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TABLE A-1
DISTRIBUTION OP ECONCHIC LAND USE AREAS BY DISTRICT AND SUEDISTRICT

-FOR CITANDUY SUBBASINS

{Hectares)

' ' T Ciseel-~ S
District/Subdistrict Tbtal;{ Out of Upper Cimuntur Cijolang Cikawung Iower Total Critical Areas
_ Area. Basin Citanduy : . Citanduy Citanduy Total Citanduy

Tasilmalaya District . ,
. Pager Ageung 8,159 8,159 844
Ciawi 7 - 7,439 7,439 469
Rajapolah 3,041 3,041
Cisayong 7,186 7,186
Indihiang 6,929 6,929
Tasikmalaya 1,922 1,922 i
Cibeureum - 6,368 6,368 75
Hanonjaya 5,804 536 6,340 369
Cineam ‘682 9,541 10,223 732
Total ) 47,530 - ‘ 10,077 57,607 2,489
Cianis ‘ 2,543 ‘10,171 12,714
Cijeunjing ‘1,963 5,888 7,851
Panumbangan 4,360 4,360
Panjalu 5,370 5,369 10,739
Cihaarbeuti 5,480 5,480
Rancah 6,418 6,418 12,636

- Cisaga o 8,173 4,087 12,260
Rajadesa 6,779 2,260 9,039
Banjar 10,827 10,827

Banjarsari § 17,857 17,857
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TABLE A-1
DISTRIBUTION OP ECONOMIC LAND USE AREAS BY DISTRICT AND SUBDISTRICT
: FOR CITANDUY SUBBASINS (CONT'D)

. (Hectares)
: District/Subdj.'str‘j.{:t ~_,Total . Out of Upper C:ummtu.r cijolang Cikawung f;::rel Total = _Critical Am:
- ey - Qury 1 «ci
JUrr Area Basin citanduy . ; Citanduy Citanduy Tota tana‘y
Ciamis Digstrict
Lakbok . 8,289 8,289 ]
Cimaragas 9,731 9.731 S.€83¢8
Pamarican . 17,592 17,592 8,492
Padaherang 14,157 14,157 - 3,638
Kalipucang 7,352 7,352 ’ 1,831
Total 25.480 ‘59,206 85,855 190,288 42,825
Kuningan District e
Selajambe ; - 3,050 3,050 * 2,180
Subang -~ - 8,015 8,015 1,809
Total 11,065 11,065 3,989
Cilacap District . . L , L
Gandrungmangu -10,728 10,134 594 594 55 55
Sidareja 13,282 . 8,855 4,427 4,427 - 1,100 367"
Karangpucung 17,380 6,130 11,250 11,250 2,691 "1, 742
Majenang - 13,842 ; 13,842 13,842 1,152 . ,152
Wanareja ’ 16,496 16,496 16,49 1,511 1, 511 .
Dayeuhluhur 16,835 ~16,835 : oo - - 16,835 1,739 /739
Cimanggu 19,119 . 19,119 19,119 3,645 3,645
Cilacap 13,268 13,268 . o .
- Jexukiegi 11,580 11,580 1,617
Kawunganten 15,375 15,375 : - 2,300
Kedungreja 11,487 7,658 3,829 3,829

Total Cilacap 159,392 73,000 " 16,835 69,557 86,392 15,810
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TABLE A-1

* DISTRIBUTION OF ECONOMIC LAND USE AREAS BY DISTRICT AND SUBDISTRICT
. FOR CITANDUY SUBBASINS (CONT'D)

{(Hectares)

R e i T e - , Ciseel-
District/subdistrict ' Total - Out of  Upper Cimuntur Cijolang Cikawung Lower Total
R S Area B Basin Cit_a.nduy ERE SR S e

Critical Atlll

Citanduy Citanduy Total Citandug

Total Land Use " 73,010 59,206 47,647 69,557 95,932 345,352

Other Areas 443 1,068 4,648

Total Watershed' ./ 70,000 92,000 350,000

% Other Areas . 0.6 1.1 1.3

59,514
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'ECONOMIC LAND USE PATTERN IN CITANDUY PROJECT BY DISTRICTS

(Hectares)

o me?  "Zop’  Plantation Forest

Dist::l.ct »

'Home
" Garden 1/

Other

Total

2/ critical-
Area - -

Tasikmalaya .. 18,168 23,201 - .'4B4 - 8,149 5,567
” a5 404 08 141 9.7
43,140 71,264 . 38,612 - 15,588..
22070 31,40 L m2 13
3,326 818 2,685 554
3001 .1f7;9 . 24,3 5.0

Cilacap 22.168 . 25,075 :

17,627 8,192
Percent = 25.7 - 29.0 20.4 9.5

Ciamis

porcn

Kmningan .0

Percent -

..13,859’

1,928
3.4
7,825
4.1
3,622

32.7

7,878 -

9.1

57,607
100.0
190,288
100.0
11,065
100.0
86,392
100.0

2,489
4.3
42,825
22.9
3,989
36.1
10,211 _
11..8

Total (Bectares) 86,802 ' 120,508 ~ 44,548 44,049 28,192
Percent 25.1 . .34.9 | 12.9 12.8 8.2

21,253
6.1

345,352
100.0

59,514
17.2

1/ 1Include Homes and yards.

* Source District (BAPPEMKA) Offices. Araas of districts along divide was

estimted.
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TABLE A-3 o
° LAND USE PATTERN FOR TASIKMALAYA DISTRICT, 1978
Frdani T

. subdistrict -

Iénd ffsé Cate‘g'orA:_i._es'_'—-.fnmw

‘V«I.owland » -7 Upland- plantat:.on

" Rice. . .f‘;‘(V:rops

" j E'drest

" Home
" Garden

Other

Critical -
Area

Fager ageumg

Rajapolah
Cisayong
Indihiang

, ':asikmalaya'

Manonjaya

Cineam

a1

. 437

1,791

1,614

2e

50

1,683

483

415

316

79

123
123
74

131

100

160

122

844 .

469

75
369

732

TOTAL

18,268 23,291 . - 4da

8,149

5,587

1,928

2,489

Percent

3.5 - 40.4 . - 0.80

141

9.7

3.4

4.3

vy Source: Land Use Department t&iknala&q D:l.:t:rict ‘

1978.°



TABLE ' A-4°

LAND USE 'pamm FoR CIAMIS| DISTRICY, 1977

. _ , (Bectares) .
e e i Land Use Categones*

Subdistrict " T ——— — - :

N ”w* T l.o;i:d cuf,;;?} Plantauon Forest Home gardenll ~ Other”  Total  Critical Area
Ciamis. 2,394 2,064 ' 5,743‘f'"ﬁ' 1,144 1,155 214 12,714 1,319
Cikoneng. : .1,561 1,887 - 268 - 1,235 . 652 ' 161 5,764 2->631
Cijemjing = 1,030 1,740 4,332 °© - - - 583 166 7, 851 1,457
Panumbangan 1,137 2,33 - .- - 206 301 . 382 4, 360 1,806
Panjalu - 2,384 - 6,268 - IR - 393 - 1,679 10,739 1,085
Cihaurbeuti 1,167 1,057 w224 2,534 340 158 5,480 712 .

* Kawali 1,836 3,412 507 115 656 670 72196 1, 364
Panawangan 2,400 4,736 - 252 627 712 " 8,727 1, 560
Buniseuri 1,495 3,959 480 - 274 291 958 72467 679
Rancah 2,693 5,080 . 3,711 712 335 305 12, 836 2,367
Cisaga 2,015 2,843 3,563 2,879 754 206 12,260 1,075 -
Rajadesa 1,933 4,999 e 952 . 728 427 9,039 712 -
Banjar 2,882 627 - 5,482 R 592 822 472 10-877 843
Banjarsari 2,707 11,284 s14 224 2,803 325 17,857 5,615
Lakbok 6,022 628 601 - 827 211 8,289 .
Cimaragas . 1,226 2,682 5,030 20 632 _ 141 9,731 S, 639 ey
Pamarican 3,693 10,231 793 . l , 593 1,011 271 17,592 - 8,492 . -
Padaherang 3,953 2,735 ~5,872: - 735 674 188 14,157 : “3;638 '
Kalipucang 612 2,698 1,492 2,106 275 169 7, 352 1,831 -
Total . 43,140 71,264 . 38,612 ... 15,588 - 13,859 7,825 190,288 42,825 . -
Percent _ 22.7 3724 20,3 ..., 8.2 7.3 4.1 100.0 22.5°

Source: * BAPPEMKA Ciamis District

Y

E Includes Homes and Yards.
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- Source : * BAPPEMKA KUNINGAN DISTRICT

TABLE A-5

_LAND USE PATTERN FOR KUNINGAN DISTRICT, -

‘ (Hecta.res) R

1977,

ZLand Use Categories*

_Subdistrict: "Lowland . ©
'Ri¢°*ﬂflV”’

Plantation  orest

Home Garden i/

' Others  Total

cuu’é@i

Area .

11,3060 80 - 5.850

J2,020 798 el 11,838

© 142 .

412

. 672

‘2,950

3,050

8,015

2,180

2,685

554

3,622

11,065 -

Percent 24.3

5.0

32.7

' 100.0

6L

1/ Include homes and ya:ds_;_
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TABLE a-6
. LAND-USE PATTERN FOR CILACAP- DISTRICT, 1977

'(héééate;{

.Land Use Categorles*

o s

Subdistrict - : — -—
Iawland L Upland ' . Home . ; - Critical -
§ m* : Crops ‘..»,,,Plantation ”!ibrebst Garden 1/ oOther Total Area
Gand:ungmangu B - o . 554 B - . - - - 594 55
Sidareja , -."'. 1,057 - 1,038 1,040 .. 364 - 850 78 4,427 367
Xarangpucuna 4,428 4,380 S 2,395 47 - 11,250 1,742
Majenang . - '3,499 5,043 Se 3,539 1,542 219 13,842 1,152
Wanareja - 3,413 6,868 1, 271 3,439 1,090 415 16,496 1,511
Dayeuhluhur 2,199 3,801 2,473 6,729 . e85 858 .16,835 - 1,739
Cimangu . 5,161 3,174 668 1,032 . 3,095 5,989 19,119 3,645
Kedungreja 241 . gy 129 883 319 3,829
Tot al (Hectares) 22,168 ’. 25 075;,.5 ' 5 452 _ 17,527 8,192 7,878 86,392 10,211
Percent of area 25.7 }' 29.0 _iﬂ 6 .3 T_!,‘,zo.a 9.5 9.1 100.0 11.8

Source: * BAPPEDA Cilacap District only' hectarage within ‘the boundaries of Citanduy Watershed given

1/ Includes home and yards.
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TABLE A-7

ECONOMIC LARD USE FOR CITANDUY SUBBASINS BY DISTRICT AND SUBDISTRICT
(Hectares)
: F Lovland Upland : Bome Critical
Upper Citanduy Swb-basin . ) o »
Tasikmalaya Pager Agewng 2,41 "3,381 1,614 a7 a6 8,159 e
Ciawi 2,383 2,693 1,791 483 7% 7,429 465
Rajapolah 2,076 563 280 122 3,041
Cisayong 2,603 1,838 1,950 675 123 7,186
Indihiang 3,401 1,374 1,037 994 123 6,929
Tasikmalaya 582 28 538 774 1,922 N
Cibsure:m 2,158 2,799 - 24 1,256 13 6,368 B
Manonjaya 1,351 3,788 43 46 484 %2 S,804 338
‘ Cinean 70 432 29 112 28 11 682 49
. sm‘ 17,065 16,893 72 6,574 5,155 1,771 47,530 1,778
Clanis Uhaurbeuti 1,167 1,057 224 2,534 340 158 5,480 n2.
Cikoneng 1,561 1,887 268 1,235 652 161 5,764 2,611
Panumbangan 1,137 2,334 206 301 382 4,360 1,806
Ciamis 479 412 1,149 229 21 43 2,543 2646
Panjalu 1,192 3,1 8 196 840 S,30 - 542
Ciiemjing 258 435 1,083 145 42 1,963 %4
° Sub~Total 5,794 9,259 2,74 ) 4,212 1,865 1,626 25,400 6,319
Total Upper Citanduy 22,859 26,152 2,796 10,7865 7,020 3,397 73,010 ‘*,Oﬂ
Peroant of Area 3.3 35.8 3.8 14.8 9.5 4.7 10C.0 1x.1
Cismtur Sub-basin
" Clamis Ciamis 1,918 1,651 4,594 1S 924 in 10,171 1,053
) Buniseuri 1,495 3,95¢ 480 274 291 968 7,467 [ ¥, ]
Panjalu 1,192 3,133 7 196 839 5,369 543
Pansvangan 480 947 50 125 143 1,745 30
Favali 1,836 3,412 507, 115 656 670 7,196 1,3¢
Rajadesa 1,450 3,749 714 546 320 6,779 532
Cisaga 1,343 1,895 2,375 1,919 503 -138 8,173 ‘n7
Rancah 1,36 2,54 1,855 356 168 152 6,418 1,14
Cijewmiing 772 1,308 3,249 439 123 5,088 1,093
- Total Clrmetur Sub~r-Lin 11,829 22,593 13,060 4,350 3,848 + 526 59,206 7.929 .
>ezcant of Area 0.0 38.2 22,1 - 7.2 -5 6.0 1000 22,7 -
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TABLE A-~7 (CONT'D)

ECONOMIC LAND DSE FOR CITANDUY SUBBASIN BY DISTRICT AND STBDISTRICT
—_— s L - 2o IRACT AND STBDISTRICT

(Hectares)
U eiiicivee. . lowland - Dplamd Plantation Forest Bome : Critical
Dist:j.ct o su:—m.m«:t Eice - c : - Carden Other Total Ares
Cijolang Sub-basin S el el SRR :
Cianis - . - Razcah 1,347 2,540 1,856 as6 167 152 6,418 1,103
Cisags 672 " 948 1,188 960 251 68 4,087 ase
Ratadesa , . 483 1,20 0 - 238 . 182 S107 . 2,25 . 178
Fazawvangan ' 1,920 3,789 LT 202 502 .569 6,982 1,252
ctotas | . 4,422 8,527 3,044 _ 1,756 1,102 896 15,747 2,99
Cilacap Dayeuhluhur 2,199 3,891 2,473 €. 729 85  @se 16,835 1,7%
Xsningan Selajanbe 1,306 80 o 850 142 672 3,050 2,180
Subang 2,020 798 , 1,835 a2 2,950 8,015 1,909
Sub~total . T 3,326 878 ‘ 2,685 554 3,622 11,065 3,989
Total Cijolang Sub~basin © 9,947 13,296 5,517 11,170 2,341 5,376 47,647 8,667
Percent of Area 20.9 27.9 11.6 23.4 4.9 11.3 100.0 18.1
Cikawung Sud-basin o : .
Cilacap Wasareja 3,413 6,868 - 1,271 3,439 1,090 415 16,496 1,511
M2 ienang 3,499 5,043 3,539 1,542 219 13,842 1,152
Ci=anggu 5,161 3,174 668 1,032 3,095 5,989 19,119 3,645
Sicareja 1,057 1,038 1,040 364 850 78 4,427 367
Farangpucung 4,428 4,380 2,395 47 11,250 1,742
Kedungreja 2,411 87 129 883 N9 3,829 ,
Gasérungmangu 594 §94 . 38

Total Cikawning Sub-basin 19,969 21,184 2,979 19,898 7,507 7,020 69,557 8,472

Percent of Area 28.7 0.5 a3 15.7 10,8 10.1  100.0  12.2
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TABLE A-7 (CONT'D)
ECONOMIC LAND USE FCR CITANDUY SUBBASINS BY DISTRICT AND SUBDISTRICT

_ (Bectares)

s e Sl Wlmd‘ 7_-{ bpma .

