predicted time exceeds the time lag
until runoff, component rainfall is predicted by the

method of smoothed out extrapolation previously described.

Prediction of the intermediate-surface runoff component is
done by the following'equAtibh'i‘viéw of the facts that.
rainfall for éévétai'hoursfco;fesponding to the time lag
has not‘yet acted on the runoff system and that change in

the groundwater component rainfall is'extremely gradual,
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$(2)i+ip =:f,Xi+ip~légr2—xi(1) (2.1-7)
~where, (ip_= 0, I, sees lag 2)
o o . A .

X (2) i+ip = al(s){xitip - xi(1)}  (2.1-8)
.whéfg, ib; pfediéfion”time.stgb

Iag 23 time.iag.in %étion of réiﬂfallﬁ

f1 runeff ratio

ai(s):“P.SLA. ratio to'priﬁc{ai ca#éhmeﬁt area

The method of (a) is ﬁsed fo; a predictiontiﬁe exceeding

this range.

In generél, lag 2 is from 2 to 3 hours, so that this
-method can ‘be used for prediction 2 to 3 hours shead of

time. -
(5} Prediction of Flood Discharge

‘ifrréipfaLL can be pfedicted?'it is a simple matter to predict
flpéd_dis:harge, Tﬁis is done by Eq. (2.1-9) using the pre-

dicted vaiﬁes of these component rainfails{ or Eq. (2.1-10) the
component unit graph hi-equation obtained by conversion of the

AR coefficient, .

Yi+ip = arpyi+ip-l + agyitip-2 * ".+in+ipE% -9
.-

-Or

Yitip-1 = BlXjpip-1 * hgXjsip=p + ..v.v  (2.1-10)

When substituting predicted values in y of the AR eqﬂation of
Eq. (2.1-9) dhé'aftEr”anther,-the predicted value according to
the AR Equétion'df Eq.?(2;149)fdne'after another, the predicted
value aecordingfto”the AR'equétioﬁ will exhibit an unstable
behavior so that a bétter result is obtained with the hi
equation of Eq. (2.1-10), namely, the unit graph metho&.
However, an AR equation expression generally requires a small
number of terms, but when this is transformed to the hi

equation, the number of terms will be increased.
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2.1.2 Prediction of Runoff from Measured Rainfall

A case of detefmlﬁing'flbod discharge‘ffoﬁ rainfall data will be
considered. As is well known, rainfall can be divided into loss
rainfall consisting of initial loss, tree canopy obstructiaon, eﬁa—
potfanspiration, etes, aﬁd effective rainfall contributing to runof £
into streams. EEfective rainfall is fﬁrther divided into the runoff

' component rainfalls of interhediate-surface and groundwatér inside
ground strata, Here, the point of separation of rainfall dbsérved
into effective components will be discgsseq. The procedure in

concrete terms is as follows:

(1) The observed rainfall is separated by the nonlinear law of

separation into groundwater component and otheér components.

- (2)  The other components are separated into intermediate-surface
components and loss component rainfall accordling to the partial

source area law.

{3) The runoff quantities of the individual component.systems are
calculated ‘from these separated rainfalls using the AR
equation, and the tbfal.flood discharge 1s obtained by aggre-
gating'these quantities. '

1) Effective Component Rainfall According to the Law of

Separation of Rainfall

Rainfall is separated into groundwater compoennt rainfall
x1(1) and intermediate-surface component rainfall xi(2) by

the law of separation below.
(a) Initial Loss

There is no ceontribution to runoff until the quantity
of initial loss (Lg) is reached by the. cumulative
quanticy (Ex) of ohserved rainfall. '
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(b)

1) = 0 (2 =1, 2) (¥xi < Lo) (2.1-11)

where, xi: observed rainfall (mm)

ﬂo: initial loss (mm)

Groundwater Comﬁonent Rainfall

‘When the cumulative quantity { ®) of observed vainfall

reaches the initial loss Ly, the subsequent rainfall

first becomes groﬁndwater component ralnfall.,

= xt (D) (xig x6)

| (i - : (2.1-12)

")

= %G {xi> =G}
Intermediate~Surface Runoff Component Rainfall

When the grounéwater component rainfall reaches a
saturated condition;'part of the surplus railnfall beco-
mes diect rnoff (surface-intermediate runoff component)

from P.S.A (partial source area, see 2.6) and the

-remainder of the rainfall {s stored in soil.

=0 - (=1 & =G)

x1(2) B ' (2.1-13)
S oo=ap(s)(xi = x6) (x> xG)

‘where, 8p(sg)* paftial gource area ratio to total

catchment area - :

This ap(g) is a function of catchment area storage
quantity 8.

8(e) =St x(y) - y(r)ddt

“where, the form of function ag(g) is

8 (s £ So)

1O R

_ap(s)

(8 » So) .

K

where, $,% _saturated stofage quantity or, ap(s)

=1 - exp (~5/8,)
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2) 7Prediction of Rainfall

‘Raiafall 1s predicted in the same manner as in 2.1.4

((*)! -
3) Prediction of ¥Flood Discharge

The individual component rainfalls having been obtained
according to the fdregoing, f1ood idscharge 1s pre—
dicted by the method of 2.1.1 (5).

2.1.3 Preparation of Parameters

In order to predict flood discharge by the ARMA Model Method, it is
necessary to make known the characteristics (AR coefficient, unit
graph, etc.) of the rainfall-runoff system performlng runoff charac-

teristics analyses beforehand.
The procedufe is explained in brief below.

