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10.4 Financial Expenditure of On Nat Incineration Plant

Téble 10.4-1 .'Schedule bf -Cbnstruction

Real Year

Ytem

1951

1593 19594 1995 | 1996 1997 1998 1999 || 2000 | 2001~

| Road & Site
Readjustment

Detail
Design

Civil Work

Building Work

Mechanical &
.| Elecirical Work

#1 Fumnace
Operation

#2.3 Fumnace
Construction

#2, 3 Fumace
Operation

Test Run

~Note: #1 Fumace including Pit, Stack, Water Treatment Fac1hty for #2 and 3 wili be
constructed 1996. Then after #1 fumace 2000 #2 and #3 will be const:ucted by -

2 phase step.
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“Table 10.4-2 Cost Required - - -~ S T
- (Million Baht) in 1990 price

Focal | parsk | Bmoli | Uiility | O/M Total | PR | oiat | WS o
1991 | ' o

1992 : : - .

1993 - 0.61 . 061 { 49000

1994. 063 | . 063 ] 490.00 |

1995 39 | 390 | - 229.00 S

1996 4.00 620 | 15.04 2524 o 1507
1997 408 | 638 | 1504 2550 R 150
1998 - 1091 | 658 | 14.81 | 3230 | 28000 150 -
1999 [ 4200 | 1010 | 1480 | 6690 | 280.00 | 150 ¢
2000 19.50 13.12 | 3045 63.07 73.00 | 410

2001 21.27 13.52 | 2975 | 6454 | 470

2002 -36.68 1393 | 29.59 8020 o - 470 -

2003 15241 | 1434 | 29.14 | 19589 . 470

2004 36.59 14.77 | 29.93 81.29 470
2005 4122 1522 | 2974 | 8618 470 |

- 2006 4715 1567 | 2974 92.56 : 470. |
2007 21781 [ - 1614 | 2074 .| 263.69 R R T Y [

2008 - | 4224 | 1663 | 29.74 88,61 o S470

2009 - 47.13 113 | 29.74 9400 | . 470 _
2010 52.97 1764 | 2974 | 10035 | 41 .
2011 250.16 1817 | 29.74 | 29807 470 -
2012 4552 | 1871 | 2074 | . 9397 _ 470 .

2013 5297 19.28 | 29020 | 10145 | ' 450

2014 | 5730 {  1985-| 2920 | 10635.} - coaf e 450

Total | 1,181.91 | 27852 | 504.87 | 1,96530 | 1,842.00|3.807 " | 2,777,650 ¢

31% 7% 13% 48% | 100%
Uit cost of incineration 1,371 Baht/t
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Table 10.4-3 Financial Expenditure

(Million Baht) in 1990 price

Items - n _ ' Fiscal Year .

_ 1993- 1094 1995 1996 1997 - 1998 1999 2000 Total
Construction . 490 490 229 . . 280 280 73 1,842
Opefation & Maintenance :

Emolument 061 063 390 620 638 658 1010 1312 4752

Utility 15.04 1504 14.81 14.80 3045  90.14
Paris ¥1 036 044 182 200 280 742
© Repair *2 | 364 364 C9.09 4000 1670  73.07
. Subtotal | 0.61 0.63 390 2524 2550 32,30 6690 63407  218.15
Total 491 491 233 25 26 312 347 136 . 2,06
Note: (1) Electricity : - 2.7 B/kWh

: (2) Fuel = - : 8.0 B/l

(3). Water 4.0 B/m3 : N

(4)- Emolument 1990 price Engineer : 180,000 Bfy/person

S _ Skilled : 120,000 B/y/person

"Worker : 60,000 B/y/person
3% of increase every year estimated

(5) . Total of Construction Cost : 1,842 Million Baht

*1; Parts mclude materials and equipment used for operation and mainienance.

*2:  Repair means mainly overhaul which will be done by a contractor. Cost of minor

repair to be done by the BMA is also included.
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Table 10.4-4 Construction Cost in one step totally #1,2, 3 5 S o
o (Million Baht) in 1990 price

“Foreign Local - T otaj

Ttems _portion portion

1. Mechanical and Electrical Work (including -
Engincering fee, Supervising fee, Inspection fee and

other fees)
1.1 Equipment: - - : ' R S S
1) Waste Reception System 138.82 4.25 143.07
2) Incineration System - : 144.52 | - 68.80 213.32 -
3) Gas Cooling System , 13.00 534 | -18.34
4) Gas Treatment System -~ 6578 1 036 | 66.14
5)  Water Supply System - ‘ o 15.98 3.16 '19.14
6) Waste Water Treatment System 1884 (. 0O 18.84
7) Heat Utilization System : 166 - 038 | 2.04
8) - Air Preheating System 63.54 | 21.13 84.67
9) Ash Handling System : 51.00 ~0.85 |  51:85
10) Electrical Equipment ' 53.14 0 53.14
11) Measuring and Control System - °57.20 0 57.20
2) Auxiliary Equipment a 472 | 0 472
Sub Total R 1 628.20 104.27 732.47
1.2 Freightage = T 14494 0 4494
1.3 Installation Work (including Painting, Insulating, 0 | 18643 | 186.43

Refractory lining, Piping and Wiring).

2. Civil and Building Work . SF IR [P
1) Civil Work 0 5.60 5.60

2) Building 77.16 551.27 628.43
3) Stack 5.38 38.51 43.89
Sub Total 82.54 595.38 677.92
3. Supplefnentary Work (Parking lot, Canal Water Iniet 0 2.45 245

Facility, Gate and Fence, Plantation, Li ghiing,
Rainwater Drainage, Water Spray Equipment and
Payement of Sub-area)

4. Tnsurance 090 | 1800 | 18.90
 Intermediate Total 756.58 | 906.53 |1,663.11
5. Tax : : | .
1) Custom . 35.90 o 35.90
2) Business & Stamp Tax (3.3 + 0.1%) 27.89 3293 60.82
3) Labor Tax (3% on local portion) _ 0 29.00 29.06 |
Sub Total 63.79 61.99 | 12578
Total | 82037 | 968.52 [1,788.89
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Civil Work |
Piling $300x 107 Pile (x 25 m) @ 9,000
- #350x78pile (x25m) @ 12,000
400 x 174 Pile (x 25 m) @ 14,500

{Baht)

1,500 1,123,500
2,000 1,092,000
2,500 2,958,000

: _ Sub Total 5,173,500
Ground Work (Pond, Rearrangement, Road)
" Pond ' 200 m? @ 500 100,000
Rearrangement 1,000 m?2 @ 300 300,000
Road 100'm?2 @ 300 - 30,000
- - SubTotal. 430,000
“Total 5,603,000
560 million B
Supplementary Work _
Parking Lot, 150 m2'@ 200 30,000
Canal Water Inlet Facility (1.5 km piping pump staiion) 2,251,000
Gate & Fence ' ' 50,000
Plantation ' 20,000
Lighting 15,000
Rain Water Drainage 65,000
Water Spray 10,000
Pavement 10,000
Total 2,451,000
2.45 million B
Tax
Custom [(Mé_chanical& Electrical Equipment - Engineering Fee, ...) x 50%

+ Freightage] x 10%

= (628.20 x 0.5 + 44.94) x 0.1 = 35.90 million B

Business_Tax Total x 3.3%
Stamp Tax  Total 0.1%

- Total x 3.4% = 820.37 x 0.034 = 27.89 million B
Labor Tax Local Total x 3.0% =968.52 x 0.03 = 29.06 million B
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Note)

1.
2.
3.

"The pmcc is the current pmc as of 1990. k
 The cqulpment cost includes desngn fee supemsm y fee and other related cost.
Following cxchangc rate is used for cost estimation.-

5Yen =1 Baht
Followmgs are out of our scope of work:

1)

2)

3

4)

General

1 Items not described on this quotation

Temporaly work

1 Countermeasure work against grade settlement

Civil and Bu:ldm g work

1 . Special dewatering

2 Fumiture

3 External work and Landscapxng

Building Service facilities _ .

1 Temporary electrical work for construcnon and permanent electncal work
outside of construction site
'Telephone wiring work outside of construction site

3 Expense forregular inspection ' '
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Table 10.4-5 Construction Cost in Steps

(Million Baht) in 1990 price

_ Tiems _ BT | #1 Furnace | #2,3 Furnace Total
: " Construction Schedule| 1993-1995 | 1998-2000FY
1. Mechanical and Blectricl Work
11.1 Equlpment : .
1) Waste Recepuon Systemn 124 00 20.00 144.00
'2) Incineration System 74,00 140.00 214.00
3} Gas Cooling System 9.00 - 10.00 19.00
4) Gas Treatment System - 30.00 37.00 67.00
5) Water Supply System 10.00 10.00 20.00
6) Waste Water Treatment System 15.00 4.00 19.00
7) Heat Utilization System 1.00 - 1.00 2.00
. 8) Air Preheating System 35.00 50.00 85.00
'9) Ash Handling System 32.00 20.00 52.00
10) “Elecirical Equipment. : 34.00 20.00 54.00
11) Measuring and Control System 28.00 30.00 58.00
12) Auxiliary Equipment . 4.00 1.00 5.00
o Sub Total 396.00 343.00 739.00
1.2 Freightage - | 2000 | 25.00 - 45.00
11.3 Installation Work 100.00 115.00 215.00
2. Civil and Building Work
. 1) GivilWork 5.00 1.00 . 6.00
2) Building - 547.00 94.00 641.00
_ -3) Stack : 44.00 0 44.00
' Sub Total 596.00 95.00 691.00
3. Supplementary Work (Parking lot, Canal Water 2.00 1.00 3.00
Inlet Facility, Gate and Fence, Plantation,
Lighting, Rainwater'Drainage, Water Spray
Equipme_nt and Pavemeni of Sub-area)
4. Insurance 15.00 6.00 21.00
Intermediate Total 1,129.00 585.00 1,714.00
5. Tax .
1) Custom 19.00 17.00 36.00
-2) Business & Stamp Tax (3.3 + 0. 1%) 41.00 22.00 63.00
3) Labor Tax (3% on local portion) 20.00 9.060 29.00
. Sub Total 80.00 48.00 128.00
“Fotal 1,200.00 | 633.00 | 1,842.00

3-49




Tabie '1.'().4~6 ‘Emolument

_(Miliion Baht) in 1990 price

. Fiscal Year

Manpower 1993 | 1994 | 1995 | 1996 :| 1997 | 1998 | 1999 | 2000 | 2001
| Manager 020 | 021 | 021 | 022 | 023 | 023 | 024 | 025 | 026
Engineer _ : o S T
Mechanicat 020 | 021 | 021 | 022 | 023 | 023 | ‘024 | 1025 | 026
_ Electtic 020 | 02t | 021.| 022 { 023 | 023 | 024 | 025 | 026
Equip. controller © 011 | 015 | 015 | 0.16 | 016 | 033 | 034
Operator ' : \ o
Cranc 096 | 118 | 122 | 125 | 182 | 1.99 } 205
Incincrator 096 | 118 | 122 | 125 | 182 |- 1.9_9_- 2.05
. Weigh Bridge 029 | 0.59 | 061 | 063 | 118 | 133 |. 137
Maintenance Crew 076 | 118 | 122 | 125 | 302 | 399 | 411
Cleansing Men 030 030 ] 031 | 032 | 050:{ 0.50
Guardmen 0.59 | 061 | 063 | 0657 100 | 1.03°|
Clerk Chief 017 | 022 | 023 | 023 | 024 | 025 | 026
Clerk Sub’ 015 | 015 [ 016 | 016 | 050 | 051
Total * 061 | 063 | 390 | 620 | 638 | 658 | 1010 | 1312 | 1352
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Table 10.4-7 ‘Manpower List

(Unit: person)
Manpower Unit of : . Fiscal Year
: Emolument | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
Manager 180,000 Bfy 1 1 1 1 1 1 1 1
Engincer
Mechanical 180,000 1 1 1 1 tp 1 1 2
Electric 180,000 i 1 1 1 1 1 1 2
Bauip. controller | . 120,000 08 1 1 1 1 2
Operator .
Crane 120,000 67| &8/ '8 8 | 113 12
- Tncinerator . | 120,000 6.7 8 8 8 | 113 12
Weigh Bridge - 120,000 2 4 4 4 7.3 8
Maintenance Crew 20,000 53 8 8 g | 187 24
Cleansfng Men 60,000 4 4 4 6
Guardiven : - 160,000 g - 8 8 12
Clerk Chief 180,000 08 1 1 1 1 1
Clerk Sub 120,000 1 1 b 1 3
Total 3 3| 25 46 | 46 | 46 67 85

Operators.o'f'cfane 8 pers_Ons), incinerator (8 persons), and Equipment Controller (1 person)
will have trainings during 10 months 1995, and 4 months 1999 for new operators.

Weigh_ Bridgéfo;)erators wiil'have trainings 6 months and 4 months 1999.

‘Maintenance Crew will have also trainings 8 months 1995 and 4 months 1999,

Chief Clerk will work 10 months 1995.