District N » Pllntation Forest Garden Other Total Area

Ciseel Sub-basin ) e
" ragikmalaya "~ manonjaya T

o a as 8 536 R
Cineam 1,51 387 149 9,541 583
Sub-Total 1,575 a2 157 10,077 . e
_Ciamis . Cimaragas 20 632 141 9,771 5,639
Pasarican 1,593 1,011 2 17,592 . 8,492
Banjar 592 822 472 10,877 - 863
‘ Banjarsari 224 2,803 325 17,857 5,615
S Lakbok 827 2 8,289 .
. Padaherang 735 674 188 14,157 3,638
Xalipucang 2,106 275 169 7,352 1,831
Sub-Total - 5,270 7,044 1,777 = 85,855 26,058
Total Ciseel Sub-basin 6.045 7,476 1,93¢ 95,952 26,272
Parcent of Arsa 7.1 7.8 2.0 100.0 27.9
Upper Citanduy Sub-basin . - . . 22,8589 26,152 2,79 10,786 7,020 3,397 73,010 - 8,004
Cimntur Sub-basin v 11,829 22,593 13,060 4,350 3,848 3,526 59,206 7,529
Cijolang Sub-basin o 9,947 13,296 5,517 1,170 2,341 5,376 47,647 8,647
Cikawung Sub-basin - 19,969 21,184 2,97 10,898 7,507 2,020 63,557 = 8,412
Cisesl Sub-basin S 22,98 37,283 20,196 6,845 7,476 1,93 95,922 26,112
Total Citanduy River Basin -~ - 86,802 120,508 44,560 44,049 28,192 21,253 345,352 -59,514

Percent of Arsa .. . 25.1 3.9 1259 12.8 8.2 6.1 100.0 17.2
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TABI‘E ’ A—8 - .
5 tAuD’sTAst«IN;CiTANDui‘WATERSHED'BYTDISTRICT

| ""('sééfare‘s);

Ttem® _ Privately Government = .- Forest - Pasture Land Use  Land in  Total
SRR " Owned Land Owned ‘Land 2/ ' Govt., Land ‘Land Right Dispute Area
Tasikmalaya 1/ . 46,018 398 . 9,380 e - 1,038 763 57,607
N Percent‘ 79.9‘*7 0.7 S 16:3 - 1.8 1.3 100.0
ciaﬁis 169,258 3;543 8,716 2,023 5,854 - 190,288
S _Percent’ sg.9 il a6 1.5 '3.1 - 100.0
xuningan  Mw; ifz 685f c._.43£1f - - 11,065
Percent' %f24 3 3.§.'f - - 100.0 -
Cilacap 26, 339; - - - 86,392
Percent - - - 100.0
Total 280,343 6,873 47,1260 3,357 6,892 763 345,352
Percent 81.2 2.0 i358T 1.0 2.0 0.2 100.0

’ Source: District (BAPPEMKA) Offices

1/ Tasikmalaya and Manonjaya Sub-District Status

on the basis of other subdistrict records.

2/ Including land owned by certain commmities.

Rfeco_rds‘ not available - estimates pmrat,ed;
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TABLE A-9

LAND STATUS' FOR TASTKMALAYA DISTRICT, 1978 ¥/

(Hectares)
Subdiéi:rict"""" P --'Pi'ivé.te o ‘-Govefnmerit Forest - Pasture Land Use TILand in Total
. g Land - .. Owned Land Gov.Land Land Rights Dispute - Area
Pager Ageung 3 1,614 185 132 8,159
Ciawi - 57 17 7,439

.Rajapolah 30 43 3,041
Cisayong - 80 .7,186
Indihiang S 194 6,929

* L
Tasikmalaya 35 27 1,922
Cibeureum 181 57 6,368
*

- Manonjaya 114 88 6,340
Cineam 16 436 125 10,223
Total 98 9,390 - 1,038 763 57,607
Percent 79.9 0.7 16.3 - 1.8 1.3 ©100.0

* No records available-estimated prorated on basis of other subdistrict records.
1/ Source Land Use Department Tasikmalaya District 1978.



pI-V

' LAND STATUS FOR CIAMIS DISTRICT, 1977

(Hectares)

P‘riir‘a‘t'e

Government

Pasture Land use Land m h

PR “Forest al Are
Subdist.rict}:L R ‘Land - Ovned. land Government land land rights dispute . Total Area
Ciamis 11,969 654 “35: I-~,».37 ~19° 12,714 -
Cijewnjing 7,630 1221 . - : - 7, 851
Panumbangan - 3,996 ‘158 - 206" AR 4,3€0
Panjalu 10,235 2827 15 207 10, 739
Cihaurbeuti 5,090 375 e 215 5,480
Kawali 6, 326 242 - 'S0 s B 7,196
Panawangan 8,190 182 -252. 103 8,727
Buniseuri 64329 c2b9 - 851 38 ‘ 7,467
Rancah 11,781 170 581 304 BT 12,836
Cisaga 8,779 510 2 ,001 56 914 12,4260
Rajadesa 8,444 +108 - 383 104 - 9,039
Banjar 9,169 oy 8 .77 - 1 627 10, 877
Banjarsari 15,527 222 559 1,549 17,857
Lakbok 8051 R Ca 18 220 8,289
Cimaragas 9,489 397 '87 116 9,731
Pamarican 15,395 81 - 1 393 483 270 1?.592
Padaherang 13,277 i 550 330 14,157
Kalipucang 5,066 el ,606 262 418 74352
Total 169,258 34543 8,710 2,923 5,854 190,288
Percent 88. .9 - 4;6 .5 3.1 100.0 .

Source : BAPPEMKA, Ciamis District




TABLE A-11-

LAND STATUS FOR KUNINGAN DISTRICT, 1977 .

 subdiserict

Private  Govermment

Forest Government
,Land:,¢fu

Pasture» LanQ.Use'

. ‘Land in
,QJ;'DQSPute

Total
Area

Selajambe . 1,922

Subang 4,774

 §IfV

‘13
1,114

3,050

8,015

Total 6,696

1,250.i

2,685

434 -

11,065

Percent | 60.5

11.3 .

24.3

100.0

Source: BAPPEMKA Kuningan

District.
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TABLE A-12

. LAND .STATUS FOR CILACAP DISTRICT, 1977

{ Hectares )

SGStRict . fand'.. . omedlamd . Lana land  Rights Dispute

~’f?-Pgiyate ‘. Government  Forest Government Pasture Land Use Land in,

Total
_Area

Gandrungmangu. . 394 .15, 185 - - -
sidareja 2,970 110 1,347 - - -
Yarangpucung 7,759 80 3,411 , - = -
Cimanggu 10,900 ‘490 7,729 o - o
Majenang 11,285 12713 2,288 - e
Wansreja 14,132 39 1,995 a=t e -
Dayeuhluhur 8,844 ‘318 7,673 - . -
Kedungreja 2,087 27 1,715 - - -

594

1,427
11,250
19,119
13,842
16,496
16,835
3,829

Total 58,371 1,682 26,339 | - o -

86,392

Percent 67.6 T 1ls

,5 36;5.JJf5. C e - - -

10C.0

Source : BAPPEDA, Cilacap District.



TABLE A-13

DIS'I‘RIBU'I‘ION OP IAND W'NERSHIP sm'rus BY DISTRIC'I‘ AND SIBDISTRICI FOR CITANDUY WATERSHED SUBBASIN

(Hectares) Sheet 1 of 5
. disteice | Private  Government " Forest "*‘?‘,‘pasture" Land Use ~  Land in Total
DBistrict subd{?tr%‘:t ' Land - Land -, Govemment Land - Land Rights Dispute Area.
ﬁpper Citanduy Subbasin
Tasikmalaya Pager Ageung ©,197 - 185 131 8,159
Ciawi 5,558 57 17 7,439
Rajapolah 2,963 30 a4 3,041
Cisayong 5,155 Al - - 80 7,186
:‘: : Indihiang 5,698 < = 194 6,929
~ Tasikmalaya 1,534 ° 13; & 35 27 1,922
Cibeureunm 6,090 - 181 57 6,368
Manonjaya 4,633 = 104 61 5,804
Cineam 518 »14;: - 29 9 682
Subtotal 38,346 192
Ciamis Cihaurbeuti 5,090 . 375
Cikoneng 4,515 298
Panumbangan 3,996 158
Ciamis 2,394 131
Panjalu 5,118 141
Cijeu-ngj ing 1' 908 . 55 - - - - -
Subtotal 23,021 1,158 1,171 126 4 - 25,430 :
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mm A-l3

DISTR[BU'I'ION OF IAND GINEIBHIP S'].‘A'I'US BY DISTRI(.'I‘ AND SUBDISTRICT FOR CITANDUY WATERSHED SUBBASIN

. A (Hectaxes) o Sheet 2 of 5
ST Private : Government : Forest Pasture Land Use Land in - Total
 District Subdistrict ‘ Iand nd: *  Land - ' Government Land  ILand Rights Dispute Area
Total Upper Citanduy 61 367; 71,380, 8,902 126 625 640 73,010
’ Percent 881 1.8 2. 2 © 0.2 0.9 0.9~ 100.0
Cimuntur Subbasin : S
Ciamis Ciamis 9,575 523 ‘28 30 15 - 10,171
Buniseuri 6,329 249 851 38 - - 7,457
Panjalu - 5,117 141" e 103 - - 5,369
Panawangan 1,638 36 50 21 - - 1,745
Kawali 6,326 242 50 n 507 - 7,196
Rajadesa 6,333 el '287. 78 - - 6,779
Cisaga 5,852 340 1,334 37 610 - 8,173
Rancah 5,890 85 201. 152 - - 6,418
- Cijeunjing 5,722 166 - - - - 5,888
Total Cimuntur Subbasin 52,782 1,863 2,899 530 1,132 - 59,206
S Percent 89.1 3.1 49 0.9 e -0 10000
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TABLE' A-13

DISTRIBUTION OF LAND OWNERSHIP STATUS BY DISTRICT AND SUBDISTRICT FOR CITANDUY WATERSHED SUBBASIN

Sheet 3 of 5 w3

District  Subdistrict =

' . ..Private
-‘;ahgﬁ‘i

_ Government ' -Forest - .

'f; Péstu1e

 Land  Govermment fand  Land

Land Use
Rights

Land in Total .

Dispute ‘Ax_:ea Ean

Cijolang Subbasin

Ciamis Rancah
Cisaga
Rajadesa
Panawvangar

5,891
2,927
2,111

L dss2

Subtotal
Cilacap Dayeuhluhur’

Kuningan Selajambe
Subang

‘17,481

1,922

- 4,774

;.85
:iZOQ

19
26 :
82 v

- 304

- 6,418

- 4,087

- 2,260
ST 6,982

'428.

:318"

136
o LLe

279

142
292

= 19,747
- 16,835

- - 3,050

- 8,015

Subtotal

6,696

’ 1'250‘  *

434

g

Total ‘c:l.jolang Subbasin

Percent

33,021
- 69.3

R T A

304
0.6

- a7,64L

- ©.100.0
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TABLE - A-13

DISTRIBUTION OF LAND OWNERSHIP STATUS BY DISTRICT AND SUBDISTRICT FOR CITANDUY WATERSHED SUBBASIN

.(’Hect‘aré'sr

Sheet 4 of 5 -

Private " -Goveriment ~  Forest Pasture
District ~ Subdistrict ' -rana! - . .Land  Govermiment lLand  Land

Land Use
Rights

Land in- Total
Dispute Area

Cikawung Subbasin
Cilacap . Wanareja. ...
Majenang
_ Cimanggu
Sidareja

Karangpucung .

Kedung Reja
Gandrungmangu

514,132 1369, 1,995
11,285 273 2,284

. 2,970
17,759

we0 0. 7

12,087
A,;@asgf,_“H

- 13,842

- 4,427

- 11,250
- 3,829
_— ' 594

Total éikawung Subbasin
_ Percent
Cigseel Subbasin

m;)m&laya Manonjaya

Cineam

49,527

10
407

7 . 536
116 ‘9,541

Subtotal

77,672"

417

123 . 10,077,
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TABLE A-13 .
DISTRIBUTION OF LAND WNERSEIP STA'IUS BY DISTRIC‘I‘ AND SUBDISTRICI' FOR CITANDUY WA‘I‘E&GHED SUBBASIN

 (He¢tareS)5~u},;;;aJ5q o Sheet 5 of 5

Land Use Land in Total

DiSt_r_;i"f'_‘;y'; s“bd'ls"rfct Rights  Dispute  Area -

Clamis® | Banjar o e, 169; T T 1,627 - 10,877 -
" Banjarsari 15,527 - - 222 559 1,549 - 17,857
Lakbok i . . 8,081" - o “18 220 _ 8,289
Cimaragas 9 4895} 39 87" ‘116, o _ o 9,131
Pamarican 15,395 51 1,393, 483 20 17,592
Padaherang 13,277 - i 550 330 o 14,157
Kalipucang 262 a8 - 2,352

Subtotal 1,988 - 4,414 - 85,855

Total Ciseel Subbasin

Percent

1,988 4,831 123 95,932
2.1 5.0 0.1 100.0

Sumnary y o S ' ‘
Upper Citanduy Subbasin 61,367 ‘1,350 :’67902“*{ 126 625 640 . 73,010
Cimuntur Subbasin . 52,782 1,863 2,899 530 1,132 -~ 59,206
Cijolang Subbasin 33,021 1,996 11,613 713 304 - e7,647 "
Cikawung Subbasin 49,527 1,364 18,666 - - - | 69,557
Ciseel Subbasin 83,646 300 5,044 1,988 4,831 123 95,932

Total Citanduy Watershed 280,343 6,873 47,124 3,357 6,892 763 345,352
Percent . 82 2.0 13.6 1.0 2.0 0.2 100.0