(1) - Several cases of flood data (rainfall, discharge, etc.)
required_for_runoff analysis are selected. In selecting data,
it is desirable'fo; rainfall deta to ﬁeve smail spatial and

'temporal'dispersion, discharge data to have a single_peak of a
‘¢lean line, discharge data with the gradual decrease portion

10ng, and the scale of the flood medium,

(1i) The discharge-time series data y! are divided into groundwater
runoff component Yi(l) and intermediate-surface runoff component

yi(z) using a nuwerical filter w,. If necessary, the second

i
component yi(z) i{s further divided into two componants,

At this time, it is necessary for the time constant Te of com—
ponent division to be caleculated beforehand and the dampling-

parameter of filter. selected.
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(1i1)

‘The individual component AR coefficients are calculated by the

" AR equation which is an autoregressive equation using the

separatad runoff components yi{(l) and yi(2).

Mephods_available,for calculations are the Yule-Walker method

and the Barg method.

The optimum degrees of the AR coefficients for the individual
components are selected. As judgemeht criteria for optimun

degrees, there are the method of least squares, the FPE method,

o and the ALC method.

Actually, however, AR coafficients are dectided referring to

‘ualt graphs obtaitiéd at the stage of (v).

L)

(vi)

(vil)

b) Initial loss rainfall (X ea?

The AR coefficient is transformed to a unit graph. -

. * As characteristics (AR coefficient, unlt graph) of the

rainfall-runoff system have been calculated to an exteant,
the phenomena of rainfall-runoff separated into components

can be handled as linear systems.

Inverse estimation of the component rainfall-time series is
done, The ARX equation considering the errvor term of the AR
equation as rainfall is solved with regard to rainfatl quan-—

tity, and the compoﬁent"rainfall solution gevries is obtained,

% (1) = {yi(l) - al(l)yi-l(l) - a2(1>y1-2(1)
P ap(l)yi—p}/lb

Methods available for calcuiation are the direct method,

smoothed—out method of least squares (SLQ), and the linear
planning method {(LP),

Considerations dre given to parameters such as those below from
the coﬁponent.effective ralnfall-time series inversely

-estimated,

a) Runoff ratio (RATIO)

58
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(viil)

(ix)

c¢) Time lag for start of effective rainfall
- (lag 1, lag 2) . o S S
d) Elongation magnification .of fainfall‘(ELG)
e) Ultimate infiltration capability of ground water (R-ground)

“£) Maximum value of basin storage quantity (So)

By calculating the steps from (i} to (vi) for individual cases

- of flood, the AR coefficient on éverageiis'detéfminéd'for'each_

component.

For AR coefficient, an average .value or a representative value

is taken,
The game applies for the parameters listed. in (vii).

Studies are made of reprpduceabilitles‘pérforming rundff analy—
ses for the individual cases of flood (see 2.1.2) using AR

coefficients or unit graphs obtained by system identification.
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data cases L#w»m
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Separate components of
discharge data

Calculatée AR coefficient

Examine

repeatedly Decide optimum degree of

AR coefficient

Transform into unit graph

Inversely estimate rainfall

Calculate T,, §,
YBase, etc.

Yule-Walker method,
Barg wmethod

Method of least squares,
FPE method, AIC method

Examine Frat, Xigsg,
]_ag 1’ lag 2, ELG,
‘Rground, 80, ete.

LP method

System identification
(determine AR coefficient

Direct method, SLQ method,

on average)

Examine reproduceability
by runoff analysis
{ for each case)

Fig. 2.1-2 System Identification Procedure
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B-1-(1) HAGIWARA'S ANALYSIS METHOD






* Haglwaras analysis method coi o e :

As shown in Fig. A, this method considers the ground to be a two layered structure, with
velocity in the upper layer ¥, and velocity in the lower layer, ¥5. Tpp is travel time of
refracted wave from shot point A, received at P; T, ap 18 travel time of the refracted wave
from B to P; and T, is travel time of the refracted wave from A*to B (The white circles
in the figure represent travel times of refracted: waves received at P; The X marks represent
*travel ti}ﬁé's'bf direct waves—those waves received. at-P that are propagated in the first layer
“only.) - Here, Tap, Tap and Tap are quantmes obtainable through direct observation.

- The quantity 1, where
to=TAr+TBP—TAR o o . Ca)

is called zero travel time. The quantities T4 p* and Tgp’, where -

TA:"-‘-‘—TAP—ID/z:(T.«r“'Tar‘FT.«s)/i& }
(b

or —far—to/Q (Tor—TartTae)/2

. are talled velocity travel time (the black circles in the figure indicate velbcity-trave] time).

The curve that successively joins the velocity travel times determined for each receiving
~.point is called the velocity travel time curve. Theoretically, this is a straight line, and its
::slope indicates. velocity, ¥, of the lower layer. ' Velocity ¥ of the upper layer is determined
from the travel time of the direct wave mentioned above..

Fig. A Explanation of Hagiwara's analysis method
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If we designate the length of a perpendicular line drawn from receiving point P to the éup_
face of the lower layer (depth of the lower layer) #p, : S '

V|(I,qr+fnp“‘1.|n) i . (C) -

2co< H

- where sin i = V, [V 5, meaning that hp may be determined.