Unit is 1990 price and 3% of increase estimated every year,
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‘Table 10.4-8 Utility Cost

(Million Baht) in 1990 price

Items _ : _ Fiscal Year L C
1996 | 1997 |- 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005-14 |

Electricity 1037 | 1037] 1037 | 1037 | 18.66 | 18.66 | 18.66 | 18.66 | 18.66 | 1866
| Water 026| 026| 0.28] 036| 096| 102 1as| 122| 128] 134
Fuel 230 230| 205| 1s4| 307| 230] 15| 102 051] 026
Ca(OH)y 92| 192| 192] 240 720| 720| 768| 768 792( 792
Coagulant 002| 002| 002| 002 004] 0o04| 004 004| 004] 004
Coagulant aid 002| 00| 002] 002| oos| oos| 00s| 00s| 00s| 005"
Polymer - 007 007| 007| 007| 022 02| 02| o022 022| 022
Lubrication 001| 001| 001| 001| 004] 004 004| 004| 004| 004
Grease 001| 001| 001| 001| 001] 001| 001| 001] 001| 001
Others 006| 006| 006] 006] 0.9 019 019] 019 0.19 | 0.9 .
Total 15.04 | 1504 | 1481 | 14.80 | 3045 [ 29.75 | 29.50 | 29.14 | 28.93 | 28.74
Table 10.4-9 Utility Factor

Unit Unit : Fiscal Year _ : ‘

' of Cost | 1996 | 1997.| 1998 [.1999 | 2000 | 2001 | 2002 | 2003 | 2004 |2005-14-
Blectricity |KW | 27BAWh| 00| s00| s00| soo| o00| ooo| 900| 90| 900|900
Water myd | amm3| 200{ 200| 220 20| 750 800| 900| 950| 1000| 1,050
Fuel 1 8BA| 90| 900| 800| 600|1200 900| 600| 400| 200} 100
Ca(OH), | td 7500B| 08| 08| o8| 10| 30| 30| 32| 32| 33| 33
Coagulant | kg/d 7exg| 7| 7| 7| 7| 2| | 20| 20| 20| 22
AlLCl, | keid sBxg| 7| 7| 7| 7] 20| 20| 20| 20| 2| 2
Polymer | ke/d 225 B/kg 1 1 1 1 3 3 3| 3l 3l 3
Lubrication | kgfy | SOB&g| 250| 250| 250| 2s0| 750 750| 7s0| 750 7s0| 750
Grease kefy | 115Bag| sof so| so| so| 5| 75| s oas| 5| |
Others ¢ 200 B/d 1 1 ] 1 3 31 3] 3 3 3]
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Table 10.4-10 Table:of Maintenance Cost

(Miilion Baht) in 1990 price

#1 Furnace

 #2, #3 Furnace

Total Grand
_ , - Parts Repair Parts Repair Parts | Repair | - Total
1996 | 036  3.64 000 000| 036 364 4.00
1997 044 |  3.64 0.00 0.00 0.44 3.64 4.08
1998 1.82 9.09 0.00 0.00 1.82 9.09 10.91
1999 2,00 | 40.00 0.00 0.00 200 | 4000 | 42.00
2000 2.12 9.42 0.68 7.28 2.80 | 1670 19.50
2001 305 |  10.10 0.84 7.28 389 | 1738 | 2127
2002 | 355| 1140|346 | 1818 701} 2958| 3659
2003 3.61°]7 65.00 3.80|  80.00 741 | 14500 15241
2114 371 10.10 4.03 | 18.84 774 | 2894 . 36.68
2005 3.83 | 11.40 580 | 2020 9.62| 3160 | 41.22
2006 390 1370 675 2280 10.65| 3650 | 47.15 |
2007 395 |  77.00 6.86 | 13000 | 10.81 | 207.00 | 217.81
2008 399 11.00 7.05| 2020| 11.04| 3120| 4224
2009 405 13.00 728 | 2280 1133 | 3580 | 47.13
12010 416 | 14.00 7411 27401 1157 4140| 52.97
2011 4.65| 8400 | 7.51| 154.00 12.16 | 238.00 | 250.16
2012 494 | 11.00 758 2200 | 1252| 3300 4552
2013 527 14.00 770 | 2600 [ 1297 | 4000 | 52.97
2014 540 |  16.00 7.90 | 2800 | 1330] 4400  57.30
Toal | 64.80| 42749 | 84.63 | 60498 | 149.44 |1,032.47 | 1,181.91
Average 341 | 2250 4.45| 31.84 787 5434 6217
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10.5 Subsurface Invéstigation

' SUBSURFACE INVESTIGATION |
FOR
THE STUDY ON BANGKOK SOLID
WASTE MANAGEMENT
RAM INTRA AND ON NUT
BANGKOK
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STS Job No. 2870

October 22, 1990

I.. INTRODUCTION

The subsurface investigation for THE STUDY 'ON "BANGKOK SOLID
WASTE MANAGEMENT located at Lam Infra Final Disposal Site and On Nut

Incinerator Facility Area has been _cdmpleted. Total of six borings were

performed at above sites. Four borings,” némely BH-1L, 2L, 3L, and 4L, were

conducted at Lani lutra Site whereas the. remained :bofe.hole's, BH-IN and BH-2N
for On Nut Site.. The depth of boring is 20 i except BH-4L, BH-1N & 2N, down

to 40 m. The location of boreholes is shown in Figure 1& 2.

At Lam Intra Site, the borings were carried out on the comer of the

" pit which was excavated about 25 m deep but for On Nut site, they were drilled

on the garbage.

The purpose of this report is to summarize the field and laboratory

testing data.
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‘2. SUBSURFACE INVESTIGATION PRGCEDURE

_ 'Th.e. borého!es were executed by skid mounted drilling rig. The drilling
Was ‘coﬁimeﬁced .by 'meéps ol augering within 2 m and afterwards continued by
means of wash boring method till the end of bo:ring.. The upper part of borehole
‘was _stabi.lizéc_i b.y.steel casing, while the lower part was stabilized by bentonite

slu.rry_.

The disturbed samples were collected at 1.5 m intervals by using
standard split spoon 's’ampler during the performance of the standard penetration

tests carried out according to ASTM D-1586-84.

The six undisturbed safnples were also taken in soft to medium clay
layer by using pushed thin wall tube having diameter of 3 in. with 1 m length at

the depth of 1 m and 4 m for BH-1L and BH-3L but at 4 m and 9 m for BH-2L.

~In a standar.d penetration 't.est, a2 in. O.D. split barrel sampler' was
driven® into thé éoil_st:athml_\vit_h a 140 lbs safety type hammer falling through a
c_lista'nce of 30 inches 'sd'ccessivelly.ﬁntil a total. of 18 in. has been achieved. The
h_umber- of_ blows in the lagt_ 12 in. penetration will be taken as the standard

 penetration resistance SPT N VALUE.
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["seld perrneab111ty tests were done at the depth of 20 m in sand layer

in borehole no. BH IL & 3L. The type of test is variable head method.

In addition, pocket penetrometer was also used to fmd undrdmed shear

strength on all cohesive soil samples

The elevation of 'boreholés' referred to B.M._'ELeF 50.00 m for Lam

Intra Site and + 10.00 m for On Nut Site is shown as follow.

BOREHOLE NO. _ _ . Elevation, m

BH-11, R o aas2
BH-2L, : ' s 45.8
BH-3L L4
BH-4L R v 43.9
BH-IN T
BH-2N

o

10.5

3. LABORATORY TESTING PROGRAMME

The laboratory programme - for ' undisturbed _samplés" lincludes  the

following.

1} Scil Description (Visual description and Unifined Soil

Classification)
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2)

3)

4)

5)
6)

7)

o)

9)

Specific Gravity

‘Grain Size analysis including sieve and hydrometer test.

Natural moisture content
Unit Weight

A’tterbe_rg limit

‘Unconfined compression test

Un'consoiidai_;ed undrained triaxial compression test

One-dimensional consolidation test

" The - tésting ‘procedures were dome in accordance with ASTM

specification. The test results were presented in the Appendix of this report.
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10.

. APPENDIX

List of Terms Used

Unified Soil Classification

Charécterisﬁcs Per‘tinént to Embarikmedts & Foundations
ASTM Specification

D 1587 - 83

D 1586 - 84

Summary of Test Results

. Log of Boring

Gradation Curve
Field Permeability Test Results
Unconsolidated Undrained Triaxial Test Results

Consolidation Tests Results
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LIST OF TERMS USED

_ DRILLING & SAMPL!NG SYMBOLS

. 8$ : Split- Spoon~|3/3 10, 2" 0.0, excepf ‘where noted

‘ST : Shelby Tube =2" 0. D., except where noted
PA. T Power: A_uger Sample

DB : Diamond 8it ~NX: BX: AX:

CB :'Carbotogy Bit ~NX:BX; AX: o
0S -+ Osterberg Sampler—3"Shelby Tube
HS : Housel Sompler

WS : Wash Somple

'FT : Fish Tail

RB : Rock Bn‘

WO : Wash Cut

Standard "N" Penerrauon- Blows per foot of ¢ 190 pound hammer fallmg 30 inches
L on a 2 mch Q0 split spoon, except where noted.

WATER LEVEL MEASUREMENT SYMBOLS

WL : Woter Level WD : White Drilling

WCl: Wet Cave in BCR: Before Cosing Removal
DC! : Dry Cave In _ ACR: After Cosing Removal

WS : While Sampling =~ = AB . After Boring

Water levels indicated o the boring logs are the levels measured in the boring ot the times
'indit_:_med in pervnous so;ts. the indicated elevations are considered reliable ground  water
levels. In impervious so;ls, the uccurate determination of ground woler elevations is not
possible in even severgl days observation, and odditional evidence on ground . water elevg-
tions mus! be sought '

CLASSIFICATION

COHESIONLESS SOILS - COHESIVE SOILS
"Trace" N ',}-,o- "0 o 0,; It clay cantent is s_ufﬁcierit so that ¢lay daminates
""I'ror.e to same™ : 10 % ‘1o 20 'n,o . soil properties, then cltay becomes the principle
" Some " :' 20 % 10 35 % noun with the other major soil constiluent os
" And " . s 38 % 10 50 %% © modilier; re, silty clay, Other minor_ soil con-
vEr'y Lanse r O N=0=-6 . blows - stituents may be-added gccording 1o classifica-
Loose . N=4-10 Blows - tien breaKdown for cohesionless soils;i. e, silly
Medium . NzZIQ-30 blows. clay, troce lo some sand, troce gQravel,
Dense YN =30-50 blows :
Very Dense N ="over 50 blows Very Soft  ; 0.00 — 0,25 Tsf. or Q.- 2 blows
: Soft . Q25 - 0.50 Tsf. or 2 -~ 4 blows
Med&umr ol 0.50 - 1,00 Tsf. orr 4 - B blows
Sl ! 1.00 - 2.00 Tst or B - 16 blows
Very Stift  : 2.00 - 400 Tst, or 16 - 32 blows

Hard 1 .over _4.00 Tst. or over 32 blows

LIST OF TERMS USED
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: q . Designation: D 1587 <33

Standard Praclice for.

THIN WALLED TUBE SAMPLING OF SOILS'

" Thi sundan} 18 1sared woder the Ilm.i dcﬂgnmon D I‘3? the numiber |mmcdmelv miluumg the tk:ugnauon cmhc:un the veap o8
wongindl 1o0non W, 1A The v232 of e idion. the vear of lasy revuion. A numbee in parenihaes indicanes the vesr ol I.m re3pproval,
A WK ﬂ:rnlun Libandeees 3n odnum.l champ ance ‘the fas revvon or mppmml

They procuaee har h*c-: uppmuvf for w1e b\' ayencres o she Depanmint of Dufense and for tigtung 1a the DO teiden, @'Sp«!ﬁummm

" and Slundasd)

Smpe

1.1 . This pracuice covcrs a procedurc mr usmg
3 thi-walled | metal wibe (o .rgcover relaiively

" uadisturbed soil samples suuablc for taboratory

tests of structural properties. Thin. walled \ubes
used in piston. plug. or ro@ev-avpe samplers,

such as the Dcmson oc Picher. must comply -

with the portions of this practice wh:ch du:scnbc
the then-walled bes {3.3).

‘Nofg -t —-This pmcllc\e ducs not apply to linsrs us-cd
within the abgve sambplers.

1 ppllcnhle Dncuments

" ST Standdrds: .

D 1438 Practice for Descnption and !denuﬁ-

. caton of Sovs ( Visual-Maaval Procedare)t

D 3530 Practice for Ring- med Barrel Sam-
pling of Soils’ ] _

D1220 Practices foc Preserving and Trans
puning Soil Samples?

). Summary of Practice -,

"

31 A reladively vodisturbed sample- s, ob-
tnned by pressing a thin-walled menal 1ube into
the in-situ soil. kmosing the soil-lilled tube. and
scaling the ends 1o prevent the sl froms being
disturbed or losing moistire.

1. Swni!"mnce and USe

11 This practice, oc Pracuce D 3550 is used
when it is necessary 10 obilain a eelatively undis-
turbed specimen suitable for laboratony wsts of
structural properties Or other tesis that might be
intluenced by soil distucbance,

3 Appuralus

St Dol Equupmient—— Any drilling equip-
aent may Le aeed hat orovides 3 ceasonably
Hean haole:

3-66

hat <Joes Aol disturh the soil 1o be

sarnplcd :md lha( does nm hmdcr the pencinm.

_E__non ol the thin-whlled sampler. Open borehole
'dmmeter and the inside dlameler of driven casing

or hollow stem auger shall neoe exceed 1.3 umes
the autsice diameter of the thln walléd tube,
N Sampler Insertton Erfmpmem shall bc ad-
squate 1o provulr. a n:lauvclv rapid’ t.onlmuuus
pc:netraucn foice. For hard fonn.luons itmay be
necessary, allhough ot rccommcndcd o Jdnive
thc thin:walled tube sampler. o
3.3 ‘Thin-1Yalled Titbes. should be manu[’ac-

tured as shown in Fig. |. Thcy should havc an
_outside digriteter:of 2 {03 in. and be made of

metal having adequate strength Tor use in the soil
ahd [urmation inended. Tubes shall be clean

‘and free of all surt:lcc irmegularities mciudlng

pro;cctlng weld seams, :
5 31 Length of Tuibes—See Table 1 and 6.4,
3.3.2 Tulerances. shall- be” wuhm the limics
shown in Table 2.
3.3.3 Inside Clearance: me should be | %
or as ‘specified by the ¢ngineer or geologist I'or

the soil and formation to be sampled. Generally,

the inside-clearance ratio tised should increase
wiih the' incicase in pla.sucuy of the soil being-
sampled: See Fig, | lor delinition of inside cicar
ance ratio,

3.4 Curro'sion Prorecuon——Corroslon

"wheiher Irdm galvanic or chemical reaction; can

damnge or destrov both the thin-walled mbc and
the sample. Seventy of Jamage is a .funct:un ol

! Theg Dﬂ\u\c'l! undes the junsdiciion of ASTM Canmmaitee
0-1%3 on Zod fand Roct aad . the lieget eesooniibbuy, of
,uhmmm.uu 218 02 1o Sampling .\ml Refaied Freld Tesunyg
iar. Sl lanes nexng

Jurteat oiipin approvel RUTSAE I‘)!) Puhl-\h\d Merobr
193} ')nvn:l!v ulmluhe\j TRV RRLY N !I’ Last prevmus
noa .