TECHNICAL IRRIGATION SYSTEMS IN THE CITANDUY WATERSHED

TABLE A-14

- 1979 AND POTENTIAL

Project

District

Water Sources

Irrigation areas

1979 Potential
(Hectares) (Hectares)
UPPER CITANDUY SUBBASIN . ‘
Cimulu Tasikmalaya Ciloseh River 1,950 2,087
Cipalih Ciamis Cipeuteuy 730 " 730
Citanduy Indihiang Tasikmalaya Citanduy 309 500
Cikalong Tasikmalaya Cikalong River 110 156
Cigede Tasikmalaya Cigayam River . 869 884
Cigayam Ciamis ‘Cigayam River 1382 382
Ciloganti " Ciamis Ciloganti _ 220 220
Cimarongmong . . Ciamis Cimarongmong - .-189 . 189
Banjar Plain Ciamis Citanduy River v 785
Total ‘ 4,759 5,933
CIMUNTUR SUBBASIN: |
Wangundireja _Hbiamié;i ?13 qiliunglﬁiﬁérfg‘ ;;376“
CIJOLANG- SUBBASIN L , 7600
Jagabaya ° - -.Ciamis Ja ahaya R
Rawa Onom -Clamis ijolang" :949
Panulisan - Cilacap Cijolang T S 574
Total f | | 1,400 2,123
CIKAWUNG SUBBASIN (Including Wanareja Sub area) o
- Cileumeuh G Cilacap Cileumeuh River 1,159 1,471
vcilopadang Cilacap Cilopadang River b221 221
Cijalu ' Cilacap - Cijalu River 1,262 1,262
Cilaca Cilacap - Cilaca River . 626 839
Total ' 3,268 3,793
CISEEL - IOWER CITANDUY SUBBASIN :
- Citalahab . Ciamis Citalahab River 546 -546
'+ Gunung Putri 1 ~;ciamis Ciseel River 433 433
.. Gunung Putri 2 Ciamis Citalahab 575 575
~ cikase -Clamis . ~ Cikaso River 290 469
Ciputrahaji Ciamis Ciputrahaji River 1,385 1,385
North Lakbok Ciamis Citanduy River 5,700 7,033
'South Lakbok ‘Ciamis. citanduy River 2,500
Total ! 8,929 12,941
Citanduy Watershed Total 18,732 25,166

Source: From ECI Design Reports, ECI Master Plan and I&D Divisgion Iﬂvestigationa}
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TABLE A-15

RICELAND AREAS BY.WATER SOURCE FOR CITANDUY WATERSHED

SUBBASIN BY DISTRICT AND SUBDISTRICT ’

xa

Irrigated in

 District Subdistrict  mechnical Rural Rainfed  Total
. . Dry Season
Ciseel Subbasin
Tasikmalaya Manonjaya 125 125
Cineam 430 498 978 430
Subtotal 480 623 1,103 430
Ciamis Cimaragas 663 563 1,226 530
‘ Pamarican 1,554 1,301 838 3,693 1,789
Banjar 1,576 295 1,011 2,882 750
Banjarsari 1,675 212 820 2,707 1,317
Lakbok 4,124 641 1,257 6,022 3,000
Padaherang 799 3,154 3,953 260
Kalipucang 123 489 612 48
Subtotal 8,929 4,034 8,132 21,095 7,694
Total Ciseel Subbasin 8,929 4,514 8,755 22,198 8,124
P
. Upper Citanduy Subbasin 4,759 11,429 6,671 22,859 11,419
Percent 20,8 50.0 20,2 100.0  50.0
Cimuntur Subbasin. - 376 8,342 3,111 11,829 6,271
| " percent - 3.2 70.5 26.3  100.0  52.0
Cijolang Subbasin 1,400 4,101 4,446 9,947 3,439
- Percent 14.1 41.2 4.7 100.0 34.6
Cikawung Subbasin 3,268 8,381 8,320 19,969 4,658
' Percent 16.4 42.0 41.6  100.0  23.3
Ciseel Subbasin 8,929 4,514" 8,755 22,198 8,124
Percent 40.2 20.3 39.5 100.0 36.6
Total Citancuy Watershed 18,732 36,767 31,305 96,602 33,911
4z.4 36.0 100.0

Percent

21.6°

39.1
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TABLE A-15 (Cont'd)

RICELAND AREAS BY WATER SOURCE FOR CITANDUY WATERSHED
SUBBASIN BY DISTRICT AND SUBDISTRICT

v , ] Irrigated in
District Subdistrict Tgchnical Rural Rainfed 'I'otgl Dry Season-
Cijolang Subbasin
Ciamis Rancak 258 739 350 1,347 - 728
Cciszga 542 | 130 672 251
Rajadesa . 267 - 216 . 483 211
Panawangan 600 885 435 = 1,920 1,144
ibtotal 1,400 . 1,891 1,131 4,422 2,334
. cilacap Dayeuhluhur 880 1,319 2,199 440
Kuningan ~ Selajambe 522 784 1,306 261
S ~ subang - 808 1,212 2,020 404
‘Subtotal © 1,330 1,996 3,326 665
3 'i@é@l'c15§1§ng Subbagin 1.400 4,101 4,446 9,947 = 3,439
Cikawung Subbasin o
. Cilacap ~  Wanareja 626, 1,365 = 1,422 3,413 .79
Majenang 1,483 . 1,400 616 . 3,499 1,153
Cimanggu 1,159 © 2,064 1,938 5,161 1,289
Sidareja a1 ‘se2 1,057 190
Xarangpucung 71,993 2,435 4,428 800
Kedungreja 1,084 1,327 2,411 - 430
Gandrungmangu ' '

© Total Cikawung Subbasin 3,268 8,381 . 8,320 19,99 4,658
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TABLE A-15 (Cont'd)

RICELAND AREAS BY WATER SOURCE FOR‘CITANDUY UETERSHED
' SUBBASIN BY DISTRICT AND SUBDISTRICT .

Technical

Irrigated in:

bistxict’ ‘shbdistrisg Rural nainfda»' Total o ceason |
Upper Citanduy Subbasin ‘
Tasikmalay: Pager Ageung 1,000 1,431 2,431 400
| ciawi 2,101 292 2,393 1,314
Rajapolah - 1,030 1,046 2,076 764
Cisayong 1,061 1,542 2,603 815
Indihiang 1,379 1,690 332 3,401 2,381
Tasikmalaya 550 32 582 500
Cibeureum 1,110 385 .663 2,158 1,330
. Manonjaya - 179 829 343 1,351 593
Cineam . - 20 50 70 20
Subtotal o y\;]j" “3’3;238 8,096 5,731 17,065 8,117
‘Ciamis|  Cihaurbeuti . 180 684 303 1,167 431
" Cikoneng . 790 598 172 1,561 1,030
panimbangan < .. 1,033 104 = 1,137 537
-”ciamis o ase 479 400
jPanjalu o tf: ff__  ‘1,192 739
f_cijeunjingf f, , _fﬁiddi : o 258 165
‘Subtotal S oasac 73,33 ‘o 5,794 3,302
'Total Upper citanduy “alema ¢ 11.a%a 22,859 11,419
Cimuntur Subbasin : - - . lf '

Ciamis Cianis 5 455 . 34 1,015 1,104
~ Buniseuri’ i 1,304 191 1,495 1,064
Panjalu 89 298 1,192 721
1 Pan4wangﬁh" *480 480 270
- Kawald * 1,040 796 1,836 676
‘Rajadesa o Ry 479 1,450 768

Cisaga 376 432 535 1,343 503
'Rancah 1,062 264 1,346 1,000
Cijeunjing .608 - 164 772 165

Toizl Cimuntur Subbasin 376 8,342 3,111 11,829 6271 -
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mw 0! rmm CROPS FOR CAI;.“STS DIS‘I.'RICI‘ 1976-1978
. - (Toms)"
; 197611977 : - 1977/1978 Average
Subdistrict BEa Corn Sweat & Peanu m ' fotal Area Corn Sweet Peanut Soybeans Total Ha Total Ave. Yield
Potato - : ﬂ_.. ba .. . Potats Yield yield  kg/ha

Cianis sea' 125.8 1,047.0 'u. i’ej;"lif' L de232.8 LG‘:.f‘za.( 627.5 41.7 - 1.4 699.0 421 965.8 2,294
Cikoneng 260 9.2  468.6 19.8 . 27.3. . S54.9 265 10.4 676.6 13.8  30.0 730.8 263 642.9 2,444
Cijeungding 133  30.1  220.0 26.0 = 7.7 . . m.o‘; 281 39.0 385.5 6l.9  27.5 513.9 207 398.9 1,927
Pemmbangan 485 257.3 . 364.4 50:9 3.8 . - 676.4' 263 93.6 478.1 . 5.4 . 0.7 577.8 374 627.1 1,677
Fanjalu 335 62.2 534.6 78.4 L _;.',_5_15;'2 517  195.8 482.9 61.3 " '739.9 426 707.6 1,651
Panswangan 1,180 834.3 < 548.7 73.4.  S7.5 © '1,553.9 1,424 576.2 1,690.3 87.2 2,354.3 1,302 1,954.1 1,501
Bajadesa 756 296.0 722.3 ns.s'~ '30.5 ' 1,174.4 970 234.9 266.7 218.4 _12.3 732.3 863 953.4 1.105
Clhaurbeuti 207  45.9  461.8 3.5 - S11.2 179  34.7 4477 482.4 193 4%.8 2,574
Kawali 320 57.8 369.35 ‘49.; f}_' . 476.4 229 63.4 391.8 23.4 478.6 -274 477.5 . 1,743
Cipaku s2 251 23.2 . 48.3 98  20.8 149.6 22.1 192.5 75 120.4 1,605
Rancuh 733 1,255.8 276.0 . 1,531.8 716 121.8 1,006.1 227.1° 23.3 1,378.3 724 1,4)5.1 2,010
Cisagn 1,713 404.2 3,562.5 97.5 : 4,064.2 1,595 73.7 4,291.C 233.4  10.4  4,608.5 1,654 4,336.4 2,622
Semjar 2,091 697.3 3,118.5 287.8  131.1 4,234.7 2,496 549.3 1,734.6 758.9  283.3  3,326.1 2,294 3,780.4 1,648
Banjarsari 4,565 3,741.8 1,243.1 465.5  395.4  5,345.8 3,755 2,453.3 447.9 562.2  278.2  3,742.3 4,160 4,564.1 1,092
LaXbok 978 178.8 768.4 328.6  218.0 1,493.8 744 184.6 158.9 219.2  283.3 846.0 861 1,169.9 1,359
Cimaragas 375 119.4 225.1 99.1 2.1 445.7 310 73.7 364.2 108.4 3.2 549.5 343 497.6 1,451
Pemaricen 906  276.2 312.1 370.0  Sl.4 1,009.7 1,168 137.4 387.4 80l1.2  10.2  1,336.2 1,037 1,173.0 1,131
Pedaherang 1,903 772.6  478.1 287.9  519.4 2,058.0 1,924 S561.8 471.4 581.6  301.5  1,916.3 1,914 1,987.2 1,038
Ealipecang OS5 490.0  233.9 124.8  22.1 870.8 1,647 708.5 129.3 479.4 107.8  1,425.1 1,251 1,148.0 918

Source 1 District Planning Office Records, Clamis .

" Potal 18,411 2,954.0 15,934.4 2,828.1 1,525.0

28,241.5 18,859 6,161.4 14,585.0 4,506.6 1,373.8 26,629.8 18,636 27,436.2 1,472
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- TABLE A-17
PRODUCTION AND YIELD OF CASSAVA IN THE CIAMIS DISTRICT

e g 1e761077 . . 1977/1978 Average :
Subdistrict. Area (ha) ~ Yield - Production ~Area (ha) Yield ©Production Area (ha) Yield Production

R gg_/_ha@_; ~ tons- - - kg/ha tons ' kg/ha tons
ciamisi'g»;';:1!359;  6,426 - 7, 898.66 . 847 6,837 5,833.29 1,038 6,615 6,865
Cikoneng = - 780 . 6,766  5;277.90 . 1,205 6,464  7,783.52 992 6,586 6,534
cijeunjiggf‘_jff 7,138 6,410. 64 . 4ij239 'ff“‘7,z72 9,010.01 1,069 7,212 7,710
Panumbangan = 6,354 3,558.70 . 773 7,490  5,789.77 666 7.018 4,674
Panjalu . 7,743 . 5,354.40 ‘fff 727 6,834 4,968.32 709 7.280 5,161
Panawangan . il ‘ ?55,963°1 3,990.40 fﬁssz‘ 7,588 7,299.66 767 7,560 5,645
Rajadesa 1,482 -~ 7,539 11, 174.347;i;;iv816' 7,185  5,860.96 1,149 7,413 8,518
Cihaurbeuti 3707 . ‘6,867  2,541.40 479 7,184  3,440.18 425 7,037 2,991
Kawali 71,498 - 6,612 9,905.32 | 1,183 7,200  8,518.78 1,340 6,875 9,212
Cipaku_ 1,010 - 6,489  6,554.50 - 875 7,379 6,450.62 942 6,903 6,503
Rancah ‘1,342 6,222  8,349.58, 794 7,310  5,804.14 1,068 6,626 7,077
Cisaga 3,706?5 ‘7,757 28,749.70 784 7,780  6,099.52 2,245 7,762 17,425
Banjar 1,521 7,256 11,036.23 3,663 7,299 26,736.24 2,592 7,286 18,886
Banjarsari 2,504 7,153 17,711.11 4,053 8,237 33,384.56 3,278 7,794 25,548
Lakbok 965 7,063 7,816.00 1,015 7,640 _ 7,754.69 990 7,864 7,785
Cimaragas 1,976 7,134 14,197.78 3,279 7,710 25,281.69 2,628 7,511 19,740
Pamarican 1,660 . 7,001 11,621.40 3,203 7,825  25,063.47 2,432 7,542 18,343 -
Padaherang 1,458 7,560 11,023.20 = 1,757 6,625 13,397.13 1,608 7,593 12,210
Kalipucang 1,237 7,100 8,783.24 1,719 7,710 13,253.49 1,478 7,455 11,018
Total 25,459 7,147 29,373 7,346 221,736.95 27,416

181,955.30

7,362 201,846




TABLE a-18 .

PRODUCTION AND YIELD OF CROPS IN CIAMIS DISTRICT

1977-78
Description Units 1977 1988 Average
Corn
Area Harvested ha 6,767 9,224 7,995
Production ton 5,515.7 7,023.6 6,269.6
Production per ha kg - B15 761 784
Cassava
Area Harvested : ha 40,228 37,340 38,784
Production . ton . 302,540 277,568 290,054
Production per ha kg 7,521 7,433 7,479
Sweet Potato .. ° o
Area Harvested _Ba. 5,361 5,401 5,391
Production “ton’ 19,554 19,736 19,645
Production per ha kg 03,633 ' 3,654 3,644
Peanuts
- Area Harvested ' ha 7,228 4,302 5,765 -
A ?roducti?ﬁfﬁ; ’Qy, “ton: 053 +3, : :’4.924
.Production per ha- o esa
Brea Harvested 1,08 1,19
‘Production . - ©835.8  956.7
“Production per ha m 798
vGreéﬁ Béén
_Area Harvested . 198 - 40 69
" Production '70.0 28.4 49.2
Production per ha- 835 71 73
. Total Area Harvested . ha 61,016 57,391 59,203

Source: Kecamatan Records from Agricultural Service Ciamis District



TABLE A-19

: CITANDUY WATERSHED GREENING PROGRAM
-OF . TERRACING. AND . PLANTING FOR THE. 1972-77 PERICD .