~We have seen that where Tpp and Tgp are both known for the receiving pomt .depth of
the lower layer can be determined using Formula (¢).  However, for the points marked
@ in the figure, only one of the values, Tap or Tgpe isknown. For these receiving points,
Formuia (b) is substituted into Formula (¢}, giving us: o

VECTAP_ I AP )

cos 1

Vil{T'ne—Tee')
cos &

hp=

Here, the values T4 p' or Typ' extend the velocity travel time curve. The valués at P read
off from this extended curve may be used. '

Also, if we designate the value of the pomt where veloc1ty travel fime curve TAP intersects
. the vertical axis at shot point A as 7’ and the point where Tgp’ intersects the vertical "

". axis at shot point B as 75 °, the following formulas are obtained:

Vir.!

Cus

hi=
(d)
—-.-VITB'

§— 77 -
cos !
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B~2 EVALUATION OF DRILLED CORE






Evaluation of Drilled Core

The 1dgs of core boring give evaluations of drilled cores. The evaluations

comprise three elements -— degree of weathering, hardness, and crack

spacing.

Each element 1s further classified according to five levels based on the

eriteria glven below,

Degree of Weathering (W)

W=1:
W=2:
W=23:
=4

W=23:

Hardness {H)

H=1:

'y

e

= = @ om
!
oW N

Very fresh. No weathering of rock mineral component.

Fresh. Some rock minerals are slightly weathered. Usually,

no brown cracks.

Fairly fresh. Some rock minerals are weathered. Cracks are

stained and contaln weathered materials,

Weathered., Fresh portions atill remain partially,

Strongly weathered. Most of rock minerals are weathered and

altered into secondary minerals.

Very hard. Broken to knife-—edged pleces by strong hammer
blow.

Hard. Broken to pieces by strong hammer blow.

Somewhat brittle. Broken to pieces by medium hammer blow.
Brittle. Easily broken to pieces by medium hammer blow.
Soft._ Able to dig with hammer.

Crack Sbacing {C)

.
¢

4 T e N o B o'
Il
WL B W N

o
Sl

C2 50 cem

50 em > C 2 20 cm

20 em > €5 em
3em>C21loem
lcm>C
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B-3 LOG OF BORING
B-3~-(1) NAM NGAO SITE

B-3-(2)  MAE LAMA LUANG SITE
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LOG OF BORING

. - . 2 of 3
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- 'LOG OF BORING

* NAM MAE NGAD STE NO.2 _ Location DiomAxis(Lsf)Bank). Boring No. . DL=3  _ logNo. 3 of 3 .

Proje;:t_,,, i . BN 4
Co-ordinates N1,966,936.917 £ 393,500.365 _ Elavayion____.. 202.083™  pepthof Hote | 75.00M . Commenced __ 24/10/88°
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Depth
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WA Time |
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‘5_0 Prme_,fnkg
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~ .

-
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7
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LOG OF BORING
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L:0G OF BORING

Hatdrays 1ihardj - Stdofty
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A120em . Som ). Allese than S cm | Bigrknad}
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7: b} ._So_mo_ carci_le vains @ o lasl E 7
3 ofs  found. . L 3
Jo : 30 E g
E Core loss ot - =
4700 - 47.50m 1 Es
: 43 &
- - 33 _F so
50.00-:56.20m. - :
2 e - S . ; \\"GE !
~ Sohdslone inferbadded . : =
:.) with ‘mudstond badding 3
50* with. core axis | : \ T EY
o tdip TO*Y : : E 4
: N : . : i . \95 =
Frash  ond hard roc¢k. C E 5
IR S 2l E
T Bottom of hole 3
E g
LI Waedaring ——1 b Avarsge logth of Care 1 (mote than 50cm ), 2660em, 200m ) .

A hrwsh) - 5 (decomporsd) 3(20cm _Scm.). S{kwe an S om ) 5[ praned )

Hardoase 1 1haed ) — 5ot )
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LLOG OF BORING