[T ET sml W ISTY Smnumu'l ‘fnl e g
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timte. 35 wedl a5 ineraction belween the sample
and the tube, Thin-walled wbes should have
some l'orm of protectlive coaung Tubes which

wail rnnlam samrlcs for more than 72 h shaill be '

coated. The vpe of coating to bé used mav vary
depending upen the material 1o be sampled,
Costings mav include a light coat of Tubricating
ol lacaver. epoxy. Teflon. and others. Type of
spaung must b specified by the engineer or
geologisi i storage will exceed 72 h. Plating of
the tubes or alternate base melals may be speci-
fied by the engineer or geologist.

5.4 Sampler Head. serves o couple the thin-
walled lube 1o the insertion equipment ar_uj lo-

- gether.with. the thin-walled tube, comprises the

thin-walled tube samipler. The sampler head shall

-conlain a suitable check valve and a vénting area

to the ouiside equal lo or greater than the area
thiraueh. the check valve. Atiachment of the head
10 the tube shail be conceninie and coaxial lo
assure vniform agplication of force to the tube
by the sarnpter insertion equtpmenl

6. Procedure ) o

. 6.1 Clean oul the: barehote to sampling ele-
vation using whatever melhod is preferred that
will ensure the material’ lo be sampled is not
disturbed. Il groundwa!cr is encountered, main-
lain the hqund level in the boreho!c it or zbove

ground ‘waler level d\mng the samplmg opera-

tion:

6.3 Bollom 'dlschnrge bits 2re not permitted.
Side discharge bils may be usedt with cautiom
Jewting through an open-tube sampler io clean:
oul the borehole 1o samipling elevation is not
permilied. Rcmm- Ipose matesial from the cen-
ter of a =asing or holtow stem awger as carefully
as possible 0. avmd disturbanee of the material

to be samoled.

Norg 1 Rolles hils “are availahle in dJownwara-
jtllln! and diffused-j21 configuiations. Dovmward-jel-
ling configuration rock bits are aot aécentable. Diffuse-
Jet configurations are zenerally scceptable,

6.3 Place the eample tibe 3o that is bottom
rests on the bottom of the hole, Advance Lhe
sampler without rataion-by-3 continuous rela-
nvely rapid motign.

£4 Delérmine the leneth of advance by the
resistance and - condition of the formation, hut
the Iength <hall- azver exceed § to 10 diameters
af the tube In sands and {0 1o 1§ diameters af
the rube in clavs,

Mere T Weizhr 2 wample, nbaraory hanrfling en.

0 1587

panilitiza, transpeortanos problerms, and commercial
1vartabiiity of tihes will zenerally fintit mazimpm prac.
tical lengths 1o thowe thown in Table |,

4.5 When the formation is too hard for push-
tvpe insertion, the tube mayv be driven or Praclice
D 3530 may be used. Other methods. as directed
by the engincer or geologist. may be used. IT
driving methods are used. the data regarding
weight and fall of the hammer and penetration

. achieved nwst be shown in the report. Addition-
allv, that tube musl be prominently labeled a
“driven sample.”

6.6 In no case shall 2 length of advance be
greater than the saimple-tube fength minus an
allawance for the sampler head and 2 minimum
of 3 in: for studge-end cuttings.

NoTE 4—The wbe may be rotaled o shear boltom
of the sample after pressing is complete.

- 6.7 Withdraw the sampler from the formation
-as carcfully as possible in ordér 10 minimize
disturbance of the sample,

7. Preparation for Shipment

"1.1 Upon removal of the tube, measure the
lenath of sample in the tube. Remove the dis-
lurbed matenial in the upper end of the e and
measure Lthe length again. Seal the upper end of
the tube. Remove at least | in. of matenat from
the lowér end of the wbe. Use this material for
soil description in accordance with Practice
D 2488. Measure the pverall sample length. Seal

" the lower end of .he tube, Alternatively, afler

measurernent. the lube may be sealed without
removai of seil fram the =nds of the lube if so
Jirectad by the 2ngineer or geolapist.

Maorg $.—Fizld extrusion and gackaging of extruded
samples under the specific direcion of a geotechnicsl
ehgineer or geologist is pennitied,

MoTE 6—Tabas sealed d%er the ends a3 apposed to
those sealed il esoanding packers should contain

" end padding in end voids in ordér 10 prevant drainage

ar mavement af the sample within the 1ube.

7.1 Prepare and immediately affix labels or
apply markings as necessarv 1o identily the sam-
ple. Assure that the markings or labels are ade-
quaie o survive lransportation and storage.

3. Report

21 The appropnaie information i3 cenuired
a5 foilows:

310 mame aad locanan of the proaeet,

1.1 Banng aumber and precise incation on

aropect,
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2.1.3 Surface elevation or reference 1o ‘2 da-
Clum.

311 Dnte and time of boring—start and fin-
ish.

3.1.3 Depth to 1op of samnle and number of

sample,

3.1.6 Descnpunn of sampfcr size; rvpc of
metal, type of coating.

$.1.7 Method of sampler insertion: push or
drive,

3.y Method of drilling, size ¢ of hole. casing;
and dnlllng Muid vsed. :

ey Demh o groundwi(cr lc\cl d:le and

TABLE 1 Switable Thie Walled Stevd Semyle Tober’

D 1587

time mcasured

3.1.10 Aay pombfr cuerent or udaI cﬂ'ccl on
water level, -

- 81,11 Sail dcscnpunn in accord:lnce wnh
Pr'acuce D 2438,

8.1.12 Length of ssmpler advance. and

"3.1.13 Recovery: length of sample obtained,

9. Precisinn and Blas

9.1 This practice does not produce humcricn!

_ data: therelore, a precision and hlm s!alcmcnl s
- not :pphcablc

TA BLE l" _D[mmkm_ll To-krmﬂ fm'.n\fa-_'\:\'-lkd Twbes

Ohutside diameater

o, A
‘mm 0 15.2 LT
Wil thickness: I - :
By 18 18
" in, a0y 5085 0110
mm : [TRUE I 103
Tuhe lerpih: .
", . 18 L M.
m 0%t 091 c a3
Clerrarce ravip, % B ] o b

Normrial Tube Diameters from Table I Tokerances. in,

Site Quiside :

O Diamerer z . ! ) 3 .

OusHedlamerer #0007, w0010~ O3

. “0.000 ~0.000 ~0.000

Inside dizmeter +).000 +9.000° + 000
: 0607 -0 . L -4013

Wil thixkress L0007 - 200100 0018

Ovality ... oot 0010 . 0030
Stemightress - T 0.03/0 003N n.03o/n

2 The threx dizertren mmmcmkd in Table | ere imdhomed

Tor parposes of suandarditstion, sed tre not intended 10 indicate

(ihat mmpling lubes of imermedine o larper divmeren are ot

sceptable, Lenqidt of Wwhes shown s iltunraive, Proger
Yenuih 1o he determinnd 33 wirnl to feld conditinny

* intermediaie or 'lirgu dismveiers thould be progaransl.’

Tokranm thoam are g-nenu:lly standeed tommential msny.
Fattering toleringes for seamies niee mechanical tohing, Specify
onlby ten of 1he firn 1im.-¢ tlertrerss: 1hal nOD and D ot
Q.0 and \V:l! e L0 amd Wali,

3-68
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in-n-ﬁ e e L BT, 11, W 1 ‘Soqcll.i--j n Majhod e — md
f'.%." {—Gage oy ' i l'm-ﬂ-JI : i
Lo I Soecilted .

-T

A

L }. dig tMIn' _ i

]
L]

S

R -.h_ -

—
.
1

el

Agrin ‘—]BGI"JME Aotig = .*L.,ODOP

% . L] Moynting Hntasy
d Mare | —Minimuym of vam mounting holes on oppatite sides for 1 10 % in. sampler,

Nare J—Mimimam of faur rnrmnlmg holes spced at 837 Tne ‘.‘Jmnlm 2in, and larger.

Nt o Tube neld with hardenerd screa

NOTE \— Tarninich gritaule sfiameter rishes are specriies =ath an {A-gage »all shickness to cnmply with e ratia ertens scceptad
for “undiuythed amples © Ut are advaed that such tubing o8 dilficult to hx:uc and ean he extrernely svouative an emadl
quannties Sivnen.qage rubey i genenaily nadily available

Mietric Eqnltllenls

L, A . mien
" 5§17

] 1.7

| 154

1 508"

: L ’ : C 38y

: o : {11

FIG. 1 Thin-\Valied Tube Inr Sampling

The. {mn-mn Snrrrh‘fw Testing end Mauerials takes nn patition rnr«fr.ﬂ; the vrlfufnv r'!nnv petent righty rulrflrd in ¢cgnagciinn
wath drv ofpem meititoned in this wandard, Users of this tandord are expressly agvised that detrrmmnaniun af the mhmr\' of anv puch
,Mffm rr(ﬂn and Hn- nri ofmﬁrnpmrﬂl‘ olerch rl(-’ln are eoarely thewr awn rexpanadiiny i

Fa\u‘ rmurffrn.f it endiect " rrvl!rmr ar any tire hovthe responcible frdunruf edmmtiliee andmm.r be revieved every five vears and
if ne rrviced tthre evappreved g withdigwn Yaur comments are nvied enther for erviston of this tandard ar far additnnai
“tandardy and phoild be addreried fg ASTM Headquarers, Your cammemin wall eeceive corefid constdorgtton ol o mveting of the
sespeittble techmicol rpmmrrr" waich you mav gicend. If you [rr{ Aat vaur commrenis kave anr received o fair searing i tannnd
% ks yosue vxeact kntewn ta the tS'TII Cnmmmn o iandordi 1916 Race St. Phitadelphia, g 1910}
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qgn') Designation: D 1586 ~'34

. Standard Method for-

PENETRATION TEST AND SPLIT BARREL SAMPLING OF

SOILS‘

This tandard is issued undet the fired designanon © 1588: the number immedisicly follgbing the designation indicites the year of
gnginaf adogtion or, in the casz of revidan, the year of last revision. A number-in parentheses indicates the year of last mppmul
A supersenpt cps-!on {¢} indicates an editoniaf change since the last mnnon ar ruwmvﬂ i

This methed has been appraced for nie by awmu of the qummm! o(theruc andfor!r.mng in the DOD Index o]' ?p«ifmuan; )

and Standards.
. Scape -

[.1 This method describes the proczdum gen-
erally known as the Standard Penetration Test

(SPT), for driving split-barrel sampler to obtaia -
a representative soil sarople and a measure of the _

resistance of the sod 1o penetration ol' the sam-
pler.

1.2 This standard may involve ha‘ardotu ma-

tertals, operations. and equipment. This standard
doés nol purport (o address afl of the saferv prah-
ferns associated with us use. it is the responsibil-
ity of whoever uses this standard to consult and

- establish appropriate safery and health practices

and determine the applicability of regulatorv limi.

iations prior to use. For a specific precautionary

statement. see 5.4.1.
1.3 The values stated in mch-mund units ars
to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

D 2487 Test Medhod for Classification of Soils
for Engineering Purposcs®

> 2438 Practice lor Descniption and ldenul‘-
cation of Soils ( Visual-Manual Procedure)’

D4220 Practices for Preserving and Tran&
porting Soil Samples®

1. Descriptions of Terms Specific te This Stand-

ard

3.1 envil-—that pontion of the dnve-weight as-
semblv which the hammer stnkes and through
which the hammer snergy passes inta the drill
rods.

3.2 cathead—the otating drum or wigdlass
in the rope-cathead hift svsiem around which the
operator wraps a rnpe "o lift and drop the ham-

wier by successwclv ughtemng and loosemng the
rope turns around the dram.
3.3 drifl rods—rods used lo: transmit down-

' ward force and lomque to the drill bit while drill-

ing 2 borehcle.

. 3.4 drive-weight amzmb[v—a device consist-
ing of the hammer, hammer fall guide, the anvul
and any hammer drop system. .

3.5 hammer-~that portioy of the drive-weight

.ass-:rnbly consisting of the. 140 £ 2 1b (63,3 = | .
" kg) irpact weight which is successively, lifted and
dropped to prowde the cncrgy that accomphshcs ’

the sampling and perietration.
3.8, hamrmer drop srsiem-—-that portion of the

drive-weight agsembly by which the operator ac-

complishes the lifung and droppmg of lhc ham-
mer to produce the blow,

3.7 hammer foll guide—that part of the drive-
weight assembly used to guide the fall of the
hammer.

18 N-vaite—the bluwcaunt reprcsenisuon of
the penetration resistance of the soil. The M-
value, reported in blows per foot. equals the sum
of ‘the ‘number of blows required to drive the
sampler over the depth interval of 6 10 .18 in.
{150 10450 mm) {sce 7.3).

).9 :AN—the nimber of blows obtained from
each of the 4-in. ({50-mm} intervals of samplcr
penetmllon {see 7.1).

210 number of rope lrrmr—-—!hc total contact -

ang,le betivesn the rope and the cathead at the

! This ~erhed 15 gnder the junsdiction of ASTAM Commitiee
-18 g 5ol ind Rock amdors the direcl mesponhiting of
Subcammuee D13 02 on Sampling and Relaied Field Testine
Tor Sail Imvesugations.

Current edsugn aoproved Sept. 14, 1984, Puhhshcd Novem-

her 1984 Dnqinally puhlished as D E586 - 38 T. Lasy previnug
chition [ (36 - 471970, )
1 Vumiead Bool er ASTY Signedards, Vol 04 OR
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15]}1 0 1586

begmnmg of lhe operator's rope slackemng lo
drop. the hammer, divided by 360" (scc-Fig. 1).