62-¥

ziygééé;" 2;;;§%§;§ksé§j§is£:§§£ h ig?iﬁ{953’415332}§74' +§Z:£}975 19::;}976 19:::}977 19:;:}973 T:::1
2 . 3 - . a4 5. 6 7 8 9
1.  Ccimaragas - 475 - 638 - 600 400 1,703
2. Cisaga 16 ATy el 250 1,900 100 2,415
3.  Rancah o 1,650 500 2,460
4. Panawangan 340 - 200 700 1,553
5. Pamarican 2,201 1,500 700 6,880
6.  Banjarsari 656 1,500 - 3,946
7. Cikoneng - - - 153
8. Ciamis L - - - 200
9.  Padaherang © 1,647 1,200 - 3,132
Kalipucang a9 300 - 76
11.  Banjar a 697 - . 829
12.  Rajadesa - - 950 1,237
‘13, Kawali e 100 £50 1,220
1l4.  Panjalu - 300 600 - 1,250
15.  cipaku - - 550 640
16.. Panumbangan e 193 = 563 -
17.  cihaurbeuti - - - 138

Total ' - 2,362 1,180 4,500 5,590 10,140 5,350 29,122




TABLE A-19 (Cont'd)

- CLTANDUY WATERSHED GREENING PROGRAM
OF TERRACING AND PLANTING FOR THE 1972-77 PERIOD

0€-V

' o mdmen e yg9501973 1973/1974 197471975 1975/1976  1976/1977 1977/1978 Total
Nunmber District/Sub . Dis : : .
bar - PLEETiSH/Bub Dlatrict (Ha) (Ba) (Ha) © (Ha) (Ha) (Ha) (Ha)
Tasikmalaya - -

1.  Pagerageung 583 400. - - 900 800 2,683
2.  ciawi : - S - 500 500 - 450 1,450
3. Cibeureum = =¥ - - - 750 750
4.  Manonjaya 389: - " 400 1,000 625 g 2,414
5. Cineam : 420 7780 1,600 . 2,000 1,625 - 6,425
6.  Indihiang - - e - 100 - 100

- - 73,500 3,250 2,000 13,822
Kuningan ‘
1. Subang - = = = 100. 1,865 1,965

2.  ciniru- S 456 305 1,510 400 2,671

Total o ase 305 1,610 2,265 4,636
Cilacap : _ :

1.  Dayeuhluhur - - - 400 1,500 1,600 3,200
2. Wanareja e e 450 - C - ~100 - - 950 - 1,500
3.  Majenang - R - e Te 750 70 750
4.  Cimanggu - = - - - 400 400
Total 3,754 2,360 7,905 9,795 16,600 3,700 6,150
Total Citanduy Watershed 3,754 - 2,360 7,905 9,795 16,600 13,315 53,730

Source: Citanduy - Cisanggarung Reforestation and Greening Program Guidance and Planning Project. -
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TABLE:a~20"

[PLANNED 1978-79GREENING PROGRAM IN THE CITANDUY WATERSHED

Tocmacing

Planting

. (Ha)

. Total -
‘(Ha)

102
-'397
193

35

176

151

‘as1
398
145
5265_ 
954"
238

207
‘549
342
171
683

1,002

5,115
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TABLE A-20 (Cont'd)

"PLANNED 1978-79 GREENING PROGRAM IN THE CTTANDUY WATERSHED

o(Ba) T (Ha) (Ha)
: -4 ’ 5

18 230
118 464
136 694
44 242
17~ 229
el - 461
‘cilacap -
Wanareja < ©1,364: - 543 1,907
2. - Majenang 6713 342 1,016 -
-3 Cimanggu - © 3,038 1,278 4,316
2h;~ Karangpucung 989 362 1,351
Total 6,064 — " 2,525 7 g,506

Total Citanduy Watershed ' 10,606 B ‘ 4,253 ";«ﬂ:14f8664

_Sburce: Citanduy - Cisanggarung Reforestation and Greening'Pr6§§;h4Guidance and
Planning Project.
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ESTIHATED COST ‘FOR ONE COHPLETE METEOROINICAL qTATION

Y

~ TABLE B-1

Item P;za::::;m Rp. Cost
Automatic raingage with tipﬁing ) 4 230,000
Manual raingages 47,725
Charts for raingage (Belfort) - 24 boxes 47,725
Evaporation pan iﬁducting wall, n
thexrmometer : 1 238,625
Sunshine duration recorder (Campk 1 133,630
Wind recorder with parts Y 1,674,810
Maximum-Minimum thermometers (Tow 6 ) 35,794
Sling Psychometer,electric’ L 'f .‘2 ; 43,907
‘Shelter for thermometers | 1 150,437
Water supply tank (200 uters) 1 11,500
Wind direction charts C123-D 24 rolls 47,725
Wind speedvcharts Cl23-5 o 24 rolls 47,725
- Chart 0-40 degrees 1 year c431-a 2 sets 9,545
~ Thermometers HM-1AC-R h 6 24,544
- Enclosure fence, 11 gage steel link wire metal
post set in concrete (6 meters x 10 maters -
including foundation for each instrument) 1 287,500
" Contingencies 108 454,680
YTotal 3,485, 88

- B=1



 TABLE B-2

COST ESTIHATB FOR AUDIO VISUAL EQUIPMENT FOR TRAINING PRDGRAH

“ 1. A conplote Betamax Color TV Video Equipment set, comparable to the SOnny '
3mownm,MdMMgmmm,hmﬂu.thuuuemmmmmTVMmhu
aiank Video Cassette Tapes (3 hour and 1 hour programs) and Accessory

and Auxillary Equipment.

U.S. $§ . Rupiah
Basic Set SIL 3100 1,145.00 715,625
HVC 1100 1,145.00 715,625
TT 3100 350.00 218,750
Y 499.00 311,875
: 3,139.00 1,961,875
Tapes, Color, Betamax, 3 hours and 1 hour '
175 ea, 3 hours, at 26.40 '4,620.00 2,887,500
500 ea, 1 hour, at 14.30 7,150.00 _4,468,750
11,770.00 7,356,250
Accessory Equipment Sonny
. J%-1 315.00 196,875
3. LC-3100 65.00 40,625
5. . RP-60 45.00 28,125
6. TV 301 v 210.00 131,250
7. AH 350 ' 15.00 9,375
8. AC 301 ¢ o 100.00 62,500
9. VCR 3 : 175.00 109,375
10. ILC 1100 28,00 ‘ 17,500
13. AL 77 (2) 148.00 92,500
14, HVL 77 (2) 98.00 61,250
15. XB 250 (10) 125,00 78,125
16. Sab 250 (10) 75.00 46,875
17. CMA 110 (2) 158.00 98,750
18. EMM 31 HCV (2) 80.00 - 50,000
19. sab 40 (2) 10.00 6,250
20. VCL 110 (10) 65.00 40,625
1,712.00 1,070,000
2. Overhead Proijector : »
Gakken, GDJ 626w 600.00 375,000
Transparenciea
5 boxes 140,00 87,500
) 5 rolls 160.00 100,000
L Do . 900,00 562,500
3. 8 MM Sound Movie Equipment
. Canon 514 XLS Sound Movie Camsza: R
with carryring case : -388.00 242,500
Canon PS 100 Sound Projector . L '
with carrying case . - 377.00 235,625
Goko PM 2 Sound Editor with '
carrying case ( 184.00 115,000
Stitz Tripod, TP 3 CDX 110.00 68,750
1,059.00 = - 661,875
Total eatimated Cost 18,580.00 11,612,500
Contingencies (30 percent) 5,570.00 ‘3,481,250
Total 24,150.00 15,093,750

Note : Items to be purchased by USAID direct purchase ara to be of American -
Manufacture and of comparable quality and performance to the following lllt.d -

equipment from Japanese Catalogs. Equipment lhould operats on 110 Volts,

50 cycle electric current.
B-2
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| | . TABLE B-3 | o
ESTIMATED COST OF MISCELLANEOUS TOOLS POR KABUPATEN CIAMIS

(Rupiah)
Equipment " Cost per Unit ‘Units Total Cost
Cangkul 1,500 650 975,000
Other Tools for Terracing 2,500 100 250,000
Survey instruments (level with
tripod Model Kern GKT) 498,000 ‘9 4,482,000
Abney Hand Levels 80,000 40 3,200,000
Simple Water Levels . 4,000 80 320,000
Hand Scales 50 kg 30,000 20 600,000
Measuring Tape 50 m 30,000 20 600,000
Subtotal , : 10,427,000
Contingencies @ 258 - - 2,607,000
Total ; 13,034,000

3



| TABLE B-4 _
' COST ESTIMATE FOR DETAILED SOII SURVEYS £ h

1. Labor Cost | Rupiah
" One technical (Team Leader) for one day 1,600

Two non-technical for one day (700 Rp./day x 2) 1,400

Labor Cost 3,000

Utilize one Pickup for one day and soil rurvey
equipment estimated at 5,000 Rp./day 5,000

3. Laboratory Analysis 32/
Assume 5 ha. per sample to be analyzed

= 4 has./day x 32000 Rp./sample
5 has/sample 2,400

Total Estimated Cost 10,400
Contingencies (7%) 728
Superv. & Adm. (10%) 1,112

Total Cost 12,240

4q. Assuming 200 field daya per year, each -goil survey team could provide detailed

soil surveys on 800 ha per year ‘at. the rat:e of 4 ha per day.

1/ Auger boring density is 20 borings per hectare, for noncropland 10 borings
per hectare. A team could accomplished an average area of 4 hectares per day.

Includes transport vehicle and goil survey equipment.

SN

Laboratory analyai_s inciudes chemical, physical & engineering analysis.
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TABLE B-5

BENCH TERRACING COST ESTIMATE
254 SIOPE AND 120 cm VERTICAL INTERVAL

Unit ‘ Cost

Item Unit Cost Quantity Rp /h#

Labor
Field Preparation-Surveying md 500 64 32,000
Siz%‘ng Fields , md 500 8 4,000
Terrace Construction Y £00 455 227,500
Constructing Waterways and Diversions md 500 85 27,500
Constructing Drop Structures md 500 65 32,500
Revegetating Waterways and Terrace Risers md - 500 73 . 36,500
Total Labor » | 720 360,000

'Materiala
Bamboo for Drops and Staking “pe. . 50 600 30,000
Stone. ¥ “ml . 3,700 7.0 25,900
Grass for SOdding Risers and. Waterways mz 12 3,000 36,000
,,Total«naterials & ',}f Ll R
:l{'-mtu Cost. Estimata R | 451,900
cont:l.ngenciea ("a\)" 22,600
. Engineering Design (5%) 23,700
K .Eng:lneer:lng Supervision and Mminiatration (10%) 49,800
© ... fotal Cost 548,000

1

1/ Based on 455 md/ha from Panawangan terracing, on approximately 1/2 of
1,356 m /ha at the rate of 1.5 m3/md, based on the fact that most areas are
partially terraced.

_/ Stone cost estimated at 1,200 Rp/m cost, plus hauling 10 km @ 250 Rp/km/m -
2,500 Rp, for total of 3,700 Rp/m3. ,
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TABLE B-6
COST ESTIMATE PER HECTARE FOR CRITICAL AREA PLANTING
WITH GRASS AND BRAN:ii CUTTINGS

P N . . Cost
‘Item , Unit Unit Cost Quantity Rp./Ha
Materials :
Grass for sprigging ' m? 12 10,000 120,000
Brushwood : . pe - 5 25,000 125,000 -
. Fertilizer ’ kg 70 500 35,000
Hauling materials for : 3 ' ‘ »
10 km @ 250 Rp/m3/km m 2,500 25 62,500
Total Materials o - g 342,500
Labor R o
Land Preparation:' fmd'[- " 500 - 100- 50,000
Sprigging . md 500 Y 58,500
Brushwood planting mas0p 100 50,000
Total. Lahor ST gy 158,500
“Total’ Estimated Cost 501 ood;
 ; COntingenciea (5\) uf 25 050’
: Engineering Design (1s) - 5 260J
"Eng. Supervision & Adm.: (2%) ,10,6301
Total Cost’ 541,940

This is,equivalent to Rp. ‘55 per- m3 tor ‘critical area planting




TABLE B-7

COST ESTIMATE FOR A KILOMETER OF DIVERSION %/

_ Rupiah/km

Materials

Grass for sodding 2,000 m2 el Rp.'/m2 " 24,000
Stone for drops3.0 m> @ 5,000 Rp./n> o 15,000
Bamboo 135 pes. @ 200 Rp /pc. ' ' - 27,000
Hauling materials 6 m for 20 km @ 250 Rp. /kn\/m 30,000
Total Materials 96,000

3., 3, ' .2/ '
Excavation 408 m™ @ 2 m"/md = 204 md @ 500 Rp. : 102,000
Trimming estimated at 26 md @ 500 Rp. e i 13,000
Sprigging 2, ooo m® @ 50m2/md = 40 md @ 500 Rp.. 20,000
Total Labor e .o 135,000
Total Estimated Oost ST 931,000
f'&ﬁ%ihdéﬁéiés (5%) 11,550
"Engineering Design (5%) 12,100
Engineer:lng Supervision and Administration (10%) 125,450
Total Cost 280,100

, _/ Design criteria was 10 year frequency rainfall of 76 mm/hr and a runoff

. coefficient of 0.25 (Q = 2.78 CIA) = 52.8 1/s/ha. Assuming the average

- area drained by the diversion to be 5.5 ha the capacity requirement would
‘be 290 1/5.

-2/ Typical parabolic grassed waterway with a top width (t) of 1.7 meters and
: .a channel depth (d) of 0.30 meters that would have an area of 0.34 m2

. (A=2/3 td) and a peak discharge capacity (Q) of about 300 L/S with a

C oy ‘,,velocity of 0.88 m/s.
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. TABIE B-8
e GULLY HEADCUT TREATMENT '
“DETAILED ESTIMATE FOR RUBBLE uasonnx
(ESTIMATED AVERAGE VOLUME 7.0 m )

Materials
Cement = 40 kg sks @ 2,000 Rp_/sk x 6 sks- 12,000
‘Sand = 2m3 @ 2,200 g ./m3 . _ 4,400
Rubbles 7 m3 @ 2900 Rp./m : 29, 300
" Delivery of materials 20 km @ 225 Rp. /km/m3 fot an :
~estimated 9-m3 : 40,500
86,200

Labor'Coét‘
: Hauling of material from the main dump to the site | '
4 mndays at 500 Rp. : . 2,000

Construction of rubble masonry o
1 mason with 4 helpets @ 3.5 days = 17 5 md at 500 Rp. 8,750

Excavation est. 10 m°3

1 foremen + 5 laborers for 2 days = 12 md at 500 Rp. 6,000
: Backfilling, 2 mandays at 500 Rp. . o . 1,000
~Labor Cost 17,750

"'_”.Contingencies (Sl)‘ L 5:?00'

.‘:,'.‘-',‘.Enqineering Des:l.gn (5!) 5,450

"_;Engineering Supervision & Nlmin:l.stration (10\)

' _/ Headcut treat:nent structures assumed to control a gully head with, an average
depth of 2 metets and 7 meters wida with an average volume of 7 m3.