. - i
Projset NAM NGAD SITE No.2 . _ Lacation_Dam A {Right Book}  foring No. . DRZ8_ . Leg No. ___,____,‘;‘(;:;______“__m
e R Y Y e AR B 1041
Ca-ordinatas NLOST.040.180 E393,773.692 _ Elavation  201.728M MSL_ Depthof Hole _____ 60.00m .- Commencu_d__;l;“;_._l;_ -
Angle from Hotizontal 90° _ Core Recovary . 100% __ Depth of Overburden_. S:.00m __ . Completed oo r e
: T | 60.00m Logged by_ V. Viewdrn =
Bearing of Angle Hele . _ 7 . Company .. ._ EGAT ____ Towllength of core .80.00M ... Leaq % Tavedo
4 & = . % 2 § '\ATER PRESSURE TEST. - El éi' » 5 :
5 (& F g I o LUGEON VALUE g - & :
PN g .§ Elssigdl s {28l Description _ O iz é H
&1z el & N 8 H 1 |§° WATER YAQLE‘—M.—‘ a -F W
. % “ k] © 3 ) a B "
& 0% 4 w 5 S
TR " - E O
"A:.: c 0.00-200m. Overburden N ezf;
A E e .
ot T3 0.00—-2.50m. Gloyay siit, N
4 A Y o . . .
‘a‘aq @ - .
= Pt o« O Top 2nil and deiritus daposit .
= 2 rnhlh - y y
z B 2.50 ~9.00 (. SPT. N=20-24
S 24 “.Al. - ’ ; \150
- a2 raaaa Sandy silt. _
&: 2 & N - . \
=3 L% Steangly weathered rock.
5 qe g Nl
o A B
Q‘Q.‘
X Jzio
s, \\
» a .
F
s &
l:t: g
llla 2
3 *ats Fi3}
E A 4 | | = g
= | 9] 00 — 50.00 in z
g E 9..00 50.00 m. ool - - 0
=) E ' : 3
<03 Sondstone , fing 1o : 3
™ e _ LA TS AV O I
13 medium grains, dense. A VMest 1 E
E R : S1L30m e 3
2 4 Jointy din 107, 30%, 45e, : . E 2
.49 60°, 80%, cloy fiited | E 3
3 . HO E
[ —— 3 in jeinis , some calcite - E &
43 s E
Ao veinlets, irgn axide 3
54" o 29 | E D
= cooted - gt joints gt E
3 . ; = 8
& 3 © 900 —16.50m. Non | 2d4/2/89 - - 13 ';‘
74¢° : colcoreous gt 9.00 ~ l‘ T 5 E 7
3w " moom\%, 3
B3 o 60.00m. Bsddlng BO° £ 8
3 = B 1 E
1l ® 5
g = o 15.00 ~ 19.00m
e . 3
o0 3 @ Cracky ond frogmented \ £ 20
3 sandstohe. E-
1_5 =
" | =
ER 19.70 — 20.00m : : E o
2 ’i Thin shafe layer. \ BCA? .
o - i
<) %3 3
" . 3 Frash - ond sound rock. E
EN . )
ERS e
5 3 o
E s ‘B
8 3 =t 8. .
7 ‘é ;_ 7 B
18 5
8 3 3 8
1 o b
9 3 5
EP | :
N : ¥ 2

Core kas ——— [T =TT ]

- Weathing
Lifeach] — § ldecampoeed]

Hardrass 1 {hard) - 6 {16ft) .

B - 30

Lt Averags Wngth of Core

1 {iore then 0 em), 2180em. 20 &),

B120¢m . 5em 1. 4 iide than 5 om | B graned




LOG OF BORING

__NAM NOAO SITE No.2  °  ipcation _DamAxia(Right Bonk}  Boring No.

. Log No. ____.2 . _of L

Project____ 18 . OR-6
Go-ordinates _R1967,043, 189 £ 393773682 Elovation ___ 201,725m M5L Dopth of Hola . .. $0.00m __ Comimenced 10/10/88 .

90

= . Company .. __ESAT  Tolllength of cors __$0.00m - tLogged by__. Y Vichern . _
T B K. Yokeda

Core Recovary . 100% ___ Depthoof Overburden __9.00m_ ~ Completed__ 18/10/88 .

Angle from Horizontal

Bearing of Anple Hola

]

% . -1 WATER PRESSURE TEST -
weEoN vae (D)

e STUR

Daescription

b1 B} : waren Tase —Ah—

Hardamss
a0

of core

rill,

Cora rccair'orv
£ing of Bi
‘Weathering

2 of Cora {mm. }

Qapth
Elgvation

Cozing
Cementation
Colour of reck,

Geokogy
s’fmw of QW“;W

50 Pressurs
W00 Tine

4]

HiR

-

As cbove. .

30.20-30.60m. 25

Limestane [lense.

dense, at contgot

dip 40%

Fresh oand sound rock R

Soms calcle veins

are fouhd ,.me widih

of caigile veins

are B e 10mm,

g7 10788
-
=

\

SANDSTONE

1;4; YTy “]”n]]|“]]|,|:|m],\|1|| ||i||T|"TH]li|IT IADLERL L s lJHIJI’l]‘HlH Ii,IHTrITTT]_I”iWIJ VI AV,

Gray

55

C-]

&)
(=]

-

[+]
U L O A I LU HO U I A S H

- 18/10/88

@.. | 9.

‘Botiom of ‘Hols : S \40

L averags Wiigt of Core | trore thon 50cm . 2(50cm. 206m) .
HTI0cm Scm b 4 [lesa than 5 cm ) S grened)

1ifrash) — % [ddcoinpomd ) .
Herdnase 1 {herd )~ 5 (oM}
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LOG OF BORING

Prajact_ NAM NGAG SITE No. 2 Locstion Dom Avis{Right Bank} Horing No. . DR=T _____ log Ne. o of % o
T e e N T . 4 .
Co-ordinates NISET,I0LT34 E305, 974,110 " _ Elavation . 279. 969mMSL __ Dopth of Hole ._..___100m ___ Commenced . __13/8/88 . .
Angle from Horizontal . Cora Recovery____88, 9.% _ _ Dapth of Overburden ___ 8. T0Om___ Completed . 3079788 .
Bearing of Angle Hele _ . =7 . . Company _ . EGAT ___ Yotal length of core . 88.30m _ Legged by
§ £ ’ TESY
£ 1§ % g WATER PRESSURE
. v E £ % .
a g BB g g 8 3 i H . weeorvatee (O )4
£ § o % IR 5 51 % N Dascription 51
c L 2 3 23(oEl 3 {2+ ¢ waten TABLE —Afm
[ B Q0 3
& kwixd @ 1= % . o
L*a"d 0.00-6.70m. Qverburden ‘
%% 4 Residual Soll with fropmeits
‘:‘:‘ QO -2.00m. Siltly .
5 o 4 : 5pT.-
2z 2. Cley.
2 [ | I3 : : NET?=O~I3
o & Ip.* x 7
~ o . a 2.00 ~5.00 m. Slity
o D 2% bl
~ o jp. s 14 _n. )
2 o R ‘Cloy with sandstena
: v K‘-‘« % PR
o (hr.nd E f.faqminila. .
SR & 5.060-6.70m. Stiry clay SFT.
2% ] with limastons fragments [ N = t7-33-70
Ba 4 4 - y .
NS { RN 550~ 670 Sireogly weatherd :
o 6.70-51.40m. Limestons
Lt with reddish ¢lay in
T . L
1 of céqck. iron oxide
N cooted af joints. . so E @
] ool No test E
T 1l Joints dip [0*,30°,45" E
i il sedding ase, 700 f 10
iy E 1
LT M) Cmto {oss at ) g_
'::iﬁ 7.75-9.50m, 9,50~ 12.10m] N ol 3 2
T i250-14.50m, 15350~ 1650, =
4 : X .