2 3.11 sampling rods—rads that connect the
drive-weight assermbly to the samplcr Dl rods
ate often used for this purpose. .

©.3.12 SPT—abbreviation for Standard Pene-

mauon Test. a terma by which cngxneers com-’

moaly refer to this method

Srgml'\:nnce :md Use . .
_ 4.1 This method provides a soil. sample for
ld:uuﬁcanon purposes and foe laboratory tesis
appropna:e for soil obt:uncd from a sampler that
‘- ‘may produce Iargc shear strain dislurbancc in the

- sample..

- 4.2 This method is used exteosivelyin a grcst_

variety of geotechnical exploration projects.
Many local correlations and widely published
cortefations which retate SPT blowcount. or M-
value, and the engineering behavior of earth-
.works and !'ouridzu'ous are available.

i
- & .»\pparalus - -

5.1 Drilling Eqmpmem-nAny drilling cqmp—
ment that provides at the time of sampling a
suitably clean open hole before insertion of the.
sampler 4and ensures that the pcnelrauon test is
petrformed on undisturbed soil shall be accepta-
ble. The lollowing pieces of equipment have
proven ta be suitable for advancing 2 borehole
in some subsurface condmons :

5.1l Drag. Chapping, and Fishtail Br_fs, less
tham 6.5 in. (162 mm) and greater thao 2.2 in.
(56 mm) in diameter may be used in conjuction
with open-hole rotary drillisg or casing-advance-
" ment drilliog methods. To avoid disturbance of
the underlying soil, bottom discharge bits are not
permiitted: only side discharge bits are permitted.

" 5.1:7 Roller-Core Bits, less than 6.3 . (162
mm) and greater than 2.2 in. (56.mm) in diam-
eter may be used in conjunction with open-hole
rotary drilling - or “casing-advancement dnlling
rethods if the drilling fuid discharge is deflected.

5.1.3- Hallow-Stern Continuous Flight Augers,
with or without 2 center bit assembly, may be
used 1o drill the bordng. The inside diameter.of
the hollow-stern augers shall be less than 6.5 in.
fl62 mm) arig greater than 2.2in. {56 mm).

S5 Solm’ Continuous Flight, Bucket and.

Hand Augert, 12ss than 6.5 in. (162 mm) and
areater than 2.2 10 (36 mm) in diameter may be
used if the soil on the side of the boring does not

cave onto the mmpler ar sampling rods during
samphng

o5 Samp!mg Roa’s-mFlush -joint steel dall
rods shali be used 1o connect the “split-barrel
sampler to the drive- weight assembly, The sam-
pling rod shall have a stilfness (moment of iner-
lia) equal o or greater than that of parallel wail
“A" rod {a steel rod whxch has an outside diam-
eter of 1% in. (41.2 mm) and an inside diameter
ol I'/a in. (28.5 mro).

‘MotE 1—Recent research znd comparanve testing
|nd:cnu:s the type rod used. ‘with stiffocss caoging from
“A" size rod to “N" size rod, will- usually have 1
negligible effect ou the M-values to dcplhs of at least
100 A {30 -m). :

5.¥ Split-Barrel Sainpler——Thc sampler shall

" be constructed Wwith the dimensions indicated in

Fig. 2; The driving shoe shall be of hardened steel
and shall be replaced or repaired when it becomes
dented or distorted. The use of liners to produce
a constant inside diameter of 1% in. (35 mm) is
permitted, but shall be noted on'the penctration
record if used. The use of a sample retaicer basket
is permitted, and should also be noted on the
pcnclrauou record if used. .

MoTe 2—Both theory and available test dzla suggest
that M-values may increase between 10 1o J0% thn
{iners are used.-

5.4 Drive:Weight Assembly: :

5.4.1 Hammer and Anvil-The hammer shall
weigh 140 % 2 Ib (63.5 % | kg) and shall be a
solid rigid metallic mass. The hammer sball strike
the apvil aod make steel on steel contact when it
is dropped. A hammer fall guide permitting 2
free fall shall be used. Hammers used with the
cathead and rope method shall have an ua-
impeded overlift capacity of at least 4 in. (100

* mm). For safety reasons, the use of a hapmer

assembly with an interoal anvil is eocouraged.

Nore J—ltis suggested that the hammer fali guide
be permanenlly marked 1o eoablé the operator or in-
spector 10 judge the hamsmer drop height

5.4.2 Hammer Drop System—Rope-cathead,
trip, semi-automalic, or automatic hammer drop
svstems may be used, providing the lifting appa-
ratus will not:cause penctration of the sampler
while re-engaging and lifting the hammer.

3.5 Accessory Equipmeni-—Accessones such
a5 labels, sample conuiners, dawa sheets, and
groundwater level measuring devices shall be pro-
vided in accordance with the requirements of the
project and other ASTM standards.
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6. anlmg Procedure '

~ 6.1 The bOnne. shal] be :ldvanccd mr:remclr-
“taliy 10 permil intgrmitient or continuous sam-
pling. Test mler\:\Js and locations are normally
. stipulaied by the pro;ect enmnccr of: geologist.
Typically, the intervals selected are § n(r, 3 moi)
or less in’ homogcneous strata with test and sam-
pling locations at every change of straa.

6.2 Any drilling procedure that provides ‘a
suitably clean and stable hole belore insenion of
the szmpler and assures that the pedetration test
is performed on csscnnallv undisiurbed soil shall
be acceptable. Each of the iollowing procedures

have proven to be acceptable for some subsurface
conditions,  The . subsurface conditions antici- .

pated should be considered when selecnng the
drilling method to be used. :
. 6.2.1 Open-hole rotary dnllmg mcr.hod
6.2.2 Continuous (light holiow-stem auger
mc:hod .
6.2.3 Wash bonug mclhod
6.2.4 Continuous flight solid auger m:thod
6.3 Several drilling methods produce - unac-

ceptable borings. The process of]cmng throuah _

an open tube sampler and then samplmg whcu
tie desired depth is reached shall nat be permit-
ted. The continuous fight solid auger method
shall not be used for advancing the boring below

a warer table or.below the upper confiniug bed .

of 4 confined non-cohesive stratum that is under
artesian pressure. Causmg may. nol be advanccd
below the sampling elévation prior to saropling.
Advancing a boring with boitom discharge bits

" is oot permissible. 1t is not permissible 10 advance
the boring for subsequcm iusertion of the sam-
pler solelv by means ‘of previous 5amplmg vhh
the SPT sampler. )

6.4 The drilling fluid level within the boring
or hollow-stem augers shall be maintained at or
above the in situ groundwater level at all times
during drilling, removat of drll rods, and sam-

pling_

1. Samp[mg and Tesnng Pmcedu:e

7.1 After the boring has been-advanced to lhc
destred sampling clevaton and excessive cuttings

have been removed, prepare for the test wuh the

following sequence of operations.
7.1.1 Anach the split-barrel sampler to the
sarnpling rods and lower into the borehole. Do

not ajlow the samplcr to drop omo lhe sml to be
sampled, :

7.1.2 Position the hammer above and artan:h'.

the anvil to the top of the sampling rods. This
may be doae before the sampling rods and sam>
pler are lowered into the borehale.

7.1.3 Rest the dead weight of the sampler,

rods. aavil, and drive weight on' the bottom of

the boring and apply a seating blow. If excessive
cuttings are encountered at the bottom of the
boring, remove the sampler and sampling rods
from the bormg and remove the cuttings.

AR “Mark the diill rods in three stccessive

“Gein. (0. 15 m} increments so that the advance of

the sampler under the impact of the hammer can
be casnly observcd l'or each. 6 -ia. (0 15- m) incre-
menL.

. 1.2 Drive. the samplcr wnh blOWS from lhe X
140-1b (63 5: -kg) hammer and couﬂt the uumbcr

of blows applied in each 64 -in. 0.15- m)mcrcmcut
uatil ooe of the following occurs:

1.2.1 A to1ai of 50 blows have been apphed
dunng any one of the three §-in. {0.15-m) incre-
ments described in 7.1.4:

: 7 2, 1 Alotal of 100 b!ows have been apphed
7:3- There is no. observed, advance of the

'mmpler during the apphcanon of 10 successwc

blows of the hamm:r :

7.2.4 Thc samplet is advanccd lhc comp!ele
18 in. (0.45 m) without the limiting blow counts
occurring ds descibed in 7.2.1, 7.2.2, 0\'723

1.3 Record the number of blows ;equnrcd te
etfect each & in. (015 m) of pénetration of frac.

-tion thersof: The first 6 in. is considered to be a

seating drive. The sum of the number of blows
required for. the second and third 6 in, of pene:
tration is termed the “stapdard pcnelrauon re-
sistance”, or.the “N-value”. !F the sampler is

driven less than 18 in. (0.45 m), as permitted i in
1 1.2:1,.1:2.2, 00 7.2.3, the number.of blows per
cach complete 6-in. {0.15-m} increment and per’

each partial increment shall be ‘recorded on the
boriag ]og For.partial incremients, the depth of
penctrallon shall be reportéd to the nearest | in.

(25 mm), in addition to. the .number of blows. If

“the-sampler advances below the bottom of the

boring under the static weight of the driil rods or
the weight of the drill rods plus the static weight

“of the hammer; this information should b-’ "mcd

an :he bonng loe. . .

A Tht raising and droppmg of the 140-1b
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163.5-kg} hammcr shnil be accomphshed using -

¢ither of the rollow\ng wo miethods:

7.4 By using a tnp, _autornanc OF sergi- -au-
lor\atlc hammcr drop syétemn which lifts the 140-
1b (63.5-kg} hammer :md allows 1t to drop 30 *

1.04m {0.76 m % 25 mm) unimpeded.

4.2 By using a cathead o pull a rope-at-
tached 1o the hammer.: When the cathead and

rope method is used the system and opcrauon'

shail conform to the Following: _

1.4.2.1 The cathead shall be essentiatly {ree of
rust, oil. or g‘rem'b and have a diameter in the
range of § to 10 in. (150 tg 250 mm).

7.4.2.2 The ¢dthead should be operated ata
minimuon speed of totation of 00 RPM, or the
approximate speed of rotation shali be reporied
on the bonng log.

7.4.2.3 No more than 2‘/: tope lurms on the

cathead may be used during the performance of
the penetration test, as shown in Fig. 1.

Mote 4-—The opcmior should generally use either
1% or 2% rope turms, dependiog upon whether or pot
the rope comes ofl" the iop (I’I’- lurns) or the bottom
(2% turns) of the cathead. It is gcnc_ra_lly kaown and
iccepted that 2% or more rope turns considerably
impedes the fall of the hammer and should not be used
to perform the test. The cathicad rope should be main-
lamcd ina rzlauvch' dry,¢lean, and unlrayed condition.

.7.4.2.4 For each hammer blow. a J0-in. (0.76-
m) lift and drop ‘shall be emploved by the oper-
ator. The operation of pulling and throwing the
rope shall be perforimed  thythmically without
holding the rope at the top of the stroke,

1.5 Bring the sampler 10 the surface and open.
Record ‘the percent recovery. or the length of

-sample recovered. Describe the soil samples re-

covered is.lo composition, color, stratification,
and condition, .then ‘place one or moré iepre-
sentative portions of the samiple into. sealable
moistire-proof containers (jars) without ram-
ming or dlstomng any .apparent stratification.
Seal each container to prevent crap-orzuon of soil
moisture. Allix labels.to the comtainers bearing
job designation, boring number, sample depth.
and the blow count per §-in. (0.13-m}increment.

- Protect the samples against extreme temperature

changes. Il there is a soil change within the
sampler. make a jar for each stratum 2od note
its location in the sampler barvel.

8. Repoﬂ .
3.1 Dnlling mlormauon shall be recorded in
the field and shall include the following:

3.1.1. Name and tocation of job,

8.1.2 Namesof crew,

* 8.1.3 Type and make of drilling machine,

8.1.4 Weather conditions.

8.1.5 Date and time of start and finish of
bonng

3.1.6 Boring number and !ocauon (station
and coordinates, il available and applicable),

8.1.7 Susface elevation. if available,

8.1.8 Method of advancing and cleaning the
horing,

8.1.9 Mcthod ol’kccpmg boring open,

3.1.10 Depth of water surface and drilling
depth at the time of a noted loss of drilling Nuid,
and time and date when reading or notation was
made,

8.1.11 Location of strata changes,

8.1.12 Size of casing, depth of cased portion
of boring,

8.1.1) Equipment and method of driving
samplet,

&.1.14 Type sampler and length and inside
diameter of barvel (note use of liners),

8.1.15 Size. type, and section leugth of the
sampling reds, and

8.1.16 Remarks.

8.2 Data obtained for each sample shall be
recorded in the field and shall include the follow-
ing:

§.2.1 Sampicdcpth and, if utilized, the sample
number.

8.2.2 Description 0fsoil.

8.2.3 Strata changes within sample,

8.2.4 Sampler penetration and recovery
Ieng(hs and

8.2.5 Number of blows per 6-in. (0.13-m) or
partial increment.

9. Precision and Bias

9.} Vanations in M-values of 100 % or more
have been observed when using different stand-
ard penetration lest apparatus and drillers for
adjacent borings in the same soil formation. Cur-
rent opinion, based on field experience, indicates
that when using the same apparatus and dniler,
N-values in the same soil can be reproduced with
a ceelficient of variation of about (0 %.

9.2 The use of faulty equipment, such as an
extremely massive or damaged anvil. 2 rusty
cathead, a low speed cathead, an old. oilv rope,
or massive or poorly lubricated rope sheaves can
significantlv contribuie 10 differences in V-values
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obutined between operator-drill nig systems.