TABLE B-9
"COST ESTIMATES FOR GULLY CONTROL LOOSE ROCK DROP/CHECKS—/
(E..:TIMATED AVERAGE VOLUME 4 5M )

Materials ‘ o Rup. iah/Structure |
4.5 m® of boulders @ 5000 Rp./m°2/ . 22,500
Labor

1. Excavation and Triming of surfaces,
' Vol. = 3,0m3 utilize 3 laborers.@ lma/md.
- = 3md. ‘ :
';’._'2-':“7{-";Hauling of boulders from dumping area to
; the site utilize 3 laborers @ 1. 5m /d for
,. 3 ‘
,4 5 m. =3 md

} vLaying of boulders ”
;,;3 laborers @1.5 m /d for 4. ma.i '3 md‘ '

4. 'Backfilling, compact:ion and reveget:at:ion

' 2 ‘man days

Total 11 man days at 500.Rp:/manday, /5,500

Tot:al '. Estimatedc'ost ‘ 28,000

- Contingencies 5% T S ' 1,400
Engineering Designs 5% : ) ] 1,470
Eng g Supervision & Administration*'lO\ 3,090

Total’ 33,960

‘ y This loose rock check/drop structure has an average effective dam height‘of
1.20 metors; average dimensional values taken from .30 m to 2.10 m, as ninimn
and maximum height respectively, and with an average volume of 4.5 m / structnre.

.2/ Based on a cost of 2,900 Rp. /m3 plus 2,100 Rp. /n for hauling to d\-p nlte ‘
B9



o TABLE B-10
© COST ESTIMATES FOR GULLY CONTROL BY
_SMALL ROCK DROP/CHECKS (1.0 m>)

. Materials - ggpiéh/Strucﬁﬁre

Labor

: Contingencias'(5%) H;ff
" Engineering Desigﬁjj5§{

' Englnecring Supervision and Mdministration (108) =~

1 cu. m. of boulders 5,000 Rp. at site 1/ 5,000

Excavation and trimming of surfaces vol, =0.7 m3;

will require about 1 manday of labor

Hauiing of boulders from dumping to the site will
utilize 1 laborer @ 1.5 cu. m. per day per
‘laborer = 0.67 manday

Laying of boulders, backfilling and compaction will
require approximately 1,33 mandays labor. S

Total labor 2.7 md at 500 Rp.

Total Estimated Cost’

P ey
5

1/ 'Based on a cost of 2,900 Rp./m3, plus:2;100 Rp./m3 for hauling:
"t the dump site.

f : £;1b‘ﬁ



TABLE B-ll

GULLY HEADCUT OR S'l‘REAMBANK EROSICN mr ‘A’I‘ME‘.NT -!'-/
COST ESTIMATE FOR GABION RETAINING WALL
(Estimated Volume 7 m3) :
Material Costs ’ ' Rupidﬁ/’stru‘ct(xre :
' Boulders at 2,900/Rp/m> x 7 m> 20,300
- Material for Gabions v 3
Dimension = 1.2 m x 0.80 m x 0.50 m = 0.40 m
No. of Gabions = -6-15-8- = 14.6 units say 15 units
Estimated at 7 kg of wire/gabion @ 400 Rp./kg 2,800
' Total Cost of Materials ":‘23,1‘_00.
' Hauling ’ 3 S
, Estimated hauling of 7 5 m for 20 km @ 225 Rp/km/m o '33,.75()
' Labor Cost C R N VN B
" Cost of excavation (3 man-days @ 500 Rp. ) ~:1,500
" Fabrication of 15 gabions, - . 15 Lo
4 -laborers with output of 5. gabions/day(4 X=X Rp. 500) . 6,000 .
' Hauling boulders to_site from main dump, 4 laborers with L
capacity of 1.5 m3 per laborer = 4 x 1.5 x Rp. 500/md 3,_000'

Filling and laying of gabions, one supervisor and 5 laborers - . -

with a capacity of 5 gabions per day (Labor = 6 x 15 x SOO,Rp.) 9,_0010

‘ Backfilling & Compaction 5

Backfilling 2 1aborers, (V= 3 m )

: 5 ’ (m /d/1aborer)= 2 mandays at 500 Rp. ' 1,000
Tbtal Labot Cost .. - 17,500

'mtal Eetimted coat 74,350

‘ Contingencies (5\) 23,700
’ Engineer.ng Design (5\) 3,900
‘Engineering Supervision & Administtation (10\) 8,200
eio£51“' 90,150

1 1/ ‘A gully headcut with average dimensions of 2 m deep by 6 n
- wide. will require an average volume of 7 m3 of gabicns. '

B-11



~ _ TABLE B-12 |
COST ESTIMATE FOR THE CONSTRUCTION
: BAMBOO WATTLE CHE |

- Average height and width of check = 0.40 m x 2 m

: Rug ‘iathit‘ructure ‘
Materials

16 pcs. of bamboo at 200Rp./pc. " 3,200
‘2,5 kg of tie wire at 400”@’."/]_:91;2 - 1,000

Oostof ‘Materials 4,200
Hauling

Regular load per truck is 250 pcs. of bamboo

hauled an estimated 25 km @ 250 Rp./km B

‘= 5,000 Rp./load or 5,000 . 16 o 325,

S 250 B
Labox ~

) B;g&?ation" Volume 0.25 m3

Installation of wattles 11/2 manday -
- Total Labor est. at 1.75 md at 500 Rp..

. Contingencies (54) . .. S 270

. Engineering Sipervision & Mainistration (10

6,545

1/ A bamboo wattle check with avn&age.effocuw dam height of 0.4 - made of
native bamboo. , , * Co e

'B=12



: TABLB 8-13
CXJST ESTIMATE FOR THE CDNSTRU(.‘I‘ION
OF BAMBOO WATTLE CHECKS WITH STONE DISSIPATORS

Average height and width of check = .04 meter and 2 meters

Rupiah/structure.

Materials

16 pcs. of bamboq at 200 Rp./pc. 3,200

*2.5 kgs. of tie wire at 400 Rp./kg 1,000

0.25 m3 of stone at 2,900 Rp./m3 725
Cost of Mataerials 4,925

,m‘mung

Regular load per truck is 250 pcs. of bamboo hauled an average
- of 20 km e 250 Rp /km = 5,000/10ad or 5,000 ., j¢
250

‘ H'enling,.stone 20 km @ 22‘5 ?Rp./km/m for 0.25 m3

Total hauling’
",‘ﬁxcava’tionj ’vbiumé = 0.25&3
‘Utilize 1 laborer at 500 Rp. /day

o with: one (1) cubic metaer/day output
‘.'Labor Ccost = 0 25 m3 x man-day x 500/manday

1 m3
: Installation of wattles & stone dissipators T
Utilize 2 laborer for 1 day at 500 Rp./day wage rate 1,000
Labor Cost o 1,125 |
Total Estimated Cost ~ 7,500
ContinQencies (5%) SRR - 375
Engineering Design (5%) i ; -' ‘ ' 390
- Engineering Supervision & Adminiatration (10%) 825
Total Cost 9,090




TABLE B - 14

COST ESTIMATE PER KILOHE'I‘ER FOR. EROSION PROOFING
" EXISTING ROAD SYSTEMS -

Item v ' Project Villages Total
Labkor ,
Field Surveying and Staking (20 md) 10,000 10,000
Smoothing Shoulders and Ditches (80 md) 7,600 32,400 40,000
‘Collecting Stone for Surface and ! » .

Drop Structures (1,000 md) ... 200,000 300,000 500,000
Installing Culverts and Drops or Checks ' ;150,000 ' 150,000
Sodding cutbanks and roadsides e 100,000 100,000
Road Surfacing (Stone) 2,000 mz/km: ;}1jltj1oo,000 600,000 700,000

' Total Labor 467,600 1,032,400 1,500,000
vHauling‘ﬂ” ‘ R L .
Hauling soo m for. 7 km e 250 np/m/km {975 000 . . . . . . 875,000
Pt S hisdas

Hauling other Materials 20 m for 20 km 90 000 L ,{*f‘”,‘;ﬁff90;0067

@ ‘225 Rp/m3/km
| som | eesan0
“Materials
Culverts

Cement 40 kg sks @ 2 000 Rp/x 5
. Sand3m3@2200 Rp/m ‘

Total Materials : . 216, 600 216,600

,}V'lbtal Bstimated cost 1 649, 220 1 032 4oo 2,681,600

;jconungencies v 82,460 s, azo 134,080
fEngineering Design (5!) ;140}780* N 140, 780
. Engineering Supervision .

;and Administration (10\) 295 650“ - 295,650
f'notal cost : "f, 2,168,090 1,284,020 3,252,110

[percem: T 33.3 100.0
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TABLE B ~ 15

COST ESTIMATE PER KILOMETER OF DISTRICT ROAD
FOR NEW CONSTRUCTION

Item . . Project Villagers Total

Labor (at 500 Rp/md)
Field Surveying and Staking (30 md) 15,000 © 15,000
‘ 1 )
Construction Road Embankment (5,400 md) 1,500,0004/1,200,000 2,700,000

Installing Culvert and Drops or Checks
to Erosion Proof Road (300 md)g/

30,000 120,000 - 150,000
: S A

Collecting Stone for Surfacing and 1/ | ‘l:_@
Drop Structures (2,100 md) 500,000 600,000 1,100,000
Road Surfacing (Stone) 3,000 m? (2,400 md) 500,000 L/ 700,000 1,200,000
Total Labor o . 2,545,000 2,620,000 5,165,000
“Hauling G ‘ v
) Hauling Stone 1,100 m3 for 7.-km.. 7 e :
@ 250 Rp/m 3km s j i1_,925,990 1,925,000
Hauling other Materials 50 m3 !or 20 km . ; «gV’""' SO
@ 225 Rp/km/m3 ety e 225,000 0 - 225,000
Total. Haterials E 2,150,000 - 2,150,000
Materials
Culverts 432,000 432,000
Cement 4o kg sks @:2,000 Rp/sk x 10 " 20,000 20,000
Sand 5 m3 ez, 2oo Rp/m vf;, i i 11,000 11,000
Tbtal Materials .. 463,000 463,000
‘Total Estimated cost - . . 5,158,000 2,620,000 7,778,000
“Contingencies (5%) 257,900 131,000 388,900
Engineering Design (5%) 408,300 408,300
Engineering Supervision and 857,500 857,500
- Administration (10%)
Total Cost o 6,681,700 2,751,000 9,432,700
Percent ] .70.8 29.2 100.0

1/ Current road subsidy rates in the Ciamis District obtained from
Mr. Rachlan on 10 July, 1979,

2/ Includes sodding of cut slopes and road.shoulders yiéh local grasses.
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THhBLE C-1

PRESENT CONDITION (1379) LAND USE BY DISTRICT

(Hectazas)
Land Use Tasikmalaya Ciamis Kuningan  Cilacap Total
Crop Land
Irrigated Riceland _ o
Technical Systems 3,238 12,226 3,268 18,732
Rural Systems 8,576 . 17,600 1,330 9,261 - 36,767
Fainfed Riceland 6,354 13,314 1,996 9,639 31,303
Subtotal 18,168 43,140 - 3,326 2,168 86,802
Upland Cropland 23,291 71,264 878" 25,075 120,508
Home Gardens &/ 5,587 13,859 554 8,19z 28,192
Total Cropland 47,046 128,263 4,758 55,435 235,502
Plantations 484 38,612 5,452 44,548
Forest 8,149 15,588 2,685 17,627 44,049
Other Uses
Residential - - .1,150 3,700 130 - 2,280 7,260
Roads and Trails - . 341 - 862 43 538 1,784
Rivors and Streams = 293 3,712 35 608 4,648
Other 14 D - A 3,263 3,449 5,060 12,249
Subtotal - 2,221 11,537 3,657 8,486 25,901
‘Total;. 57,90 194,000 - 11,100 87,000 350,000
Percent  16.5 55.4 3.2 24.9 100.0

1/ Includes homes and yards
2/ Includes fishponds, swamps, marshes, and other undefinid Land Uses
. Source : Bagsed on data from District (BAPPm) Offices and Consulunt

Staff Estimates.