LH | 18.40~1880m ,i9.70-20.00m, E a3
® | 21.00-2105m, 2865-24.25m, -
@ 14| 2570-2638m, 2780-2780m, = 4
~ . o

1 ¥ =
b 2900-29.720m. » E 5
1 - [ E
I T B g 'E
= 5 ol { Es
i Pl =
L =
%l LT 2sl ; 5
o = -l
e 5 20! =
[0} T - 8
w - - =
Z & g 34 F
= T bt L2 = 0
= ) T [ T e
° i) -
E T g
= X =
3 ? 5
E 3
20) =
-
s
] \
St HE
.
R
For] 20
e ¢
@ E"‘ 1 \
-] | 1] :
: i \
~ "1 T
v SEn
i =
-:-F
s
0 5 _— 20

Cora tor ——— [T ]

T Aversga kogth of Cora 1 Lmors than B0emi, 24 S0cm. 20em .

{20 Hom b, 4 lpte than 3 o ] B { grened)

. H!rnhl-‘s.ld.wrwl .
Hardons Hiherd )~ 5{a0h1]

B - 32



L.OG OF BORING

* Projoct_____NAM NGAD SITE Ne.2 _ Location DOm_AxisIRignt Bank) Boring No.__ |
" Co-ordinstes _N1367,107.734_E 393,974.11Q. Elovation_ . 279.969mMMSL _ Depthaf Hole . ... 100 m __ . Commenced
_. Complated _____

Angle from Hotizontal . 90% . CoreRecovery _88.2 % _ _ Depth of Overburden . _6.70 m.
..58.3¢m  Lloggedby___

Compony _.... EGAY _  __ Totél length of core

Bearing of Angla Hole

. -
- R _ N R -
g s| 218 §= o WATER PRESSURE TEST . ¢
ol & i| o N § 5 o - LJGEON VALUE _E
& o1 £ re 2 5 } £ 5|88 Description O I R & %
- o | 3 g1 2% : 2|z % a g Ej o H
«| 8 S{SE|l 3% i waren Tase —AR—- |0 & - w
. s R 3 . . : o 8
M | % P | : o L M
] B - TITE®
= Ay above. N5 E
. ]
-] E =
2123 | E?
&~ 3 as.l &
33 . E 3
E ) 20 SN
43 E 4
53 5
3
63 8
7 E ?
=R
8 3 8
4%
9§ . g
38
o | 1072 @ 40
2 e ,
SR
~ g .
23 2
Hol
3F W E- 3
dol| 3 g
o R - =
4
1 Emibd E
5 a~r § ) £ 9
E 3 30/5/88 E
ER :
& 3 -
1z
75
AR {
83
043
23
5 3 5i40-100m. Limastone '
3 o . . V Fz2em
3
3 3% inertorminar. with 207209
g, shate  dends, and a
4 3 oL :
§. 3 fou ht_ilt!e,_ Laints
o E D
S E dip 10%,45°,25° _ :
ER, SO . g
. Bedding 70* folded at - \ = 0
£6.00-6800 M, @ : \&E 4
84.00-98.00m. : E g
__l,v o o ':. N - %—
E R Frash ; sounrd: ond ’ . E
93 : : : E 9
= massive limsstone - 7 o
tort m ——s [Tt . - \'M&Mﬂ'e — . o L hewage ength 6 ot 4 Smore an S0 ¢, 7460cm, 20 ¢mb,
- S fresh) - 5 {ducompond] 3(20em . Sem b, 4 (lse Bun & o0 ) 54 graioad }

Hurdoass ) (hard) - Stsahy
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LOG OF BORING

Projsct____ MAM _NGAO SITE No.2  Location Dom Axis (Right Bonk) Boring No. ... LER-T
Co-ordinatas N 1L,967,107.734 E393,974.110  Elevation  _ 969mMIL. Depth of Hole_ _ .. 100m__ _ . Commenced | _
et L 88.9 %, __ Denth of Ovarburden . 6.70m ____ Completed . L.03/9/88 0