9.3 The variability in’ N-values produced by’
different dnill igs and operators may be reduced |

by measuring that part of the hammer Euugy

aed

{a} eounterclockwise roauon
- approimately 14 rums

8

1y
e

(&) cleckwise rowagon
ipprosimately 1% turns

F1G. I Definirioas of the Number of Rope Tums and the

delivered into the drill rods from the sampler and
adjusting /¥ of the basis of comparative energies. -
A method for energy measureruent and N-value
adjustment is currenty under developrient.

Ugeraldr herg K
. 5

Section A-A

©

Operator_here

: Sectlon B—.B

Angle for {8) Counterclockwise Rowation 1ad {3) Clocknise Rotasios of
the Cathead :
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| LOG OF BOR]NG NO BH-1N
’ . L ) 1HE STUDY ON BANGKOK SOLID WAST’E : : . : .
PROJECT -NAME, LOCATEON.ON NUT INCINERATOR FACILITY AREA
_ MANAGEMENT . ;
OWNER - '
i ' " O Su{uc) Hu
a b o Co - ‘ u{UC & Su{uc)
E_. ;8 ! E E,_ | ol () NGIU{Q‘I .Warer COﬂlOQF A Sy (FV) A S\f{F\’)
TR R el T S 9 % Plostic . Limit CxQpra
T |2 u [u DESCRIPTION OF MATERIAL v T L armh
El1%| o ;f§ : ) 2| A'ttiquid  Limit 2.8 8 7.8 ‘
© ot <f | g R h : . f 1 ;
BRI g o DRRE—. |
: - © . ] ] SPT, N (Blow/{t)
2 : - : 2040 80 80 _jo0 2 o a0
_ " JCLAY with garbage, dark grey. ' : :
Ly 1,5 m .
1| ss P 03
2 |ss & T3
s 13 |ss s
4 |ss. ,
5 éS"'af’)CLAY trace shell .fragnj-ent. greenish #J
grey, soft, ' 1
(CH)
6 |ss 1
O - o
é
7 i8S all
8 | Ss -1
9 |{s$ 153 :
: 15,0 m TN
=1 | - \
16i8ss B
“ e
1|55 & _ ' 523
Silty CLAY trace fine sand, greyish \
12185 brown but greemsh grey @ §5-12, stlff /{] 78
to very st1ff , - A
30 13 |ss Bz (O E/IB '
14 |SS 5
—_— 3 3
:
ERES S | };\23
23,6 . m \\
1 . . . N . . :
25 1% Silty tino SAND but medium to coarse 3l Y 58
grain @ §5-19, greyish brown, denss to o .
vary danse, (SM) o O S R
| BORING STARTED. '16/10/90' Irio. PorTasLe ' | wi..;.50 M 2% HRS
o e b OAFTER BORING.
BORING FINSHED. 7)/)0/00 |FOREMAN. ¢q JO8 No.- 2870
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LOG OF BORING No.

BH-1N

'PROJECT NAME.

THE STUDY ON BANGKOK SOL1ID -
'WASTE MANAGEMENT

LOCATION. OM NUT INCINERATOR FACIUTY AREA

OWNER .
w T s
SR A o Netuwal . O Su(UC) . @ Sd{uc)
' 5 5 EE 5 | | © atural Warer Content A Sy (FV) A SU.(FV)
E; w 0“) _ Qm . : . o . 9 X Plastic Limit % Qp/2 o
AR DESCRIPTION OF MATERIAL o T fr/7ma
A S 28 = & Liquid  Limit 28 L 7.8
L | E 6] xr ) ! : .
S | | g [B% o
Qlele s = (%) _
: e ) _ 0O sPT, ¥ {Blow/f1)
2 20 4080 80 100 2 40 __ 80
17| ss ] e ) - | @,
j Silty fine SAND but medium to coarse
: L grain’'@ 55-19, greyish brown, dense ‘ /
i8] ssE¥A o vary ‘dense. % _
(SM_) i : :
19| 55 A )7
| . S , ‘ 29._8. m /.‘/
20 | 85 o Silty CLAY trace fine sapd, li-brownish = %
| f.1areys VGry.stiff:
] ey 31,5_.m
21 | S8 L Fine sandy CLAY, greyish brown, E J 49
S hard, "(CL) : 33,0 m //
22 33:37_; /D -
Ll L : ' 19
Silty CLAY some fins. to rnedlum sand
| pocket; greyish brown. vary sitff to . \
24 |SS 74 hard, }] 20
_‘ (L) 3703 m
25 | ss 324 Clayey fine SAND, grey, medium dense, p{ﬂ
- (sc:) :
126 |ss A - 39,45 E J—
ag | | - | - -
_____ END OF BORING
A
i
| |
| C
: ] |
BORING STARTED, 10/10/90 |pjg. PORTABLE |y -1.50 M- 24 HRS
’ : : ] AFTER BORING.
BORING FINSHED. 11/10/g9 |FOREMAN. gp JOB No.. o570
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LOG OF BORING No. -2

3

oo THE STUDY ON BANGKOK SOLID L o o
PROJECT NAME, wASTE MANAGEMENT LOCATION. ON NUT INGINERATOR FAGILI 7Y AREA -
OWNER
Y ' o él (e Sy{u
: : u & Su{ug)
SRR - .
$ § E»I . © Q Naotural Water Conlmr A Su(FV) : A:Su(FV)
ElwloaE 31 X Plostic ern X Qp/2 ooty
e R DESCRIPTION OF MATERIAL 0 ety -
ElE :§ £ A Liquid Limis 2.8 8. T8 '
W= | 13 I . i el L N
AlelaE & (%)
_ - ] _ _ ‘0 SPT, N (Blow/tt)
0 : 20 40 80 89 [og Fa 0 80
1 |ss & .
-] | | cammace,
2.]1s5 P .
s 3 |ss & 50 m
4 183 [z 1,
5 [sg EQ o : 2
GLAY trace shell fragment, greanish
1 | grey, soft,- T
o & ;S = (CH) .
7 fss [ : %&l 1
8 |S$ & 1
9 |ss 'éz [52_
15 _ ' ' 15,0 m \
10 [ss B D\ 10
N |ss 2 } 20
Silty CLAY trace fine sand, greyish . \
brown but greenish grey @ $5-12 & 14, -
12 i385 P2 S
-] i Z= stiff ‘to hard, ? 17
—. (CH) T4
20 13 Iss i 55 X
14 |ss (44 AT E
“he |ss T I 45
75 o
25.5 _m ! '
(50) | o
M. 24 HRS

BORING STARTED. +2/10/%0|mis. porTasie

WL -2.09

FTER BORING.

BORING FINSHED. 13/10/90 | FOREMAN. sg

JOB No.

2870
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LOG OF BORING No. oi-n

THE STUDY ON:BANGKCK SOLID . -
PROJECT NAME. 4ASTE MANAGEMENT ' : LOCATION. oN NUT INCINERATOR FACILITY AREA
OWNER
& R O Su(Uc) @ sd(uey
3 5 §§ 0 O Noiural Water Content A Sy (FV) A S{(FV)
wl @ |85 ' e 3| x Posic Limir x Qpr2 2
2| uE DESCRIPTION OF MATERIAL o o @ms
& o 4t , . . = A Liquid  Limit 2.B ] 1.8
< ow R [ ! L —
_ [ _ 5 O SPT, N (Blow/ft)
25 d : 2040 80 80 igQ 2 ) 0
I [ N T 255 m NE o7
171 35 f““4Clayey fine $AND trace medium sand, . ' L
: 1 {grey, very desgse. {5C) 27,0 m ' /
1808s & - T : 55
- 1ol ss b Silty fine SAND trace medium sand,
brownish grey, dense to very dense.
). |- 1 (5M)
20| s 2=
‘ _ R : o N 58
: ' : ' 31,5 m : :
21| S5 ddh
22] $5' 271 Silty CLAY trace fige sand, greyish T - A
Li-brown, hard.. _ ' ' ' A
: {CHY
S8 {2 _ ‘ : E’ 45
’ 36,2,
24| s [Zmm— o ' B - ‘ﬁj 53
| _ Silty fige SAND trace medium sagd, : ' :
25| ss 4 |brown, dense. ;{} g
(M)
76| s5 1A ' 39.45_m MY
40 _ _ _
- END OF BORING
I .
i |

BORING STARTED. 12/10/90 |RIG. PORTABLE |wi-2.00 M 24 HRS
: AFTER BORING.

BORING FINSHED. 13710700 |FOREMAN. sp | JOB No.. . 2g70
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Chapter 11. Disposal
- li'-'.l_ Design:of Leachate Treatment _P"l'arit
11.1.1 Study on Suitablc Lcachaté Treatment System'in Bangkok

At present, the BMA apphes open dumpmg methods for all landfill site Leachate from open- _
dumping, This creates a negative impact to surroundmg env:ronment because of the h:ghly.e ‘
‘concentrated leachate with cons1derable potennai for problems caused from the leachate.
* Therefore a suitable Ieachate treatment system must be considered. In order to select the
suitable leachate treatment system the followmg items must be exammed

Present conditions leachate at existing ;disposal sites,

Design charactensncs of influence leachate, . _

Design charactenstxcs of the efﬂuent from the leachate treatment plant and _
Proposal of the leachate treatment system design which is based on of effluent

quality.
1) Present Conditions of Leachate at Existing Disposal Si_tés

Characteristics of 'thelleachate at On Nut and, Nong_Khacm are shown in: Tables 11.1-1 and
11.1-2, The concentration of COD is higher than that of BOD; the range of $$ is large (as
thirty times at On Nut disposal site); the annual change of quality is not clearly observed. -
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~ Table 11.1-1 Characteristics of the Leachate at On Nut Disposal Site

. _ Data
Itlems | Unit 1988 1990

' Oct, | Dex. Feb. Aur, Jun. Aug, Oct, Dec.
Temperature| °C | 2951 258 30.5] 330|310 2000 200 245
Lon | 82l 83| sal. s&s| sal 82| 70| 80
L Atkatinity | mgn| 8500 | 6,000 | 6000 | 5650 | 3000 | 2,040 | 3060 | 3.400
BOD | " | e | 106 | 167 | a0 |. 48 95 | 205 | 300
|cop v | 3840 | 2400 | 2530 | 3004 | 2401 | 2744 | 1744 | 1,700
T-KN ] 1625 | soa4| soa | 9053 | 280 | 224 | 897 | 560
s8 " 1471 | 886 117 | 135 63 | 16 | 460 37
s + | o678 | 9232 | 9857 | 11013 | 9430 | 6800 | 5884 | 6478
VS " | 2753 | 4964 | 2440 | 2693 | 2070 | 1,708 | 1,568 ! 1,606
Stdge | " | 6927 | 9224 | 7417 | 8300 | 70256 | 5,002 | 4316 | 4872
. Data Siginificant

- Level |

ftems Unit 1990 Ave. Range SD Cv (95%)
' Mar, Jun. _

Temperatwe| °C | 200 290|  290| 245-330- | 24| 383% | 273-307

pH - 79| 83 81| 7.0-85 04| #49% | 1.8-84
Alkatinity | mg/1| 2460 | 3980 | 4409 | 2,040-8500 | 2,048| +46:5% | 2944 - 5874

BOD sl oeo | 30 | 244 | 4g-aa9 198] $81.1% | 126362
coD 1444 | 3530 | 2,552 | 14443840 | 787| +30.8% | 1,988- 3,115

TKN. | 168 | 616 | 633 | 168-1625 | 435| 4687% | 302944

SS. v 16 | 600 287 | 371,177 365 | +272% | 26- 548
TS v | 6576|1400 | 8904 | 5884-14002| 2,541 +28.5% | 7,086 - 10.722
lvs . v 1412 | 3396 | 2471 | 1412-4964 | 1,083 | +43.8% | 1,696 - 3,246
Sludge + | sa64 1069 | 6928 | 4316-10,696| 2,089 | 43029 | 54348422
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Table 11.1-2 Characteristics of the Leachate at Nong Khaexn.DiSposal Site

3-86

_ Data _
lems | Unit 1988 _ 1990 S
| Oct. | Dec.. | Feb. | aApr. | jun. | Aug. | Ot | Dec
Temperatwre| °C-|  299| - 245| " 304|  200| 2801 295| 205| 245
PH_ - 820 81| 81] 84 8.6 90| 70 7.8
Alkalinity | mgn| 10,000 | 11,000 | 8900 | 6650 | 8500 | 2200 | 2960 | 7300
BOD v | 68 | 22 | 262 | a5 | 108 | 2381 360 | d10.
| cop " | 3040 | 2040 | 4346 | 9724 |10041 | 7,115 | 1,958 | 5440
TKN | s Juam | sw | 24 | 63 | et6 | 302 | 1933
$§ b oas |28 | 138 | e | 102 | 68 | 1070 | 83
TS v | 1432 14388 |18203 [20613 21782 | 15233 | 8568 | 13988
Vs » | 2768 | 2428 | 6183 | 6580 | 6348 | 5087 | 2064 | 3810
Sludge “ 1 6663 | 6804 |12,000 | 4033 |15434 [10147 | 6504 |10,178
Data Signiﬁc:;ml
. | Level
lems | Unit 1990 Ave. |  Range s | v 95%)
7 ' Mar. Jun. _ _
Temperawre| °C | 310| 280| 284| 245-310 23] 381% | 268-300
H . 31| 83| 82| 70.90 05| $61%| 7.8-86
Alkalinity | mg/1| 2.800 | 5400 | 6,571 | 2,000-11,000| 3,141| +47.8% | 4324 -8818
BOD "] 14 | 360 | 258 | 107-410 | 100 +388% | "186-330
coD " | 3316 | 5940 | 5302 | 1958-10001| 28661 +53.2% | 3342 - 7442
TKN | 168 | 953 | 716 | 168-1233 | 311 #518% | .451-981
ss | a7 | mwo) 215 | 47100 | 362| 316% | 16-534 -
TS "1 9846 [16396 | 14,005 | 1432-91,782 | -6,092| +43.49% | 9,668 - 18,382
Vs “ 12878 | 5212 | 433 | 2064-6580 | 1,748| £403% | 3,086 - 5,586
Studge 16968 | 11,184 | 8993 | 4033-15434] 3.388) 437.7% | 6,570 - 11416




2) Dcsign Cha’racteristics of Inﬂuent Leachate

Thc chara(.tcrlsncs of leachate at existing disposal site are shown in Table 11.1-3.. Data in
Table 11. 1 3 is the upper limit of 95% rehab]e section (as shown in Tables 11.1-1 and 11.1-2)

COD and colour is higher than that of Japanese dlSpOSﬂl sites. Based on the existing

characteristics of leachate, the design leachate is shown in Table 11.1-4.