TABLE C-2

PROJECT 705TS VOR BENCH TERRACING BY LOCATION
(Thousand Rupiah)

Year
Location . Total
1 2 3 4 5
District
Tasikmalaya 6,725 23,537 54,473 97,512 182,247
Ciamis 10,760 39,005 94,823 189,645 347,010 681,243
Kuningan 2,690 9,415 20,175 33,625 65,905
Cilacap 2,690 12,105 33,625 71,957 127,103 247,480
Total 13,450 60,525 161,400 336,250 605,250 1,176,875
Subbasins
Upper. Citanduy 10, 760,"37,660 87,425 154,002 289,847
Cimuntur = | 10,7601u32 zeo“*‘61,a7o 99,530 145,260 349,700
Cijolang . - 4,035 23,538 59,180 102,220 180,973
Cikawung - 2,690: 10,760 25,572 ' 57,163 102,220 200,405
Ciseel-Lower 'Citanduyf:- ' 2,690 10,760 32,952 101,548 147,950
Total . 13,450 60,525 161,400 336,250 605,250 1,176,875

Note : This is the calculation of pzojecL cosl by district and
subbasin for Tables VII-7 and VII-9. "
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NEEDS AND COST OF EROSION PROOFING :

TABLE C-3
ESTIMATED‘METERS OF CRITICAL ROADP EROSION TREATHENT

Year

e

" Location
| 1 2 3 4 5 Total

Estimated Meters Erosion Proofing Required :

Tasikmalaya 300 1,500 3,000 4,000 6,000 14,800

Ciamis - 1,500 3,000 7,000 " .10,000 12,000. 33,500

. Kuningan ' - 800 1,000 1,200 2,000 5,000
‘Cilacap 11,200 2,200 4,000 7,300 10,000 24,700

 Total " '3,000 7,50 15,000 22,500 30,000 78,000

Project Cost of Erosion Proofing (Thousand Rupiah)

' Tasikmalaya . 650 3,252 6,504 8,672 13,008 32,086
Ciamis ‘ . 3,252 6,504 15,176 21,680 26,016 72,628
Kuningan 1,734 2,168 2,602 4,336 10,840

- cilacap . . .. 2,602 - 4,770 8,672 15,826 21,580 53,550

' Total Project Cost ~~ ‘6,504 -~ 16,260 32,520 48,780 65,040 169,104

Villagé Cost of EtosionProofing "“":v('r‘hof;usa‘nd ‘Rupiah) ,

' Tasikmalaya - 325 1,626 3,252 4,336 6,504 16,043
Ciamis - - 1,626 - 3,252 7,588 10,840 13,008 36,314
Kunirgan i . 867 1,084 1,301 2,168 5,420
Cilacap 1,301 2,385 4,336 7,913 10,840 26,775
Total Village Cost 3,252 ° - 8,130 16,260 24,390 32,520 84,552
Total Cost’ . . 9,756 24,390 48,780 73,170 97,560 253,656




TABLE C—4

ESTIMATED FERTILIZER USE AND ECONOMIC COSsT
OF FERTILIZER SUBSIDY FOR PROJECT MEASURES

: _ . Year ‘
Item o = ' Total

. Fertilizer Use'(tons):“

179 32.6 51.2  73.6 182.4
67,5 180.0 375.0 675.0 1,312.5
1. 14.0 36,0  75.0 135.0 263.0

Demonstration Farm
Terracinq (Bench) '

Other Cons. Measures

Total 25,1 9.4 '248.6 501.2 883.6 . 1,757.9

-Economic Cost of Fertilizer f
Subsidy pV SR

s (Thousand Rupiah)

1,506 5,964 14,916 30,072 '53,016 105,474

1/ Based on an average fertilizer subsidy of 60 Ruplah/Kg from Table VIII-



TABLE ' C-5

REPORETATIG‘J AND GREENING DURING PELITA II
(1974/75 - 1978/79)

_Heétaiesﬁj Bﬁdget (miilion Pupiah)
Year: - — ————————— Inpres/ — -
“Reforestation -~ - Greening . Total. .  Assistance Sector Total
I.  (1974/1975) 37,103 | 52.529 89,632 - 2,377.2 2,377.2
II. (1975/1976) - 42,376 82,285 124,661 c - 4,905.0 4,905.0
III.  (1976/1977) 122,189 302,597 424,786 16,000.0 2,163.5 18,163.5
IV. (1977/1978) 203,095 632,689 835,784 24,476.6 1,824.7 26,301.3
V. (1978/1979) 288,058 689,291 977,349 36,000.0 2,000.5 '38,000.5
Total 692,821 1,759,391 2,452,212 76,476.6  13,270.9 89,747.5
Pelita II Target 1,690,000 ~ 1,750,000 3,440,000 - _ - 60,400.0

* Since the Assistance/Inpres System by Sector Budget, which is valigd, is for planning and. managing

(technical) Implementation/Support projects except Training and Educatlon rroject and Forest Inventory
and Consolidation.

Source: Laporan Kualitas Lingkungan Hidup Indonesia:1979 by Menteri Negara Pengawasan dan Lingkqngan"
~ Hidup. P. 40. Table 2.



'TABLE C-6

FOREIGN TRAINING COMPONENT

* The estimated average monthly cost include travel, per diem, study fees, etc. .

as follows :

, Cost/Year
‘Travel Costs (USA) s 2,500
Tuition ' 5,000
it Travel Per Diem, $50 x 10 - 500
-Residence Per Diem $ 600 x 12 . 7,200,
. Consultant Personnel and Out-of- L
‘_Pocket Costs : © 500

- Book and Incidentals | - 1,000

-$'16,700
$.16,700 x 10 man-years. = . '$167,000

~ or Rp. 104,375,000
- * Cost’ estimates ‘based on state intitutions in the United States, with the
’flength of. course and,type of training to be tailored to fit the qualifications
'Tand requirements of each candidate. Where possible training in upland agriculture,
.jforestry and conservation practices will be conducted at the University of the
fPhilippines or another acceptable school in a tropical country with problems
rlsimilar to Indonesia s. Estimate based on trainees attending formal courses at
‘recognized institutions. Should the ncoded courses not be available, Consultant
;will provide similar instruction at his home office or with government agencies
?and will be reimbursed for- manpower expended, subject -to prior approval by the
.Ministry of the programs and cost estimates.f
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"TABLE C=7 ,
INTERNATIONAL PRICES OF PRODUCTS

Timber

» o , Grain : _ _ L
Year Rice Corn .Sorghum Soybeans Groundnuts Copra .Tea ' Rubber Logs
($/t)  (3/t)  ($/¢t) ($/t) ($/€)  ($/t) (¢/Lb) (&/1b)  (5/M)

1960 124.7 43.4 37.7 92 197 202  64.5 38.2  32.0
1961 136.5 45.9 42.6 111 196 165  61.7 29.5 33,1
1962 152.8 51.4 45.6 100 17 164  62.4 28.6 36.4
1963 143.3 54.7 48.6 110 172 184  59.2 26.3  35.5
1964 137.7 55.8 48.2 110 187 124 60.1 25,3 30.3
1965 136.3 55.0 47.2 117 206 227  58.6 25.7 35.0
1966 163.2 59.4 51.7 126 190 185  57.0 23.6 36.8
1967 205.8 49.9 50.4 112 150 204  57.5 19.9 39.3
1968 201.6 49.1 46.5 106 167 232 47.4 19.9 40.3
1969 186.9 53,9 50.1 103 207 202 44.1 26.2 38.9
1970 144.0 58.4 51.8 117 230 225  49.7 21.0 43.2
1971 129.0 58.4 55.7 126 249 189 . '47.8 18.1 43.1
1972 147.1 56.0 56.0 140 261 141 - 47.7 18.3  40.5
1973 350.0 98.0 93.0 290 393 353 48.0 35.7 68.1
1974  542.0 132.0 121,ow 277 607. 662  63.6 39.3 8l1.5
1975  363.1 119.6 1119 220 _452{ 256, . 62.8  29.9 67.5
1976  254.5 112.4  105.2 231 424. 275 69.7 39.6 92.0
=1977[~:2sa.0t-95.3,' 88.4 280 551" 402 - 121.9 41.6 90.0
Pro ected ‘

1978, 308.0 115.0 105.0 257 538 385  95.0 43.0 100.0
1979+ 357.5.140,0 125.0° 288 493 475 - 92.0 47.0 115.0
1980 405,0 '160.0 - "140.0 286 481’ 468 89.5 52.5 127.0
1981  °439.0 170.0° 150.0 339 562° 591 93.5 55.7 141.0
1982 486.0 183.0 ' 160.0 319 552 592 97.5  59.7 152.0
1985 620.0 225.0 '195.0° 476 737{ 698 111.5 71.9 210.0
1990 - 820.5 289.0 249.0 668 954 893 146.5 92.8 310.0

" Rice =~ Thal 5% broken, FOB Bangkok

Corn - US No. 2 yellow, FOB Gulf Parts

- Sorghum =~ US No. 2 Yellow grain, FOB Gulf Parts

Soybeans -~ US, CIF Rotterdam

Groundnuts - Any orogon, shelled, CIF Rotterdam

. Copra - Philippine/Indonesia, bulk, CIF N.W. European Parts

Tea =~ Average all teas London auctions

Rubber - RSSI, CIF New York

Timber Logs Philippines Lauan, 316 or more x 60 cm, imported sale price
wholesalera, delivered Tokyo.

Source : World Bank, Economic analysis and Projcctiohl Department
| c=7 |



TABLE C-~-8

CALCULATION OF THE EFFECT ON PROJECT FEASIBILITY
FROM A REDUCTION OF 20 AND 50 PERCENT IN PROJECT
BENEFITS FOR SENSITIVITY ANALYSIS ’

(Million Rupiah - 1979 Values)

20% Reduction in Benefits v 50% Reduction in Benefits Y

Y :
eax Project Project Net Project Project Net

Benefits Costs Benefits Benefits Costs Benefits

O BN AN B W N O

11-25 "3 856. 5}

0.0 1,681.9 -1,681.9 0.0 1,681.9  -1,681.9

0.0 1,732.2 ~-1,732.2 0.0« 1,732.2  -1,732.2
4285  1,543.8 ~-1,115.2 267.8  1,543.8  =1,276.0
}f}g$7.q‘ 1,524.7 ~667.7°  535.6 -1,524.7 -989.1
i285.5. 2,057.3.. -771.8.  803.4  2,057.3  -1,253.9
1,714.0° . 176.9 0 1;537.10 11,0712 ‘W, 8943
‘2,042.5 1769 1,965.6 1,331 176.9°  1,162.2
' 2,570.0° ;i:176 9 2,394.1°  1,606.9  176.9- W,l.gso'o;
£2,999.5. 9 . 2,822.6, 1,874, - 176:9; . 1,697.8.
3,428, o’ 2,425 176.9°
3,856.5 2,410.3 76,9
' 2,410, 3‘5f

N

Net Presant | ‘ ) o
value at 128 17,135.9; 7,702.1;: 9,433.8.10,709.9:

‘Benefit Cost Ratio at 12% = 2.22 B 5 C I

ihterhal{nate'éf‘Returqf—;24;6§}5 16.6%

7{Ca1cu1ated from -year. 10 thxough 25 with a linear interpolation from year
‘1 through 10. ST |
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TABLE C-9

CAI»CUIATION OF THE EFFECT ON PROJECT FEASIBILITY ‘FRCH .
AN INCREASE OF 25% IN PROJECT COSTS, AND FOR A 50% REDUCTION
IN BENEFITS WITH A 25% INCREASE IN PROJECT COSTS FOR SENSITIVITY ANALYSIS

(Million Rupiah - 1979 Values)

Project Benefits Reduced 50% and
Project Costs Increased by 25%
Project  Project Net Project Project Net
Benefits Costs Benfits Benefits Costs Benefits

Project Costs Increased 25%

~ Year

0.0 2,102.4 ' -2,102.4 0.0 2,102.4 -2,102.4
0.0 2,165.3 =-2,165.3 0.0 2,165.3 -2,165.3
535.6  '1,929.2  ~1,394.2 1267.8  1,929.8 =-1,662.0
1,0.2 1,95.9  -834.7. 535.6 1,905.9 -1,370.3
11,6069 2,571.6 -  -964.7 803.4 2,571.6 ~-1,768.2
‘2,142,522 921.4 1,07.2 2211 850.1
2,680 22 1,391 2211 1,118.0
3,213, 1,606.9 1,385.8
3, 749 .4 j1 974 .7 2211 1,653.6
14,2850 2,242.5" “22101 1,921
4,820.6 2,410.3 2211 2,189.2
11-25, 4, ezo & 2, 410 3fﬁ’£?”"”wi'j’2,189,2

e
Q.

Total _--96;412'-9;1 f..l'soé‘i.‘s-"’:1.'..?:18,11;0?3;9.;._.-.‘;fif{f’i'.:'}tr48‘%,29!5.-‘“01"'.';&1';5,?1?‘1?.,'-4-,..3,2.887-9

Net Present , , ) o ,
Value'at 12v 21,419.7°-/9,627.6:7111,792: 1'% ¥710,709:9 " 9,627.6: " 1,082.3
‘Benefit Cost Ratio at 12w =.2,22° ©1:11

_Internal’Rate of Return ='24%6° 13.3

¥ C-9 ::_“
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TABLE (C-10

ESTIMATED POREIGN EXCHANGE COSTS OF PROJECT COMPONENTS

Year

Total

National Level
Administration 20,000
Research Exp. Station 27,000

20,000
33,600

10,000
7,000

10,000
11,400

10,000
7,000

70,000
86,000

Subtotal 47,000
Provincial Level 48,750

_kabupaten,Le§e;jf 34,650

Conservation Works 27,834 .

Infrastructure Improve-

ment 17,200 .-

,Reforestation and

TGreening el 93,200 -

‘Fertilizer Subsidy

- Consultants -(908) - 60,100

 Foreign, Training 50

53,600

55,350

38,250
730,435 /%
25,000

86,700+

' 182,070 ¢

. 41,750 ;-

17,000

10,875

61,875

58,404 °

25,000

156,060 .

44,800

}20,375]

21,400
10,875

39,600

94,514

25,000

104,040

17,000
. 10,500

26,550

132,913

25,000

78.030:

156,000
136,350
200,925

344,100
177,200°

‘2245700

780. 300 -

104,375

" Total Poreign - 570.484

513 155

394,889 '

295 429

289,993

il 111 375 1 219,055 1 148,871 1 229,334 1,767,349

Total fl.sal,ass 1.732,210 1,543,760 1,524,763 2,057,342

s Poreign Bxchangs  33.9.

125.6

19.4

14.1

2,063,950

6,475,984

8,539,934
24.2

cao
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Appendix D

PROTECTION OF CULTIVATED SLOPES

Introduction

The cultivation of any land in the humid areas of the wﬁrld will
cause the erosion and degradation of the soils. The steeper the land
form the higher the potential rate of erosion. Various forms of protec-
tion may be used to reduce erosion rates. Erosion not only results in
the deterioration of the productivity of the land but, also, the aggrava-

tion of silting and flood damage in the downstream areas.

The problems of erosion from cultivated lands are further compbunded
by the fact that the cultivators are mostly poor farmers operating very
small parcels or tracts, generally less than 1 ha in gize, and often on
areas of only 0.l ha. The tracts are usually operated as individual
units and not in conjunction or in cooperation with adjacent tracts. The
‘social dilemma is alvays there. The resettlement or relocation of people
from the land is a very difficult process even when they are 1llegally
squatting and/or when it is economically or socially acceptable to do so.
The coiiiitry’s land and water resources are under constant threat by the

ciltivation of its steeper lands.

In general; the lowland areas have been leveled and divided into a
tiiltitide of semall rice filelds ranging from 0.05 to 0.5 ha in size.
Erosion on flat ateas is minimal because water is trapped in the paddies
. and runoff rate 18 reduced by time, i.e., although under normal monsoon
conditions little rainfall is actually stored in the paddies, the time it
takes to move the excess rainfall through them is sufficiently long so as
to reduce suspended sediment movement to a minimum. The elevation and
slopes on which irrigated paddies are constructed is generally limited by
the source of water, soil types and soil stability under saturated
conditions. Failure of flooded paddies on steeper slopes generally
results in increased sediment loads in the drains and natural vatetvaycﬂ
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Where hillside slopes are still relatively flat (<8%), the ground is
either leveled for rainfed rice production or planted on the slope to a
wide variety of diversified crops. Diversified crops are produced on an
interplanted basis although, occasionally, pure stand plantings do occur.
The farmer hesitates to place his faith in an upland crop monoculture.
Slopes up to 15-20 percent are planted to diversified crops with the rows
planted perpendicular to the contour, i.e., up and downhill. 1In the
typical shifting cultivation areas, slopes as steep as 100% or better are
planted with rows going up and downhill and/or with a completely dis-
turbed soil surface. This condition can provide tremendous rates of
erosion that have, on occasions, exceeded 20 cm in 6 days, which trans-
lates to an 6 day erosion rate of roughly 290,000 tons/km2
(1.45 g/cm3 x 0.2 m x 1,000,000 m?). Fortunately, this type of c¢rosion rate
occurs only on small shifting cultivated areas during relatively rare
highly intense fainfall events. This erosion rate serves to point out
how detrimental/dangerous upland farming can be to a watershed when a

conservation program is not utilized or enforced.