LogMNo. . 3. "of . -4:___
1479788

Angte from Horizontal _ - . Corg Recovary

Bearing of Angle Hole _ Company .. . EGRT ___ Totableagth of corg __ B8.80®m  logged by M. vicharn T
! : - pany.... : K. Tohede
3
Flel - i . : : 2 €
H t ol % 3 0 % Y WATER PAESSURE TEST [
o B £} o E R 5 . LUGEGHR VALUE _ oy % 5 -
AR IR I IR A I T e R !
el o §- % & )s & © § § 3 T 3 WATER TABLE -—/q\— g F a
k] o .
M |% @ iookd @ 1 —— 8 o. 8 g M
0 : i ’ b1 60
o = ) i i -
2 . 3 _; - !ll Frash,‘ so_und and s E
3 E :1 : mossive limeatone E-
3 ! : : E. 2
B It ‘l - o Nes | E
33 5 |"1— Grucky and fragmen- E. 5
. : ted of 60.00-63.50m ! g
43 — - 4
é & T 79.50 - 34.20m
B 3 1:3 T 5
= r]!' Waotherad rock
= T
8 E ¢Tocks stgined &
.= i ;
= |
g 73 7
S = =
L E 5 TLt . =3
o) 83 iy ’ \ E 8
3 ws| E
= o : = 9
E T E-
E ° a% E .
10 -3— E 10
ER T =
133 1
zé x5 —E
3 E 2
E o _ 3
4| N
e E
-
1] =
3 PE
ﬁ L . E‘ ]
:s (=) ]
g |2 I NL E
o - E
N . R = 7
INPLE,
o1 - \ E— 8
AEES
= ol E oy
g ' 3
2 s N E
2 S E 2
o ° . Nes | E
™ :6 ’ - 3
® - E
© & . 4| E
2 - e —E- 4
3 . o
o i i | b
= NI .
o N :
[:]
I_L .
ES 7
@ 1 )
2 &= 8
Q Hw : .
*~
ARE °
= ['l N
30 3 o - . . X R ' \ 63 50
coca toss ——s [Loen]) Voathtring ———emnec) I © L. Avtrage length of Core 1imors than B0 cm1. 21 50cm, 20cm) .
1 ifraah}— B | decompossd ) 3(20cm.Stm [. 4 (s than 5 cm ) 5 | gramad ]

Macdeqss ) {hard ) - 5 {zoft}
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LOG OF BORING

NAM RGAQ SITE N&.2

Projact__, N/ . OR-7  LogNo. __4 of 4 _ ..
GCo-ordinates Ni,867,107.734 E393,374.110_ _ Elovation__ _279.969MMSL__ Depthof Male . 100 m = Commenced _ 14/95/08 _._
_Angle from- Horizontal . 90* - Core Recovery __ 88.9 % Depth of Overburden____6.70m ___ Comploted . 30/9 /88 - .
Bsaring of Angle Hols _ = Company __ . ___ ESAT . Towallength of core | 88.90m Logged bv,,.i,\o’,-_\!_lg_rsh&r‘g_ -

o
g ; £ 1K A » : A
: : -8 4 WATER PRESSURE TEST S
B . g s £ 5 ° » ® ; :
F £ - g 0N VAL . v 5
§ %‘ ; - E s s % 2 o g _‘? Description LUG ¢ O g g : ;
1 ® 4 s S i . :
; O IR N g go hd E 2 3 x ° WATER TABLE—-'V\-_ L& @
: E L 1=} 18} — . °
Do 106% 4 o I —= 8 o &
Frash y Sound and . I\JO
e massive limestons
| . )
3 |55 .
- R | an s
f .
I ) &
o -
O -
2 .
12 | e E
= .
= 5
|
ol 2=
® \
<]
~
i
@ : : N
T \ s

Bottom of hole

30 .

[ITI]]TITI'[FH

(LALLILRELY SUL L u L wea e AU BT LT

R L R G L

® o

Comy tots ——s (T i . . T hvicage ogh of Coxe # Lmace than 50cm, 24 80em. 20em L.
AR - 1{fresh)— 8 [decoinposed ] . 3t20¢m.5om, 1. 4 (M than 5 ¢ ) 5 ¢ griaaed]
Mardoess 1{hard] — & {soit)
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LOG OF BORING

NAM MAE NGAO No.2_  _  Locaion  intoke _____ Boring No. .. DR=TA . ..
45.956 Elevation _259.802 M MSL . Depth of Hote ;. 27.00@ . Commenced 12 f8/88 .
vvvvvv Cors Recovery . _. . Depth of Overburden _3.93 @ . Completed ___.