Table 11.1-3 Characteristics of Leachate at Existing Disposal Sites

Items Unit On Nut*! Nong Khaem Assumed *3
o | o ' Characteristics

Temperature T 30.7 30.0 30.4
pH - 8.4 8.6 8.5
Alkalinity g/l 5,847 8,818 7,400
BOD " 362 330 350
COD " 3,115 7,442 5,300
T-KN " 044 981 970
SS " 548 534 550
TS 10,722 18,382 15,000
VS 3,246 5,586 4,500
Sludge 8,422 11,416 10,000
Colour™2 17,600 ~ 30,000

*1:  The data at On Nut and Non'g Khaem apply at the upper limit of 95% reliability.

*2:  Colour characteristics indicated in the study of the facuity of Engincering Chulalongkorn University,

because there is no analytical data at both disposal'éi{és between Oct. 1988 to June 1990.,

*3:  Assumed characteristics is an average of both disposal sites.
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Table 11.1-4 De’sigriCharacteriStics. of Influent Lchchate

BOD. COD $$ pH  Colout.
(mg/l) (mg/D (mg/l) - O (Pt-Co unit)
350 15,300 550 8.5 30,000

3}  Design Characteristics of the Efﬂuence from Leachate Treatment Plant

For the design chai'acteris‘t_ics of the effluence from leachate treatinent plant, three cases are set
which accord with a degree of leach'ate treatment. 'I'he three cases are: -

Case 1:
Cﬁsé 2

Case 3

According to the above cased, the design charactenstlcs of the efﬂuence from leachate trcatment _

leachate treatment method that satisfies the industrial effluent standards in
Bangkok '

leachate treatment method that satisfies the indusirial efflient standards except
BODt ' ‘ o

leachate treatment method without using Fenton methbd

plant are shown in Table 11 15,

Table 11.1-5 Design Characteristics of the Effluence frbm Leachate Treatment Plant_'

BOD*! cop*2 ss*l | pH'U | Colour'?

(mg/hy (mgh) | mgh) | O (Pt-Co unit)
Case 1 60 180 30 5-9 250
Case 2 350 180 | 30 5~9 250
Case 3 60 | Not Specified 30 5~9 | Not Specified |

*1:  BOD, SS and pH are based on the industrial effluent standards in Laws and Standards on Pollution

Control in Thailand

*2: COD based on the study of Bangkok Metropolitan Nong Khaem Nightsoil Treatment Plant

*3:  Colour needs the "preventing environmental pollution standards” of Minis&y of Industry in Thailand
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4) Proposed Leachate Treatment System

“The leachate treatment éystcm that is based on the degrees of effluent quality is shown in
Figure 11.1-1, 11.1-2 and 11.1-3.

Since these leachate freatment systems, however, have some of merit and demerit, Case-1 is
recommended as a suitable leachate treatment systems which can keep appropriate conditions

on public aquifers.

Further, the another leacha'te 'trea_tment system are more economic when used with aerated
lagoons. The design calculation of the acrated lagoon method is shown as follows:

(1) Design Tank Volume of Aerated Lagoon

Table 11.1-6 Design of Aerated Lagoon Method (1)

BOD volumetric Joading <= 0.1 kg/(m3-d)
Acrated BOD-SS loading <= 0.05 ke/(kg-SS-d)
Lagoon MLSS | About 1,000 mg/l
_ | Return sludge rate About 15%
Sedimentation | Surface 1oading <= 20 m3/(m2-d)
Tank Weir loading < = 70 m3/(m2-d)
Retention time | >= 4 hrs

Table 11.1-7 Design of Acrated Lagoon Method (2)

Oswald (1963) |- o Metcalf & Bddy 1972)

- Ttems Acrobi.c Facultative Anaembic Aecrobic Fa;:ultative w/Surface | Anaerobic | Aerated

' _ Pond Anaﬁrobic Pond Pond Anaérobic Stirrer Pond L.agoon
Depth (feet) | 0.6-10 | 1-4 810 | 34 36 38 | 815 | 620
Retention 26 740 | 3050 | 1040 | 7-30 | 7-20 | 2050 | 3~10
period {days) |
Organic | 100200 20-50 | 300~500% 60~120 | 15-50 | 30-100 | 200~500 | -
loading
dbfaci‘e—day) -
BOD remov-| 80-95 | 70-85 | 50-70 .| 80-95 | 80-95 | 8095 | 50-80 | 80-95
al rate (%) '

1fi= 0.3048 (m), 1 Ib BOD/acre-day = 1.12 kg BOD/ha-day
*: Assuming BOD influent 1,200 (mg/l)
' 3-89



where,

A
Qs

Cs.

“Ca

i

It

i

. Qs:Cs
_CA -Ls

Volume (m3)
Quantity of influent (m3/d) :
[=300+0.15x 300 = 345 m3d] _

BOD) concentration of influerit (mg/1)

[= 300 x 1200 +32515 X 30.0 x 60 . n 1050 g/l]

Mixed quuor Suspendcd Sohd [10(}0 mg/l}
'BOD-SS loadmg [0. 05 kg/SS kg/d]

345 x 1050
1000 x 0.05

=7245 +7300m3

V=

where, depth (H) = 5.0_m

and Retention time (t) is

V. _30x16x5, -
Qs T3asx 173 A

tank BOD volumetric loading

Lv = g‘}LCSx 103

_ 345 x 1/3 x 1050
30x16x5

£0.05] kg/m3d<0 1 kg/mdd

x 103

Design of aerated lagoon volutiie is shown in the followihg:

L30m x B16m x H5m x 3 sets

It is possible to remove BOD load by 80-95 %. - -
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(2) Design of Sedimentation Tank

(@) Retentiontime : 4 hr.

(b) Surfaccloading : 20 m¥/m24

(©) . Sedimentation tank volume V = 345m3/d x 4 hr

' : = 57.5m3

(d)  Surface area _ A = 345 m3/d20 mYm2d
. _ = 17.25m2

(e) Available depth H = 57.5m3/17.25 m?

' = 33m

Design of sedlmematlon tank is shown in the following:
L6OmxB3 Omx H3.3m -
It is posmble to remove SS load by 90 %.
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11.1.2 Capacity Calculation of Leachate Treatment Facility
n C_limate Cbnd_iﬁon in Bangkok .

General climatological data of latest 10 years in Bangkok are attached on Appendix 1. These
‘data show that average temperature is 28.6°C and average rainfall is 1,351.1 mm/year.
Average temperature and average rainfall are presented on Table 11.1-8 and Table 11.1-9.

2) - Water Balance
(1) . Rainfall

Table 11.1-8 shows maximum rainfall for ten years up to 1988, and value is 1,673.7
mmy/year. Average rainfall and maximum rainfall are presented on Table 11,1-10,

(2) : Evaporation

L Evaporation is calculated on "Thornthwaste Formula". The formulae is shown below
- and the evaporation calculation results are summarised in Table 11.1-11.

<Thornthwaste formulae>

Ep = 0.533Dj (10672 |
0.000000675J3 - 0.00007132 + 0.01792J + 0.49239

a =
12 S
J o= _2(tj/5)1-514
S I=1
where, Ep = Average monthly evaporation (mm/d)

*Dj
g
* Monthly _cocfficicnt table is a;tached on Appendix 2.

Monthly coefficient (12 hrs/d=1.0)
Average mo_nthly temperature (°C)

n

Observed evaporation value data by Pan from 1961 to 1985 are attached as Appendix 3.

These data show that calculated value is higher than observed evaporation

value,moreover observed value is higher than actual possible evaporation value,so that
 the calculated value should be empirically modified.

It is emprically proved that the calculated value is higher than the observed value. The
relationship between them are indicated as;
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3)

Observed value + 0.8 x Calculation value

The modlﬁed evaporation values are’ shown in Table 11 1-12. And these values are
further modlfled by a monthly coefficient, The results are shown as Table 11. 1-13. '
These relanons are presented in F1g 11.1-4. And actual possxble evaporauon value i is
almost 80% of observed value by Pan, so that the actoal posmble evaporanon values can
be estimated from 0.8 times of the modlfled evaporation values are shown in Table 11.1-
13. The actual evapotatlon values are shown in Table 11.1-14 '

3 Water Balance

- Relationship between the evaporauon and the rainfall is shown in: Tablc 11.1-15, whlch

shows that rainfall is evaporated except during the rainy season.

Capacity of Leachate Treatment Facility

To minimize capacity of the leachate treatment facﬂlty standmg water in the ramy season should

be treated on a one year cycle, as shown in F1g 11.1-5. In the case of average rainfall year,’
leachate is treated by 1.16 mm/d.
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A . . Appendix L
T ixblé: 11.1-16 Monthly Temperature in Celsius

STATION 1455201 °BANGKOK METROPOLIS

YEAR: o « JAN FEB HAR . APR HAY JUN JuL AUG SEP 0CT. . ROV PEC ANNUAL
1980 HEAN 27.5 2848 30,5 31.5 3107 29.4 29.4 29.3 2B.8 28.6 28.0 27.2 - 29.2
: " MAXIHUH 36,9 3641 37.1 38,46 39,0 37.0 -36.4 35.5 35.0 36.8° 34.0 34,3 39.0
bat _ 6 18 29 25 . % 1 2 6.8 A7 13 12,27 18 5705
HINIRUM 19,6 17.9 23,3 23,0 25,2 23.3 24,2 23.7 23.2 22.0 22.2 17.2 17.2
Co DAY 30 f6 A7, 2 A0 4 2t A7 . M- 29 - 23 26 ahl1e
1981 MEAN 26.3 2B.3 29,7 30.3 29.5 29.3 290.0 28.7 29.0 28.5 27.3 24,9 28.4
© MAXLHUA 35.5 34,7 35.5 37.8 36,3 33.B. 34,5 35.0 34.8 34.9 34.6 33,2 37.8
BAY BT 15 30 . 2 - 29 1, 2 14,17 .23 9 2% - 171213 2004
AINLNUN 13.9 1845 22.5 21.9 25.6 24,4 23.6  23.0 25,9 23.3 1957 15.8 - 13.9
: DAY 14 19 11 13 6 ~26 12 13 18 10 - 10 21 14701
1932 HEAN 26.2 28.6 29,7 29,9 3.4 029.2° 28.9. 28.5 28.3 28.5 29.0 24.7 28.5
: HAXIHUH 33,5 34,0 36,5 -36.9 .34.5 3.4 36,3 34.3 35,0 36.5 34.7 33.7 16.9
DAY 1,25 16 26 27 (3 5. 20 3 20 522,29 10 27404
HININUA 16,3 22.1 . 23.2 22.5 23,0 2643 22.9 22.6 32.3 22.5 22.7 12.0 12,0
. DAY 6. 1 286 - 9 42 18 . 13 29 16 . ¢ 11 . 29  29/12
1983 HEAN 2628 2845 29,6 3.6 31.6 30.0 29,7 28.9 2B.4 2B.1- 28.3 26.2 25.3
MAXIMUN - 3407 35,2 36.8 37,2 39.5 36,3 36.7 35.5 34.3 34,3 33.5 33.7 39.5
DAY .18 16 .22 .30 .22 14 . 5 - 1- . 23 7,25 & 16 22/0%
_ MININUN - A48 22037 2007 26,7 4.1 24,0 23,1 23.8 23.5 22.6 15,8 15,8 14.0
DAY D o 1 9 3 16 5.19 1,7 31 - 29 1 2401
1984° HEAN: . | 26.0 28.7  29.5 . 31.0 30.3 29.1 28.8 29.3 2B.5 27.9 27.9 26.8 28.7
MAXIHUM 34.1 3406, 35,8 37,0 38.0 3445 34.6 365 34,8 33,8 34.6 340 38.0
DAY 35 . & 0 29 20 'S & 19 18 12 ---12 . 7 19 5/05
. BINIMUN 15,0 19,5 21,5 23,8 23.8 23.4 22.2 23.4 22.7 21.0 19.4 18,6 16.0
: DAY 10 .8 3 a7 §° 14 8 100 . 28 26 3.31 10/01
1985 MEAR £7.6°29.3 30,2 30,6 29.4 293 28.4 28.9 28.3 27.8 25.0  28.0 - 28.7
. MAXIHUN 54,1 35,7 .36.0 39.7 38.0 34.3 34,2 34,5 33,7 33,3 33,5 33.5 - 39.7
DAY Lo % 3,30 13 5 .. 8 22 1% 2 30 -2t - B 13/0a
, HIKINUN . 2006 21.8 2144 2306 23.8  23.5 22.6 2246 23,3 23.2 20,4 18.0 36,0
. . DAY 1 i 3 AT 713 24 11 ) i35 30 - 24 17 17712
1986 MEAN _ 25.4° 27.6 28.7  30.4 29.4 29.7 28.7 29.2 28.7 28.3 27.4 26.1 28.3
: HAXLHAYN 33,8° 35,7 36.6 35,7 35.5 35,7 35.8 35.0 34.8 34.0 34.3 32.8 3646
DAY 19 19 30 .27 M 10 1 2% 18 22 7 ‘18  30/03
HINTHUM 14,9, 20,2 15,7 23.4 23,6 23.6 23.0 24,0 23.0 22.5 19,2 18.7 16.9
: dAY s 2 4 7 9 19,27 24 10 3,24 3t - 30 24 8701
1987 MEAN : 26,9 28,1 29.5 3048 30,2 29.83 30.1 20.9 28.7 2B.6  28.5 24.5 28.8
“RAXINUR - 34.0 33.9° 37,0 37,7 36,3 35,3 36,0 37,0 35.4 35.5 34,1 33,3 3747
BAY . 2t 2F 0 @ t1, 28 25 22 . Ak & - 31 25 -30  11/0s
MINIHUR 18.9 1941 22,2 22,4 22.8 23,5 24,2 23.0 22.8 29.6 23.0 i5.2 15.2
T par : 15 6 27 . 16 26 3 M z & 21 -1 8 8712
1988 MEAN . 274 2B.6 30.4 3045 29.6 29.5° 29.1 28.4. 2B.9  27.9 26.3 25.5 28.5
: MAXTAUN 36,4 35,8 36,5 36.3 36,6 35.5 35.5 34.5 36.0 34,1 32.8 33.4 36,5
BAY. 30 7- 300 22 . 25 11.2B 8. 9| -5 - 3 3 - .2 20 30403
: _ RINIAUM © B0 21.2 22,4 23,0 23,6 23,9 23.2 22,2 22.7 20.2 19.2 174 174
S DAY .28 .22 40 . 1% . 15 18 .22 28 - 16 31 2 13 392
1989 AEAN 28.0 28,1 28.8 31,5 30.1 29.1. 29.2 29.1 -2B.7 28.2 = - -
HAK LMUK . 34,5 33,7 34,6 37,5 37.7 35.5 35.4 35,2 34.8 3%5.2 - - -
DAY _ 1 27 3 8 .3 . 30- -3 9. i3 .28 = - -
AINIMUN 0.4 21,7 19.5 . 25.6 23.1 22,5 22,7 22,5 22.2 20.4 - - -
DAY ; 1733, 9 5 - 15 17 . 12 32, 13 22 - - -
HEAN HEAN © o 2648 2B.5 29,7 30.8 3042 294 -29.1 29.0 28,7 2B.2 27.6 25.8 28,6
EXT. MAXIMUN 35.5 36.1 37.1 (397 39,5 37.0 36.7 37.0 36,0 35.2 4.7 34.3 39.7
EXT.  WINIMUA 3.9 17,9 15,7 21.9 22.8 22,5 22.2 22.2 22.2 20.2 15,8 12.0 . 12.0