Upland farming differs from shifting cultivation in that the farmer
uses the same plot of ground year after year. The 8lopes used by upland
farmers are usually less than 50%, but there are occasionally areas found
with slopes greater than 50%. Population pressures and topography force
the cultivation of the steeper slopes. Few conservation techniques are

used on upland farms.

Upland Farm Conservation Planning

‘Upland farm conservation programs involve the use of all technolo-
_‘g:le's“ to prevent the loss of soil particles from a watershed, and to
-Ancrease production of agricultural crops. It s an integrated program
developed for a farm or area alresdy under cultivation, or is scheduled
to be cultivated by a group =f farmers, and incorporates iand cepability,
water management, soil improvements, crops, and erosion control features

to achieve this goal.
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General

One of the major objectives of conservation farm planhing is to'help
the farmers to understand what the erosion and water problems are on
their farms, and how they can correct these problems and still use the
land in accordance with its capabilities. Land use and land capability
maps are used by the technicians_in assisting the farmer to decide how to
best utilize his land and what conservation practices will be required.

Experience has proven that it is necessary to eiplain to the farmer
how he can continue to farm his land and still correct the noil and water
problems. A locally adapted plan for each conservation unit or gub~
watershed is required to illustrate to the farmer how his land should be
managed, and how it fits into a large unit area.

In qhe Citanduy and other watersheds, the two most.frequent kinds
of land misuse are bﬁtning and cultivation of steep slopes. The steeper
the‘valope. the greater the land damage from cultivation. The steep
8slopes  that are being cultivated today are already badly damaged and
gullied. Many of these gullies started as small inlets on the banks of
natural whterways and have now eroded uphill to great depths. They grow
deéper‘hahthey advance up to the slope. This branching continues until a

network of gullies (current condition) covers the watersheds.

X The . first step in controlling erosion in a watershed is to plan
”ﬁfgrms 80 as to make the best possible use of the lande This includes
’ making an inventory of the steep and eroded lands which could be properly
ferraced, and,cbnvetting slopes steeper than 35 to 40 percent to perma-
fient cover. Only moderately sloping land should be used for cultivated
crops. ‘Waterways or natural depressions should be planted to close-
growing perennial vegetation. Recommended species of trees, fruit trees,

legumes and grasses are known.
The best known methods of controlling or preventing erosion are

vegetative controls such as mixture of grass and legumes, and the combi-
nation of vegetation and engineering controls. The use of engineering
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controia such as terracing, contour cdltivatidn, contour strip-cropping,
graded waterways, drop structures and check dams should always be used in
combination with good and proper vegetative practices.

The cost of controlling steep, gullied land, and the protection
required, should be considered in relation to the use that can be made of
the land according to the farmer’s needs and his willingness to apply
conservation practices. In many cases, his needs are not compatible with
the land capability, and where his needs and the land capability are
compatible, the required resources are beyond the farmer’s economic
ability. It is also possible, under certain conditions or constraints,
that the required measures for conservation farming are not economically
viable. Tais then requires a decision by Government as to whether
subsidization is feasible, or desirable, in order to stabilize the
agricultural activity, and attempt to control erosion and deterioration
of the land.

_ It.isvemphasized that the farmer must be trained and educated to
assume the responsibility to install and follow a conservation plan. It
‘18 essential that he underatands that it 18 his responsibility to prevent
fires, to maintain tertaces. waterways. drops, etc., and to repair any
damage that occurs. Where. farmers do not understand their responsibili-
ties, or are not willing to cooperate, conservation practices become
damaged to the point that they are no longer effective. Government may
be willing to initiate conservation farming ptacticea. but if the farmers
‘are not. willing to cooperate, then all efforts become futile.

..Some of the necessary steps 1in preparing a conservation farm plan
‘fot a sub-vatershed or unit of farms ares

A

;;§g¢5 Thé technician should point out the ability of the soil to
',produce crops, what the erosion problems are, and practices that
‘must be followed to properly manage the soil and water.
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2. The technician should explain what is meant by land capabili-
ty, and why it 18 necessary to mhkg changes in land and soil minage-

ment.

3. A aub-watefahed or conservation unit map should be prepared
showing land ownership, boundaries of each farm lot, topography, and
land capability. A companion plan is prepared ahowing how to control
erosion; changes necessary to manage water; changes in cropping
systems; engineering structures required; what Government will do or
supply; and, finally, what will be expected of each land owner or

land operator upon implementation.

. fo . . A.map and instructions on how the plan will be accomplished
- ghould.be prepared, and each land owner/operator in the unit given a

=xéopy.ggThis plan should show what will be done on each field, when

l{itxﬁill.be dbne, crops to be grown, trees and shrubs to be planted;
.~and..locations, designs, etc., of structures, terraces, and other

o engihééting measures needed to meet the conservation objectives.

ﬁater Hahégemeni

H@ter management is an 1ndispensab1e part of modern upland agricul-
ture. - In water management,'thé ultimate target of any knowledge transfsr
must: be the farmers; for itfié on farm land where production resources
including water, climate, aoil;férops, fertilizer and management are all
integrated into an upland - agricultural system. The transition from
traditional upland'farﬁinglto conservation upland farming will be diffi~
cult and costly, however, it is absolutely necessary 1{f land degredéhicn,
run&ff and erosion are to be controlled. Part of this expensive process
will be the preparation of farm land to receive and store rainfall
without soil erosion which may include: 1land levelling, contour farming,
couservation terraces, bench terraces, diversion channels and waterways
to dispose of the runoff. Improvement of the entire physical system is a
necessary requisite to a soil and water conservation management program.


http:should,.be

The ‘ultimate objective of an upland agricultural water management
program is to convince the upland farmer he has a major problem,: and that
the program will assist him in solving this problem and increase his
profits. To obtain this objective, it will be necessary to train farm
advisors, technicians and administrators. The farmer can be provided
with necessary technical advice, seed, fertilizer, and management proce-
dures but unless he understands, and can see a profit from his efforts,it
will be difficult to get him to alter his traditional methods. Capital
is scarce, and 1labor relatively abundant, therefore, the foeus of the
conservation farming and watershed program must be on adaptability of
technology to conditions that the farmer understands and can achieve.

Afparticular aduantage of a modern upland water management program
is that it has a considérable amount of management built into it, and the
farmer is'automatieally led to the correct decision(s) in the &pplication
of sdilgand»eqnservation measuress A farmer will make fewer mistakes
with a well planned system than a farmer who does not have the technical
and management“inputs regarding water management. Continued focus on
, improved water management must become a new way of life for the upland
farmer if he 1is to continue using the shallow upper watershed soils.

The design and construction of mechanical structures in the farmer’ ai
water conservation program presents a: number of administrative problems.
Basically. it ‘will be necessary to include in the conservation farm plan
all the elements - of the different programs. The conservation farm
i.planner must be: acquainted with all extension service programs, refores-—
. tation programs, agro-forestry programs, agricultural and conservation
':programs in order to build this help into & coordinated financial plan

. for the farmers. got A _T"~j?a'”‘

s

. Crops -
‘Terracing or any other type of mechanical practice, by itself,

generally will not increase crop yields. Because of the depleted condi-
‘tion of the soils, the use of commercial fertilizers and green manures
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will be required. Crop rotation(s) adaptable to the locality will have
to be developed. In addition to the traditional crops such as sweet
potato, cassava, upland rice, corn and peanuts, it would be advisable to
include some of the other dry season crops that are more drought resis-

tent. such as sorghum, beans or other pulses.

r~Root crops should not be planted on the 1lip of the terraces, as. this
will danage the rerrace 1ip when the crop 1s harvested. The riser, which
Ainciudes the forward edge of the 1lip, should be planted to a grass and
-legune mixture. This can be used for cut and carry forage for the work

; animals.

“ Crop* rotations will have to be planned with the farmer after taking
,into consideration the aoil conditions, net arable land, steepness of the
land, and the needa of the family. The farmer should understand why it
ia neceeeary fo retire some land to grass and trees, and why it 1is
' necesaary to uee conaervation measures to conserve soil and improve 1its
fertility, atrueture enq moiature»holding capacity.

‘W'Intercropping’enbuld”be given preference over sequential monoculture
planting, ‘as;'ir?Quenally insures greater economic returns and better
income stability for the farmer by protecting him against the risk of a
total crop failure and wide price fluctuations of one or more crops each
year. - Intercropping provides almost the same benefits as a legume crop
inserted in the rotation, with regards to ite effects on the soil. This
is especlally true 1i1f a legume is involved in the combination; even
’ thOUgh‘the legumes may -be remdved for fodder, the entire root system
'1nc1ud1ng the nodules remain in the aoil to decay and supply nutrients to .

,aubsequent Crops.

Pertilizer and Lime -
Because mixing of thin surface soil with subsoils during terrace

o conetruction. as well as t%z inherent low soll fertility level of upland

" soils, 1t will be necessary to apply relatively heavy rates of fertilizer:

D=7



and lingxto obtain even low yields. Fertilizer and 1liming trials will
have to be established to determine the rates of’applica;ion necessary
for various levels;of production in a series of representative upland
solls. Data 18 presently unavailable at the farm level, for fertilizer

inputs on upland soils for specific crops.

These two inputs could be provided by Government at a subsidized
price for a predetermined number of years as an incentive for the farmers

to participate in a conservation program.

Rates of application will probably change after experimental data
are available, however, it 1is expected that the farmers will recognize
the benefits of fertilizer and 1lime, particularly if they are crop and
soil specific.

IXgésiofAMéchaniéal?Protéction1:

Hechanical protection is modification of the land surface to reduce
} 'erosion rates.: The baaic componenta ares 1) the prevention of overland
*ﬂflow from reaching cultivated land by conatructing a diversion channel
(storm water ‘drain); . 2) conveying excess. vater to a drain without soil
'erosion, .and 3) the removal of excess water from the cultivated area and
fconvoying..it to.;.a.;naturall,,wat:erway without soil erosion. The basic

aoonpongntq~are»presenred,1norigure D-1.

There are five typea of mechanical -protection .that can be uaed to.

3prevent or reduce erosion.

1. Level bastns.

;25 Contour planttng.

53; Contour strip cropping.
éﬁ; Conservation terraces.
55; Bench terraces. -
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The first two types are considered hechanical protection because they
still meet the definition, even though actual physical construction 1is

minimal.

There are many variations of these five methods that can be used,
. depending on the slope of the land and'cropo to be grown. In general,
slopes of 3% or less can be farmed with the rows perpendicular to the
contours This will allow adequate drainage without appreciable erosion

even on the more erosion prone soils.

Contour farming can be used on slopes between 3% and 15%. For slopes
above 7%, the use of conservation terraces in conjunction with contour
farming is recommended where downslope spacing 1is adequate. It 1is also
recommended that mulching be used with crops on slopes greater than 10%.
Bench terraces should be utilized on all slopes above 15%. Terracing on
slopes above 50X tends to be impractical due to narrow widths, limited
amount of arable land on a per hectare basis, and the high cost of
establishing terraces on steep slopes. Also, terraced slopes may become
unstable on s10pe§'exceed1ng 50Z to 552. The engineering soils data for
thedsoile;hfe nbt?avaiiable.:however. rapid and simple field and labora-

tory tésEencap{béghade;';
Agglicationfof»Heéhhnical*?rotééfion}

. The ‘principles involved in soil erosion control are as follows:

' 1;-vZ Reduce the velocity of the runoff. Llong slopes encourage

“ruﬂoff to increase its eroding capacity. Therefore, practices that

‘fféduée cross slope runoff will reduce erosion.

7 2¢ - Maintain high infiltration rates. Soil structure can be

“improved by management although soil texture cannot. Proper cultiva-
tion practices and utilization of soil residue will promote in-

creased infiltration rater and reduce runoff.
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-3 Reduce the force of raindrops. The interception of:roindrops

by crops reduces the encrgy of the raindrops prior to their reaching

the ground. Therefore, crop cover 1is important in reducing erosion.

The length of farm fields or rows should bc limited to 40-50 m on
slopes in the range of 2-5Z. On slopes of less than 2%, the length of
row is not iimited by the erosive nature of the runoff but by the capac-
ity of furrows between rows to remove excess water into the field drains.
For practical reasons, fields should be limited to 300 m or less on flat
slopes. In most cases, this will not be a problem because nearly all
flat areas will be planted to flooded rice and/or ownership will limit
field size. 1In hilly areas fields in excess of 50 m in length on a grade
of Sz, more or less, are not common if the area is already under cultiva-

tion.

Contour cropping ahould ‘be’ practiced ‘on. all .slopes greater than 3%.
As indicated above. slopea of 5% or less could be farmed without regard
to ﬁlope diraction :lf TOW longth is- limited to 40.m- or less. It is
'recommended that contour cropping be established as a general practice on-
all land with alopes ‘greater than 32, and to 1limit row gradients on
contour plantings - to about lz‘to allow for adequate drainage and atill
reduce runoff velocities. The contour gradient can be varied to improve
field and row alignments. Because of local conditions, it is recommended
that contour rows be limited to 125 m in length. Assuming a flip-flop
~drain system, a field length of 250 m could be usede Contour farming
can be accomplished on olopoo up to 152 provided the downslope distances

_~do not excecd.30vm.:

Cohéoor 'atrip cropping ' 1s - recommended on slopes of 8 to 15%.
.Contour sttip cropping is the alternate planting of row crops and strips
of’ crops with a. clcae-growing habit. Thus, 1f water breaks through a
series of rows it is spread out in the close-growing crop and sediments
are droppeds In the Philippines, the Bureau of Soils gave the follovinﬁ

recommendations with respect to strip widths:
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Slope Strip Width-Mcasured

(Percent) ‘Down the Slope (m)
0-5 40-50
5.8 36-45
8-10.5 32-40
10.5-13.5 28-35
13.5-16.5 24-30
16.5-19.0 20-25
19.0-22.0 16-20
22,0-25.0 12-15
25 12

Although the Philippine Bureau of Soils allows contour strip crcpping on
E'alopea between 152 and 25%, it 18 believed that conservation terraces
”would be a better erosion control practice. However, the strip cropp:!ng
ia preferable to present practices. The growing of commercially viahle
‘ close-growing cropa is limited as it 1s not expected that this practice
, will be widely adopted by upland farmers. Conservation terraciag does

require aome conatruction work.