S Company ___EGAT _ Totallengthofcore . . . logged by V¥

Project ____ .
Co-ordinates N1,966,9

Angla from Hogizontal |

Bgaring of Angfe Hola

. N ~ . i .
% $l.el 5] %1€ 3 % . WATER PRESSURE TEST -
s |°% 3 2 E|]pu| = H ¥ . LUGEON VALLE =
gl el g s 5[zl d) 2|l oeewrr | © tg E
| &8 3 3§ 3 8] % E 3 RIS waren TABLE —-Ah—
£ k (¥}
e G fuwosd = e o
0 3 R ] ! 0.00-3.55m. Ovarburden
= a 51 Detritus deposirs
3 5 it 0.00-200m. Silty clay
= bt rﬂ:‘: | With sondstone
2 é .E), e Héqme‘ms‘
(. a a - .
o {Pass] 2.00~3.95m. Silty
g S el sond with 3opdstons
~ 8 & trogmants,
o T . - .
; 3,95-10.20m. Sondstens
5_—2 £ interbedded with shale
3 o :
63 @ brivtle; iren oxide
3 cooted at Jointa
E c;iri loss at ' T—F
3 83 2 . - X0 - = B
~ 3 - - E_
Q _§ g é\lﬁ 4‘59(“,53'0 7Q0m PrA=:
ol vs B.16 -0.70m, 9.00-9.40m 13 E 9
" 3 g . 20 E
_E b+ ’ 3
10 3 S No ground woter ap = 10
= . =
E © 0.20-27.00m. Shols ASLE
g 13 o 1
s ] E
-~ - . . =5
] . interbedded with
S - _ . N B E
- [ =3 3
4 sandsione, few colcite =
W E 3
- H veins .. broken rock 20] e
N . : 20 E- 4
2 = joints  30%, 60°, B5= E
@ s - | % | F
,\, G rough, cloy ond iron £ &
< ay E
[ oxite cooted 0t Joints, E 6
© = T' : 2 3
@ P calcareus in sandstons, TE 5
o . . BiE)
3 sadding 60° _ 2d | £
. 1 = 8
@ - 10-80m. Sticken side . . 14 E .
o o ) ) E 9
g o] 1270 -13.30m 2% E
= Sheared zons, cloy E op
with breccig E
. Ngol E 1
Core ipss 0 c .
@ £
g 1 .00 =i12.00m ,12.35-12.65m] - E-. 2
._G_1 13.30- 15,60m,1740- 1785 m, I8 E s
' . 4 =
g 18.30- 1340 , 20.60-20.50 m -
& E
o 22.25-2245M,2270-22.95m N
® 23.28-236%m,2440-2460m) N E
Q : aE" &
BO-26.73m., E
2 | 26.80-26.20m > =
o~ 1 =1
- Bottom of hole 3
B : E
~
o
n
Cors toss —— - weatharng ———1 ] T Avevage length of Cora 3 {more then S em 1, 2(50¢m, 20 e
1ifranh)] - 5 (gecomposed) 3(20em . Sem ), 4{Kaethen & om. | 5{praned )

Hudoats tihatd) — 50081
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LOG OF BORING

- Gor o —— [T}

T 1fresh) - 5 {decomposed]

"L myaige g of Core 1 LenGre than S0m). 2(50em Bem), -
330 om. Sem 1. & lime a0 § em ) 5 [ gemnnd]

Projset_____HAM MAE NAGO No.2 . tocation Dom AxisiRight Bonk? goring No. ____.._DR=8 _____ logMNo. __.t __of .3
Co-ordinstes N 1,966,989 _E 394,032 . Elovation . . _293.682m MSL Depth of Hole______90.00m____. Commenced___ 3/7/88
Angle from Horizontal _______90°_ __ ___ Gore Recovery___ B7.2 % Dapth of Overbirden _ 2 70 m ___ Completed __ 36/7/88
Bosring of Angle Hole ._______— - Company ...___EGAT_____ Total length of core __78.50 m____ Logged by___v_.?\i.w\%i_c?{!%,rg __________
‘ TTaKeda
. @ E
: . - - ) . f
; . g % 5 E 5 § g H § © WATER PAESSURE TESE Il f <
g% . N - I g 3 L LUGEON VALUE g £ 5.
ELEIs| 8 s | Sqzs B8] 28|88 Description et O e 3 gt R 3
: LR IR B O - - § § s | [} wites Taoe —Af— 2 £ &
£ . o 3 g
Mfal o | @ Fuoosd w e . o 2 8 m
2 -c?—_g : b ’ ] 0.00-270m. Ovarburdan E O
18,3 S g { ©00-0:580m. Top 3all =
3 el s | |0.5-2.30m. Glayey sitt 5PT. E
T E *a%d o 2.30-2.70m. Froginents : 3
¢ ‘ } at | weathsred limostons. N=6-9=16 - 2
4 & ‘e R X E
@ L . i i SPT. 2
. o LT 2.70~11.00m. Limestone N = BO 3 3
2 danse ctovity ar 4.30— 3 s
‘S i Ha.60m,515-5630m, \ E
< 8.40-8.70m. Joints \705- 5
o 40°-60* Cigy ond Iron N o
oxide fill ‘at joints \ =
® calclia voiniats. E- 7
: -t Core lodss at : E
~ - ! 3 8
® — H 1098~ 12.35m. : E
o X
T E B =
1 [ 50, E 10
[ . X
b - LRI i
3 : |_ & 12.10-17.10m. e
Y ' || Limestons intertaminar \ 1 E 2
- i : : E
- u ;“Tié?- With shile,; fois ot tanf
2 e 12.30-12,40m. \ - 3
i %ﬂ i 1 bedding 25 cavi Pt
L iy bedding 23° cavity s E
= T 1] . : ITE 4
= at 13.50-13.95m ,
|k ) .
Fas |14.10-15.55'm, Mo test
. His.10- 16.30 m.
D L 1 ’
o] 73 L] i
= = - ” i »
N s E ‘h 11 17.10-23.00m. 17.65m
a| 3Jo T Limesione, cavity fill 2172789
9-% | aa | mlﬁ clay. Sandy \
E ] Ly r Limestene at
23 = 2150~ 22.00 m.
E N : . :
1y % Corg 1033 ot \
B | [ Lo -
E F i710-17.50mn ,1275-19.00m,
244 - Ly ] S :
B ) 19.55-21.40m, 22.20-2294m)
3dg T z. L ’ N
3 I a -
4 - T E - . B :
3] 4 H e 24_._00-29.2?@.' N
£l 83 o Limastons interlomings )
S173 v o | N
= 8 o9 T T r with shole, brittie,
° B e . - -
' - e o bedding 80 nearly
73 T vertical,
E T : e
3 |
43 1
3 'EL'_ 4
ERv
E = BLLE B 1 B ™~
—
.2 F- .
e EELIN 7T