DATA  PROCESSING SUB-DIVISION

' CLIMATOLOGY DIVISION
METEOROLOGICAL DEPARTMENT
FEBRUARY 14, 1990
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Table 11117 Monthly Relative Humidity (%)

r 455201 BANGKOK METROPOLIS

STATION .

YEAR JAN FE@ - RAR  APR  MAY  UUN  JuL  AUG | SEP.  OCT ~ 'NOY  DEC  ANNVAL

1980 . MEAN T0.6. 0.8 ThAT C¥3.9 2uh (796 TTGE T6LY 7.7 B2.1 75.6 09.4 75.3

HEAH MAX. 91.9 . BBul . 90.8 88.4 85.6 -92.3 89.2 90.4 92.8 96.3 905 67.8 90.2

MEAN HINJ 42.8 4846 5243 5348 Shu6  62.0 61.0 60.0- 62,1 -6bub  57.7 49,0 5547

HINIRUN. 30.0 30.0 27.0 37.0 40.0 49.0 51.0 48,0 ‘53,0 50.0 47.0 1.0 27.0

1981 HEAN 6T.9 The2 | T5.3 75.3 803 7Bl TT.9. T7.9. B0 79.6 B0.0 . o7.7 76.2
MEAN MAX. 87.8. 91.8 . 90.6 90.0  93.5 89.8 91.0 90,1 92.8 92.2 91.6 84.0 904

MEAN HIN. 43,3 5046 55.8 54.9 63.0 63.5 62.6  63.6 2.6 62.7 65.0 49.8 58.1

_ MINIHUN 35,0 30,0 48,0 45,0 53,0 51.0 55.0 53.0 50.0 54,0 52.0 39,0 30.0
1982 - MEAN 68,2 76,8 6.5 75.0 T6.3 T8.4 T8.1 T9.6 81.4 82,0 T5.9 70.4 7645
MEAN MAX. 83,1 91.1  89.5 ' 90.0 89.9 89.7 91.6 9147 92.5 4.1 F1.2 B7.1 90.5

MEAN MIN, 46437 56,7 5845  55.9 58.8 4.1 62.5 63.2. 85,1 485.4 S7.7 50.9 S8

 RINIAUR, 32.0. 42.0. 22.0  39.0 44.0 52.0 52.0 53.0 50.0 55.0 46.0 38,0 32.0

1983 mean | 6944 76,6 4.8 3.6 72,3 76.1 T7.1 B1.9 B3.3 8.6 77.0 . 89.1 76.3
NEAN MAX. 86.6 92.6 90.3 . B7.2 85.6 89.4 90.5 94.6 94.7 8.6 91.6 BL.O 89.3

MEAN RIN, 58.1 - 53.5. 5445 53.9 Sha7 60.5 60.3 65.6 67.0: 68.8 -59.5 52.0 58.2

MININUN 38,0 3050 31,0 &8.0 40.0 50,0 51,0 49.0 55.0 58,0 46.0 44.0 30.0

1984 HEAN T1.7 735 73.0 74,1 74,3 76.5 76.7 73.7 B0.4 7847 72.5 68.6 74,5
MEAN MAX. 58,7 88,7 : B8,B 89.2 B88.5 88.3 .89.7 B85.3 93,7 92.7 B88.0 85.3 89.0

MEAN HIN. 51.0° 5420 52,2 S4e9 S57.0 62,8 60.2 59.8 6202 :60.4 54.3 49.4 56.5

BINIMUA 41.0 1.0 40,0 43.0 &40.0 $7.0 48.0 50,0 53.0 36.0 &4.0 42.0 16,0

1985 MEAN T2.1 .73.7 0.4 TZ.5 TT.4 Thal 75.6 .Th.B 9.6 1.2 75.5 6b.2 74.3
© " MEAN Max, 89.9. 89,6 B6.7 BB.T 90.7 85.5 88,7 88.0 92.4 93.3 90.5 835 88.9

MEAN MIN. 49,0 51,5 49.4 52.2 58.0; 61,1 59,1 '58.8 51.0 63.7 56.7 42,7 54,5

NININUA 36,0 31.0 23.0 31.0 43.0 46.0 44.0 50.0 63.4 37,0 38,0 36.0 23.0

1986 HEAN 63.6 . 72.6° 5742 T1ab 73,6 T2.6 75.7 73,6 78,8 B81.7 1.1 70.0 72.0
MEAN NAX. B4u2 89,9 :84.8 86,4 B6,3 BA.7 89,2 83.3 93.0 94,3 85.7 87.3 B8.1

MEAN HIN, 39.1 30,1 45.8 50.2 S57.8 . 56.9 60.4 56.9 59.9 63.4 52.6 50.7 53.7

. MINIMUH 39.0 24,0 25.0 39.0 39.0 43.0 45.0 47.0 45.0 '53.0 45.0 38.0 24.0
1987 MEAN 63.6 60.8 68,8 69.7 73.6 75.4 68.6 T1.5 796 . 7F46 79.1 62,0 71.8
: " MEAK MAXL 82.2 56.6 B6.9 85,3 87.9 B8.3 B3.3 85.9 92.5 3.6 2.3 80.1 37.0
MEAN MIN. 41,8 47,8  44.7 48.0 56.0 61.2 52.0-54u6 62,2 61.2 61.4 47,1 52.7

' KINIAUN 28.0 29.0. 17.0 3150 6.0 49.0 41.0 46.0 45.0 43.0  44.0 2%.0 17.0

1988 .  MEAN 66.0 Th.8 71.2 T4.9° 79.5 73.3 -75.2 79.8 80.7 '79.7 66,3 64,9 73.9
HEAN WAX. B5.0° §9.6 B85.2 858.0 §1.8 87.3 89.2 92.3 92.8 92.3 B81.2 83.4 38.2

MEAN MIN. 45,2 55,1 52.7 57.7 6341 57,3 59.0 6447 62.9 62.5 50.2 462 56.4

MENIHUM 31.0 32,0 40aD 46.0 47.0 44,0 &47,0 50.0 45.0 44.0 35.0 38.0 31.0
1989 ©  MEAN - 75.4° 75.8. 74.4 ,6B.0. ¥1.9 T1.1 73,2 72.7 78.2 80.2 - - s
‘ " WEAN MAX, 1.1 91.0 89.0 ' 83.6 B7.5 BG.S 86.2 86,2 92.1 93.7 - - -
. MEAN MIN. 5546 55.3 5546 46,5 53,8 55.7 57.2 57.2 59.6 6146 - - -
ALHIHUN hab 43 4. 2.6 3.5 4.3 4al ka6 &uB - -&L7 - - -

HEAN, MEAN . 68.0 73.8 72.6 72.8 75.1 75.5 7S.6 T6.Z 80.2 B0.9 74.3 67.4 7445
MEAN HEAN HAX. 87.6 89,9 88.3 87,6 88.7 88,4 88,9 BI.4 92.9 92.5 89.3 8.7 29.0
HEAN NEAN BIN. 46,0 52.3 52.1 52.8 S7.7 40,5 5%.4 60.4 61.5 63.6 57.2 4840 55.9
EXT. MINIMUN G.6  &.30 bl 2a6 3.5 4e3 4u0  Al6 4.8 A.7 35.0 29,0 2.0
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Table 11.1-18 Modified Coefficient of the Time from Sunrise to Sunset -

NL JAN FEB  MAR . APR MAY JIN  JUL AUG SEP  OCT MOV DEC
0 104 94 1.04 201 104 101 LO04 104 101 1.04 1L0L 104
5 L0z .93 103 102 1.06 103 1.06 105 1.0l 1,03 .93 102
10 Loo .91 1.03 103 108 1.06 1.08 107 102 102 .88 .99

15 .97 .91 ‘103 ‘104 111 108 1,12 1.08 102 1.01 .95 .97
20 .95 .90 103 105 113 Lil L4 L1 102 100 .93 .04
25 .93 .89 (103 106 115 L4 117 Liz Loz .99 01 .0
2 .92 .88 1’03 1.06 LI5 115 117 112 102 .99 .01 .91
27 .92 .88 1.03. 107 116 115 118 113 102 .99 .90 .9
2 .91 .88 1,03 1,07 L16 116 1,18 113 102 -,98 .80 .90
29 .01 .87 103 107 1.17 116 119 113 103 .98 .90 .89
3 .9 .87 1.03 108 LI8 LI7 120 114 103 .98 .83 .88
31 .9 .87 103 1.08 118 118 1.20 114 1,03 .98 .89 .88
32 .89 .86 1.03 1.08 119 1.19 ‘L2l 115 ‘103 .98 .88 .87
33 .88 .86 103 1,00 119 120 1.2 115 1.03 .97 .88 .86
3 .88 - .8 103 109 12 120 1.22 116 103 .97 .87 .88
35 .87 .85 1.03 109 121 121 123 116 103 .97 .86 .85
3 .87 .85 1.03 110 1.21 122 124 116 103 .97 .86 .84 -
3 .86 .84 1,03 1.10° 1.22 123 125 117 103 .97 .85 .83
3 .85 .8 1.03. 110 123 124 1.25 L17 104 .9 .84 .83
3% .85 .8 1.03 111 1.23 124 1.26 1.18 L0+ .9 .84 .82
40 .8¢ .83 1.03 111 124 1.25 ‘1.27 118 104 .9 .83 .8l
4 .83 .83 103 LI 1.25 1.26 1.27 119 104 .9 .82 - .80
42 .82 .83 103 112 1.26 127 1.28 1.19 104 .95 .82 .79
43 .81 .82 102 112 126 1.28 1.29 1.20 Lo .95 .81 .77
44 .81 .82 102 113 1.2/ 1.29 1.30 12 104 .95 .80 .76
4 .80 .81 102 113 1,28 129 1.31 1.2t 104 .94 .78 .75
46 .79 .81 102 1,13 129 1.31° 1.32 122 164 .94 .79 .74
47 .77 .80 102 1.14 130 1.32 133 122 .04 .93 .78 .73
48 .76 .80 1,02 114 1.3t 1.33 13 123 105 .93 77 .72
49 .75 .79 102 1,14 1,32 134 1.3 124 1.05 .93 .76 .7
50 .74 .78 102 115 133 1.3 1.3 125 1.06 .92 .76 .70
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Tablc 11 1- 21 Chmatologlcal Data for the Perlod 1956 1985

o Station BANGKOK nu:mopous Ele‘vation'of station above MSL° = ~ 2 meters -
. Helght of barometer above MSL . %0 | motersg.
- hBASS:
] Indox Station : m:s v “Helght of thexmometer. above ground 1,25 .maters
Latituds ) 13 A% W, . . Helght of wind vane above ground T 3310. meters
. T , e o .. " . ’ o 1,00 °
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11.2 Process Calculation

2)

3

4)

5)

Capacity of plant

100 m3 x 2 lines
Working period o 24hr
Characteristics of leachate
Influent  Effluent

pil - 85 - 5-9

BOD 350 60

SS 550 40

Coio‘r 3 © 30,000 - 250

11.2.1 Generality

Flow sheet (See Figure 11.1-6)

Water & Material Balance |

(1). Excess siﬁdge amounts

a.

3-110

200 m3/d x (175 - 60) x 0.5 x 10-3 = 115 kg/d
(0.8% solution = 230 m3/d) '
Coagulation
+ S8 Removal : _
200 m3/d x (550 - 40) x 103 = 102.0 kg/d
+ Conversion alum ' : : _
200 m3/d x 2,000 mg/l x 0.4 x 10 3 = 160.0kg/d
Sub total = 11.5 + 102.0 + 160.0 = = 273.5kg/d
Sludgc Amounts | _ . ;
0.8% Sol = 273.5 ke/d/8 kg/m3 o= 342m3d
1.5% Sol. = 273.5 kg/d/15 kg/m3 = 182m3/d
Separated water amounts = 34.2 - 182 = :16.0' m3/d




Defoaming Water amount _
. pH Adjustment tank = 10 /min x 1,440 min/dx2 = 28.8 m3/d
15 /minx 1,440 min.dx 2 = 43.2m3/d

i

Fenton tank

Sub total =28.8 +432 = 72.0 m3/d

-Chemical Use Afnount

i) H2804 98% sol. s.g. 1.84
200m3/dx 1.5/m3x 10-3x 1.84 -

it

0.55 ¢/d (300 1/d)

i) FeSO4 10% sol. s.g. 1.45

200 m¥d x 2,500 mig/l x 103 = 500 kg/d
500 kg/d x 0 x s = 3.5mdd

i) Hy0y 35% sol. s.g. 1.13
200 m¥d x 150 mg/l xmo ?‘6‘ = 182 kg/d

!
182kg/dx1 3 . = 161 1d
iv)  Alum 8% sol s.g. 132
2oom3/dx151/m3xo3wm3x103 = 105ke/d

105kg/dx100 o5 = 9441/d

v) NaOH 24% sol. o
200 m3/d x 3.0 1/m3 X 240 kg/m3 x 103 = 144 kg/d

vi) Polymer
200m3d x Smg/lx 103 = 1kg/d

vii) Disinfection -
200m3/dx5mg/1x )(103

i

8.4 ke/d
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11.2.2 Calculation
1)  Intake Equipment
('1) Intake Pump

3
a. Intake amounts : 200 m ld X5 1 a 40 i {) 14 m /mm

b. Type : Submcrsxblc waste water pump | ' g
c. Spec ~ : pB0m/mx0.2m¥minx 14mx2.2kW
d. Number : 2 (included spares 1)

2) | pH Ad_]ustment Eqmpment

(1) pH Adjustment Basin (No. 1 Rough)

a. Structure : Rectan gular Remforced Concrcte
: o - InSIde_.Rubbcr_ lining
b, Supplyamount : 1144m¥dx2
c. Detentiontime: : 5min
Capacity plan 1144 m3/d x 5/1, 440 = 0 4 m3 x1 2
=0.48 m3x2sets -

e.  Actual capacity and dimension : 0.6mx0.6mx 1.5m = 0.54'm3
f.  Rapid mixer : Marine Propeller Type
| =200 m/m, 3 Blades x 0.2 kW
Impeller, Shaft (both SS) + Rubber lining -

(2) pH Adjustment Basin

a.  Structure : Same 1)-(1)
b. Supplyamount : 1144m3/dx2
¢. Detentiontime . : 10min
d. Capacity plan : 114.4 m3/d x 10/1,440 = 0.8 m3
| 08m3x12= 0966m3x25e:ts
e.  Actual capacity and dimension : 0.8 mx08mx 1.5 m =0.96 m3
f.  Rapid mixer . Double Marine Propelier-

D =400 m/m, 3 Blades x 0.4 kW
Impellf:r Shaft (both S$S) + Rubber lining
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3) * Color Removal Equipment

(1) Reactor

a. Structure . @ Same 1)-(1)
b.  Supplyamount : 130. 6'ﬁ13/d X2
c.  Detention fime : 30 min '
d. Capacityplan @ 130.6 m3/d x 30/1,440 = 2.8 m3
B 2.8 m3 x 1.2 = 3.36 m2x 2 sets
e. Actual capacny and dimension : 1.6mx 1.6 mx 1.5 m = 3.84 m3

£, Rapid mixer : Double Marine Propeller
' = 1,000 m/m, 4 Blades x 1.5 kW
Impeller, Shaﬁ (both SS) + Rubber lining

4)  Neutralize Basin

a. Structure - :  8ame 1)-(1)

b. . Supplyamount : 136.0m%dx2

c. Detenf_ion tme ;15 min _ _

d. Cap‘a'c'ny’plan : 136.0 m3/d x 15/1,440 = 1.4 m3

14m3x1.2=17m3 x 2 scts
. Actual capacity and dimension : 1.Imx11mx 1.5 m=1.82 m3
f. = Rapid Mixer . Same 2-(2)
5)  Coagulation

(1) Rapid Mixing Tank

a. Structure - @ Rectangular Reinforced Concrete
- Inside Epoxy Coating
b. Supplyamount : - 136.0m3/dx2

Detention time - : 3 min

Available volume ;- 136.0 m3/d x 3/1,440 =0.3 m3
03m3x 1.2 =0.36m3 x 2 sets

¢. - Dimension : 0.6mx.6mx 1.5m=054m3
f. ~Rapidmixer . = Same2)-(1)
| Materials SUS 304
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6)

a o o e

o

(2) Slow Mixing Tank

Structure -
Supply amount
Detention time

Available Volame :

Dimension
Slow Mixer

(3) Sedimentation Tank

a.

a o

e oo

Structure

. Supply amount

Detention ime

. Available Volume :

Surface area
Deopth
Dimension
Scraper

(4) Sludge Pump

a.

Contact Aeration Tank Equipment

(1) CAT

Sludge amounts
Type

Spec.

Number

BOD amounts
BOD/CAT load
CAT volume

Sarne_l)_~(1) |
136.0 m3/dx 2
20 min

'1360m3/dx20/1 440 = 1.9 m3
_19m3x12 228m3x2scts

13mx13mx15m 2.54 m3

:  Puddle type, 4 Blades, D = 800 m/m, 0.75 kW

. Reinforced Coricrete

Inside epoxy coating

D 136.0m3/dx2

3 hrs

136.0 m3/d x 3/24 = 17.0 m3

170m3x12 204m3x25c:ts
136.0 m3/d/20 m3/m2-d 6 8 m2
20.4 m3/6.8 m2=3.0m _
¢3Gm ‘(.7'._1 m2)x3.0=212m3
#3.0mx075kWx2

32.8 m3/d (16 dm3/dx2)
16.4 m3/d = 0.02 m3/min

- S_ubmers_lble waste water pump-

#80 x 0.2 m3/min x 10 m x 1.5 kW (with Timer)
4 units (included Spares 2)

200 mg/l x 200 m3/d =40 ke/d

0.5 kg/m3sd |
40 kg/d /0.5 kg/m3ed = 80 m3
80m3x 1.2=48m3 x 2 seis
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()  CAT Basin

a. CATsurfacc aréafvolume ™ : 100 m%m3
b.  CAT surface area ;40 m3 x 100 m2 = 4,000 m2

(3) Sedimentation Tank

- Structure - ¢ Reinforced Concrete

a.
'b.  Supplyamounts : 127.6 m3d X2

¢. . Detention time = : 4hrs . j

d. Available volume : 127.6 m3/d x 4/24 =21.3 m3

_ : 213 m3x 1.2 =25.6 m3 x 2 sets
. Sutfacearea . : 127.6m3d/15 m3/m2-d = 8.5 m2

f.  Depth D 256m3/85m2=30m

g. Dimension . : #33m(B6mA)x3.0m=257m3x2

h.  Scraper ot #33mx075kW

(4) Sludge Pump

a. Sludge amounts : 1.4 m3/d(0.7m3/dx2)

b, Type :  Submersible waste water pump
c. Spec : Same 5)-(4)

d. - Number -t 4 sets (included Spares 2)

() Scum Skimming Pump.

a. Type :  Submersible waste water pump

b.  Spec : Same 5)-(4) (without Timer)

¢. Number : 4 sets (included Spares 2)
Sludge Treatment

(1) Excess Sludge Amounts

Volumé @m3/d)  D.S. (ke/d) Conc. (%)

_Coagulation . 328 262 0.8
cAT 14 11.5 0.8
Total - 342m3/d - 273.5keld 0.8%
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(2) Sludge Thickener

a. Structre . : Reinforced Concrete
b, Supply ambunts © 342m3/d - |
‘¢.  Detentiontime  : 12 hrs
d.  Available volume : 34.2 m3/d x 12/24 = 17.1 m3
 17.1m3x1.2=205m3
e. Depth ' : 4m _ iﬁ
f.  Surfacearea . :  20.5m3/4m =5.13 m2 _ |
g.  Dimension . g2.6m (5.3 m2) x4=212m3
h. Scraper - - ¢2._6.mx'0.75'kw

(3) Sludge Draw Off Pump

s. Shdgeamounts : 182m¥d =001 m3/mm

b. Type D Submemlble wastc waler pump
c. Spec i Same 5)- _(4)

d. Number 1 2sets (includéd Spare 1)

8) Chemical Usage

(1) pH Adjustment

a. Hp504
i)  Composition : 98% sol. s.g. = 1.84
it)  Use amounts : 030 m3/d = 0.55 /d [max]
b. Stock Tank I
) Stucture : FRP _ |
) Capacity = : 030m3/dx7days=21m3

iii) Number : 1 2 sets (included Spare 1)

¢c.  Supply pump : :
)  Supply amounts : 0.30 m3/d = 0.10 I/min x 2

i) Type : Dlaphragm pump _

iy Spec ;915 x 300 mYmin x 5 kg/cm2 X 0 2 kW

iv)  Number :  3sets (included Spare 1)~

v)  Materials :  Pump head PMMA
Diaphragm PTFE

Check ball or 'cquivaient " FPM
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-(2) Fenton Process

a.

 FeS04+TH0
- 1) - Composition
i) Use amounts

‘Stock tank
i}  Structure
i) - Capacity

iii) - Number

Supply Pump

i)  Supply amounts
i) Type

i) - Spec _
" iv)  Number

v)  Materials

Rapid Mixer

iy Type

i) - Spec

if) Number

HyOp S
1) Compbsition
ii)  Use amount

Stock Tank

- 1) Structure
ii)  Capacity

i) - Number

Supply Pump
i)~ Supply amounts

i) Type -
i) Spec

10% sol. s.g. = 1.45
2.1 m3/d, 300 kg/d

FRP o
3.5 m3/d x 7 days = 24.5 m3
3 units {included Spare 1)

3.5m3/d=1.22minx 2
Diaphragm pump

815 x 1.8 I/min x 5 kgfem? x 0.2 kW
3 sets (included Spare 1)

Same 8)-(1)-¢

Verﬁcal mixer _

Double marine propeller type

$600 m/m, 3 Blades x 5.5 kW _
Impeller, Shaft (both SS) + Rubber lining
3 sets o

35% sol. s.g. = 1.13
0.161 m3/d, 0.18 ¥/d [max]

FRP
0.16 m3/d x 7 days = 1.12 m3
2 sets (included spare 1)

: 0,161 m3/d =56 my/min x 2

Diaphragm pump
$15 x 150 mi/min x 5 kgfem?2 x 0.2 kW
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“iv)  Number 3 sets (included spare 1)
v)  Materials : Same 8)-(1)-c

(3)  pH Neutralize

a. NaOH
) Composition - : 24%,sg =12 4
i) Uscamounts = : 0.6 m3d =144 kg/d [max]
b.. Stock Tank
i)  Structure : -FRP :
ii) = - Capacity : 0.6m3dx7days=42m3 -
iii) - Number ¢ 2 sets (included Spare 1)
c. Supply Pump o : S
i) Supplyamounts : 600)d= 210 mlminx 2 -
i) =~ Type o Diaphrégm pump - '
i) Spec _ : #15 x 400 m3/min x 5 kg/em? x 0.2 kW
iv) Number : 3 sets (included Spéxe 1)
v)  Materals : Same 8)-(1)-c - | 2

(4) Coagulation

a.  Alum S
1)  Composition : AbOs
ii) Useamounts  : 1.0m3/4d
b. StockTank
i) Structure : FRP
ii)  Use amounts : 1.0m3/d, 0.105 t/d

iii) Number ¢ 2sets (included Spare 1)

¢.  Rapid Mixer : : AR
i) Type * Vertical mixer (SUS 316)

- Double marine propeller type
i) spec : #550 m/m x 3 blades x.2.2 kW
iii) Number 1 2sets (included'Sparc 1)
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Supply Pump

i) Supply amounts
i) Type

i) Spec
iv) Number
v) - Materials

Polymer

i} Composition

i)  Use amounts

Stock Tank

i) Swucture
it)  Capacity

iif) Number

Rapid Mixer
1 Type
i) Spec

i) _ Number

Supply Pump

i) Supply amounts
i) Type

ili) Spec

iv) - Number

(5) Disinfection

a.

NaOCl
i)  Composition-:
i)  Use amounts

- Stock Tank

i) - Structure
i) Capacity

iii) Number

1,0001/d = 0.35 l/min'x 2

Diaphragm pump |

15 x 700 ml/min x 5 kg cm? x 0.2 kW
3 sets (included Spare 1)

Same 8)-(1)-c

Nonion powder
1.0 m3/d, 1.0 kg/d (0.1% sol.)

FRP
1 m3/d x 7 days = 7 m3
2 sets (included Spare 1)

Vertical mixer (SUS 316)
Same 8§)-(4)-¢
2 sets (included Spare 1)

1,000 1/d =350 mi/min x 2
Diaphragm pump

815 x 70 mY/min x 5 kg/cm? x 0.2 kW
3 sets (included Spare 1)

12% sol. s.g. = 1.21
8.4 kg/d, 7 1/d

FRP
1m3

1 set
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Supply Pump

i)  Supply amounts - ;

i)  Type

iii) spec
iv) - Number
v)  Materials

~TYd=25ml/minx2 -

Diaphragm pump

: - $10 x5 ml/min x 10kg/cm2x 0.1 kW
1 2Zsets (mcluded Spare 1)

Pump head, Dlaphragm Chcukball PTFE or
Equivalent :
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11.3 Drawing List

No.
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5-21

Name

LOCATION MAP

TOPOGRAPHICAL MAP

PLAN
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PROFILE

CROSS SECTION (1)
CROSS SECTION (2)
CROSS SECTION (3)

' CROSS SECTION (4)

CROSS SECTION (5)
CROSS SECTION (6)

* CROSS SECTION (7)

FACILITY STRUCTURE (1)
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FINALPLAN
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