Hudosy Yihard) —Bisehy

B -
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-LLOG OF BORING

Project. . _NAM MAE NGAD No.2  Lacation Rom Al jght Bank) Boring No. _ - . DR=8 ___ logNo .2 of 3 .
Co-ordinates __ N 1,966,999 E 394,032 . FElevation . 32 mMSL_ Depth of Hole___ 90.00m _ °__ Commenced _ 3¢7/88
Angle from Horizontal _____ 9@ . CorsRecovary _BY.2 % ____ Depth of Overbucden_2.70m __ Completed . _30/7/868
Bearing of Anglo Hola _ — __Company ____EGAT ____ Totallngth of core 78.50m Lopged by . V. Vichern
. <
b . . 3
£ § sel 8| BLEs E . | WATER PRESSURE TEST ! 5
8 & 3 g 1 El 2% - H ] 8 . woetonvawe () | § | 5
2 % E 5 3 3 g s ] H -] 5 Description . g i ¥ ; .
3 K 8 3 E g |5 * B veaTeR TABLE —Af— & F &
€ 5 3 ) _ .
G o0% [R—Y o 3 3| m
o = T
3 T L} 29.20-40.00m. 20 =
] - c =
[ E ; Limestons , denss, E t
* ) M drittie, intgricrminar E
E -with shala, fow sheared Ef )
1L (e ] =
— - 10RE. 3
- t & : )
4 - £ Sofutioh cavity ot - : \ JE 4
[ o .
b T g 26.60-26.60m,3110-31.20m @ \
- g - . [
4 110
H : = 8
o ! (L} 3600-45.00m 2.l E
i ’ 80 F o
| §M 3 I Frash ~ond . hord .%9‘ 3 7
3 T i =
§ B3 3 - timestone 20, | F 8
- T
948
40 3 s
= T
ER it
ol 118 =
[ =
- 3
~ z E
g = 1T .
3 E |
E t -
E i - o
43 Pl | R b
= <] G
53 &
ERSR
H <=
63 B | == U] L
.T; : .
73 '
3 E H
~ E n C :
IR B : 8
= E o+ T .
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LOG OF BORING

Projecy NAM MAE_NAGO No.2  \Location DomAfs Right Bonk} BoringMo. _______@R=8  _logNo. .3 ot 3. .
Co.oidinates ____N 1,986, 859 E 394,032 __ Elevation 293.682 mMSL__ Depth of I-_Iol'a______ 90.00 m . ___ Commsnced_.. B/2.7208 . .
Angte from Horizontal . $0* _ _  Core Recovery_ ¢ a7.2 % Dapth ot Overburden_. 2.70m__ _ Complated L30/7/08
Bearing of Angle Hole .. .— . Company. _EGAT _  TYowltength of cora _78.50m __ _ Logged by ‘:“-‘{‘:ih.?;ﬂ
z 2.t
B | ¢ sEl 5] ¥ s |F . WATER PRESSURE TEST | ’ .
= ol § & I LA 25 £ & . weavae O | 8 £ g
= ol g 5 R 3 £ s H -] by Description ; , I £ g g
i o Z .18 § 3 |} WATER TABLE—N\—A N I
‘% S100% o B ‘ [y : . - o B8l
e _ A _ &0
. g 58.00~90.00m, . - _
o ¥ I | (=] . .49 \
o - = Limastone, intartarciadr
~ T T N : N -
X o £ with shale bedding
s i : o i
‘;TL]':'_{:! & 30*-50° sheored zone
T ot 63.80-64.30m, h
| B
T
L 65.30 ~66.90m.
L} calgite vainleta
i _ _ L
- - | denne
© . I \
; = Jrints  20°% 45°, .
“~ I
b .
“ Y 60°, 80" claon and N\
q 1
% ‘I‘I“IJ rough. : \
I H .
I | = 6130 - 64.00m o
*
PR Waathetad , Crocks ° :
it . P
@ LT are stoined . .
1 .
; i |
2 ERE § X \I
- Js| 5
33l a- EIE::::’
d ta _
5 -l
8| 43 E | B 4
~ =
™~ 3 = i :
“] 38| 3
] -g g s 3\ ud .{ 8
=3 = Ty = \ 3
73 0 {ES o .@ - 7
= s x 1IN -
E R4 = =] ’ E
8 E e i - X E: 8
. | =x o :
L3 e - N L E @
I A S \PE
8 |ag 3. v E-80
I & EDA N
15 . E 1
l 2—§ ‘o -E:‘.-. 2
B R == 5
. E- 3
. T 3
3 2
~ ’ ] o 4
X 3
N~ -
’ E- 5
; - \bel £
- 1":7 ; 6
E',:It’,j @ s £ 8
. i - E o
~ g X E
~ : . = 9
~ T . .
Bl e . m i Bottom of hole _ : NEJ ™
T L‘on!on——-— ) o mu-mg .. —] T——Amq.mmorcuollmanmsomh 2{50cm, 20},
. 1{frethl—~ Sldmt 3[2Dem._Bem i, lemﬁm]S[wml

Hardrast | (herd - 5 {s0M1)

B - 39



LOG OF BORING
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