Conservation terracing is an alternative to contour strip cropping.
The conaervation terracing and drainage ditch may replace the strip of
cloae growing cropa.v The terrace is built on a grade of 1%Z. The advant-
'age 18 that less area per hectare is removed from the production of row
crops. Only the slopes of the terrace riser and the waterway are pro-
tected by graae or grass/legume mixture. It 1is recommended that the
| upper limit of land slope for conservation terracing not exceed 15%,
a1though ia is possible to construct them on steep slopes of up to 25%.
' The crop area between terraces follows the same recommendation as contour

"atrip cropping.

Conventional bench terracing, either 1level or graded, must be
constructed on all aiopea exceeding 15X except under very limited circum-
stances. The details of terrace design and construction are the subject

of the following sections.
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The grades for contour farmiﬁg are laid out the same as thbse for
terracés.- The grades will have to be laid out for the farmers as they do
. not have the necessary equipment to do so. Once lald out, the farmer
should bé able to plow and carry on all other farming operations on.the

necessary grade.

Waterways and other drainage facilities will be the same as those

conatructed for bench terraces.

Conservation Program
i

A conservation progrhm/plan must be established for each farm or
cultivated area where the ownerships are small and intermixed. Vhere
small plots are encountered it will be extremely important for extension
personnel to obtaln group participation. This will not be difficult to
do provided the extension agent goes into the field to talk to the
farmers, individually and as a group. Most farmers (cultivators) are v
accustomed to trading work and working together, therefore the conserva-
tion program can be made part of this group interaction. Extreme care
must be made to be sure that ownership boundaries, paths and roads are
observed, and not disturbed unless absolutely neceasary. In this re-
spect; it 1is . also possible to use the waterways for access, in which
case, theyAwill have to be paved and protected with an increased number

qf-at:ncturesc

_ | The congservation program must explain in detail what the farmers
(cultlvators) must do to maintain the specific type of recommended
: mechanical protection, the crop rotation, crop inputs, weed and insect
control, expected yields for a period of five ycars, etc. The extension
- worker must continually monitor this program and assist the farmer(s) iun
making any necessary adjustment. The initial program cannot be ljff'
without continuous monitoring and updating as the program progressas. A
lack of monitoring will almost gmarantee failure. Not enough daca is

available to make precise soil fertility recommendations.
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If Governmént dacides tdprovidc an incentive p’r‘c:og‘i"“lib"!‘or impliment-
ing a conservatilon program, the amount of the vaeniﬁ'nt'c. contribution
nust be deturlinzd and fully explaincd to the Fdr-nrs- Allo. the iarmers
ceutribution wuise be explaired and fully uudctztoov lncluding what

controls the Government will require to . ‘e that tha moxk 48 accomplished
to specifications before allowing pavaent. 1If the Covarnsent dacides to
ds the work icsel¥, then the timing of the work and the azount of work to
be done must be agreed to by both partics so that no questioa nxists in
the reripient’s mind. The follow-up by the extensica workers in the
- field 1ia necesxary. Without thius coniinuous follow-up, interest, and
cajolling (social engineering) the progig- will not attain the desired

agricultural and sociological achievement.w.

Su‘ggeationa for Iuplenamentation

To 1ﬁitiate and impiement a goil-watar-plant ccusérvation program in

" a (c‘a'téts‘hed, the follrwing auggéatiopa are ofZersd:

1. Initiate the program in a1 area wﬁera there is a definite
‘ need; the probiems are real and the farmers and the people of the

‘-, community are in need of help.

.‘:2; Meet with the ieadera, farmers, comaunity and local Govern-
ment. Involvemant and wwareiess are the key items. Discuss the
conditions and problems they thilnk are responsible for their erosion
problems. 0o some checking in the comminity and Sind sume recal
active citizens who are concerned about the peoplc and the dwindling
resources of the area. These people ara there; taks the problems to

the people.

- 3 Have ihe leaders’ 'iirzic with project u@nag‘-@glént in the field
i ani let tham point out _aﬁd locate tho problems as they see them:
Daring this visit tzke inventory of c‘mdittonc. avatlable resources,
- and .tlie problexs of the araa. Blva: the ludcu discuns their 1deas
ot posaible solutions for ‘eroslon conttol aud hov the -ol.utionn
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should be approached.

& The technical staff should then study and identify the prob-
lems &nd possible solutions based on research and local technical
knowledge, if available, or by proven, aduted ard successful
international techniques. Be sure to give consideéation to the
specific problems the leaders think are reabonsible for their

erosion troubles.

5. After completion of the above staff studies, meet with the
citizen group and analyze and apprise them of the situation, based
upon your findings and their imputs. Have available technical
materials maps, inventory of prublems and alternate solutions that
are technically sound. Develop a program of action with the commun-
ity (desa or village), with the citizens taking an active part in
the decision making.

6: When the leaders are fully aware and understand that there are
#olutions to most of the pcoblems, manage the discussion so that
ﬁﬁéi féqiest assistance for an upland conservation farming program.

7s At the inceptivn of the proposed conservation activities have
doiie type of publicity in process to keep the people informed on
- uliat 18 tedig dones Support will be required from the entire
comainity if a successful project 1s desired, as a small group of
" disgidents can cduse the project to be a failure.

8 Fot a soil-water-plant conservation program, let the village
" paople choose 3 to 5 ha watersheds for model demonstration farms.

Ldiger areas are more costly, harder and unwieldy to implement and
manage and, thus, have less chance of being successful. Two or three

demonstration farms in the most needed areas are adequate.
9. Develop with the village leaders and the land owners, within

the boundary of the model demonstration farms, a complete firi’plln
(soil conservation and extension service approach).
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10. A little Government assistance is required at this point in
conservation planning. Government will have to decide as to whether
they want to subsidize this activity. Cost sharing for the demon-
stration farms 1s suggested as this gives a good feeling of commun-
ity development; the people feel that they can take care of thkair
own problems ond are not getting charity. Government assietance-

should be an incentive to farmer groups to participate.

11. For upland bench terracing, farmers must cooperate and partice-
ipate as a group so that common outlets for terraces, diversion
Aitches, gulley control, etce, can be designed in a practical and
economically feasible manner with a minimum of future maintenance

problems.

12, At the time the plan is being developed, stress the "complete
package" approach. That is, high yielding varieties, fertilizer and
‘yliﬁe usage, improved cultural practices, minimur. and timely tillage,
qubble mulching, green manuring, weed control and plant protection
‘meadures. All these practices will have to be employed on heavy or

' clayey soils to prevent oxygen stress.

13, A Government agency should be assigned or created to specifi=-
cally assist the farmers in applying soll-~water-plant conservation

practices to each miniature watershed.

14 Awateneas and involvement by the community, particularly the
“farmets, ia tequited if auccessful implementation of soil-water-
vplant conservation ptactices are desired. Public cooperatiou and
Ainvolvement are necessary for ptojects of this type. Taking the
ptoblems to the people and their participation in solving the
ptoblems make them a part of the project, thereby eliminating many

of the potential reasons for failure.
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Terracing
General

A terrace is defined as an earth embankment,. or gidge. and channel
constructed across the slope at a suitable location to intercept surface

runoff.

Terraces are constructed to reduce erosion by shortening the length
of slope and conducting the runoff water on a non-erosive grade to a
stable outlet and, hence, down a stéble waterway to a natural channel.
They are used to conserve moisture, reduce floods by means of trapping
the water on the terrace, or by increasing the time of concentration with

graded terraces.

Terracing 1s one of the best mechanical erosion control practices.
To be acceptable to farmers, terraces must have the desirable shape and
alignﬁenta to fit local practices. The use of modern equipment with
eiﬁher.dﬁimél'dt'internal combustion engine power will reduce the slope
on which terraces can be utilized by requiring wider terraces of more
uniform width. |

There are two baaic types of terrace systems: level and gradient.
Level terraces are not recommended in the humid tropics except where used
for rice fields. GCradient terraces come in two forms: bench terraces
and conservation tertacea- Bench terraces require movement of a consi-
derable amount of earth through cut and fill operations with the end
result looking 1ike a series of stair steps. Conservation terraces only
movelﬁnough earth to construct a ridge and shallow drainage channel on
grade acroas the land slope; crops are still planted on undisturbed soil
parallel to the terrace.‘
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Function of Terraces in a Conservation Program

Terraces that are properly located, constructed and maintained
reduce runoff and soil losses, and prevent the forming of rills and
gullies. They assist in reclaiming badly gullied fields by intercepting
the runoff before it becomes rconcentrated and attains an eroding veloc-
ity. To be effective, they must be used in combination with the other
practices such as stubble mulching, contour planting, and contour strip

cropping.

Terraces are of value on practically all soils except those that are
too stony, sandy or shallow to permit practical and economic construction
and maintenance. They are normally used only for cultivated land, but
there are occasions on badly eroded lands where terraces can be used to
establish grass. Frequently, the less productive soils are not terraced
until the soil has become so badly eroded that construction is costly,
maintenance is excessive and farming operations are difficult. Terraces
pay the smallest returns when used to reclaim lands that are already
badly eroded and gullied.

The depth of soil (thie does not 1nc1ude the depth of decomposed
parent materials) is one of the chief factors that determine the practic-
ability of terraces. 1If a true soil 1is not available, terraces shvuld

not be constructed.

The steepness of ‘the land is another major factor that determines
the practicability of terraces. As the slop: of the land increases, soil
loss from erosion increases. . However, the :ost of construction. coat of
maintenance and difficulty of farming terraces all increase with the
steeper ‘slopes to the point where these factors may eventually far
outweigh the benefits derived, even when all farming is accomplished by
hand methods. When this point 18 reached, terracing is not advisable.
The steepest slope on which terracing is practical is not determined by
formula but by economics, industry of the operator and the accompanying
conservation practices applied. Terraces are heing employed on slopes as

steep as 50% on some soils, and using 100% hand labor farm technology.
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It is difficult to lay out a:far-able terrace system on very irreg-
ular slopes. Curves are very nhafp and cuts and fills become excessive
which 1increecses the construction costs. Terraces with the effective
farmable area of less than about 1.5 m in width should not be consider.d
even for hand methods of cult:ivat:ion; and the width should be increased
to a minimm of 2.0 m for animal powered and 2.5 for two wheel traétor
powered land preparation. Most soils in this type of topography are too
shallow to permit deep cuts. Hence, spacing between terraces will vary

and result in many point rows.

Planning Techniques

A major requirement of a good terrace system for diversified crops
is that the terraces mist have the best possible alignment and, whenever
possible, be parallel. With a parallel terrace system, each terrace 1is
planned as part of a total systems A parallel terrace system can have
correction areas, provided they occur between sets of parallel terraces

and are carefully located. S

| " “A”nimber of techniques ‘can’ be ‘used:to improve farmability and- to
‘assist in paralleling terraces.  These ‘arer "+

1. Choice of outlets. OGrass waterways will be used to convey
excess water away from terrace outlets in a majority of cases. The

" outlet from the terrace to the drain may be grassed or protected by
" gtone or rock 1lininge Terrace drain channels are normally clean,
compacted soils In some cases, a more complicated outlet structure
‘'may be required so that mortared rock, brick, concrete or other
' permanent materials will be usede In a few cases, an underground

pipe could be used for the outlet.

2. . Choice of terrace cross section. The cross section may be.

either horizontal or reversed sloped although the latter is a".'ays

. i

" preferreds The slope of the risers can be changed although soil
conditions may limit the slope. The gradient may also b. adjusted.
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. somevhat, particularly on. the upper end of the terrace vhere it can -

be steepened.

3. Design techniques. The cut and fill method may be used in

some areas. In other areas, parallel layout may be achieved by

varying the grade, using grass turning strips or other techniques.

All of these techniques should be considered in the layout of any

terrace system. A well planned system requires thoughtful and detailed

planning.

Objectives

There are several general objectives to be kept in mind in terrace
planning. These are erosion control, farmability, topography improve-
ment, moisture conservation, drainage, protected watefways, observe

ownership boundaries, access, riser protection and soil conservation.

Erosion control 1is the primary objective in terracing. The design
should consider the allowable soil loés, the most intensive use expected
for the land, and the expected level of management in planning terraces.
The drains must be adequate to handle the expected 10-year rainfall
without erosion. This means the terraces must generally fit the contour,
and "deviations from the pelecfed grade must be held to a minimum. The
risers must be protected from erosion by vegetative cover and the slope
stabilized against slumpirg.

Fhrmability is a second important objective. Terraces must be as
farmable as poasible in order to have them accepted and maintained. A
terrace system with good farmabilty wills

1. Have the best possibl: ,?::ument and be parallel whenever

possible. This will reduci :-7at rows, save time in plowing,
planting and harvesting, and reduce crop damage.
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"2+ Be spaced to fit the equipment in the area, including animal

and two-wheeled tractors..

3. Have the widest possible nlanting surface, which 1s commensur~
ate with available soil depths and riser stability.

4. Have an adequate, workable cross section.

5. Provide adequate access to the terraced area with roads and

: pathﬁs

6. After censtruction, have an adequate remaining soil depth to
provide a good growing medium, not just ~soil-sized subsoil or

decomposed rock particles.

‘Topography can be improved 'when - terraces are 1laid out fairly
~ straight, and taking them directly“”ecrdss minor gullies and drains.
Subsequent ferming will help eliminete ‘minor- irregularities in grade;

.this must be done in such a way eo as to retain the reverse slope.

~ Types of Terrace Systems

There are two general types of terrece systema, based on the dispos-‘}
al of runoff- One is the greded terrace system and the other is the
'level terrace' system. B 'lhe 1eve1 terrece system is not used in humid
'erees except for the construction of flooded rice peddiee- Level ter- .
'races (peddies) are not recommended on slopes above 30% unless stability
studies are conducted using the ‘engineering soil properties of the
specifie 'soils where they are to be constructed. Paddies built on slopes
greater than 302 tend to be pleguediuith too rany failures and drainage
problems. Part of the failure process 1is caused by using vertical or
nearly vertical risers without surface protection such as grass. Divers-
ified crops require the use of a gradient system, as excess moisture must

be remeved.
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There are two general types of terrace systems that are constructed
on a gradient: conservation terraces and bench terraces. Conservation
terraces are the construction of a series of low ridges and waterways
perpendicular to the slope wherein the crop land remains, more or less,
on the original ground slope, but is cultivated on the same grade (con-
tour) as the ridges. Bench terraces are constructed by cut and £fill,
leaving a nearly horizontal bench and a steep riser so that the system
looks like stair steps. There are three cross sections used with graded
bench terraces: horizontal, forward slope, and reverse slope. These are
presented in Figure D-2. Only the reverse slope terraces tend to ap-
proach the horizontal terraces with time and settlement. The forward

slope terrace should never be used in humid climates even when an outer

lip is useds Horizontal slope terraces tend to become forward sloping

ﬁith;timejand settlement and, thus, prone to excessive erosion under

‘heavy rainfall.

In" humid areas, except for flooded 'rice production, only a graded
system with: conservation _terraces. or: reverse slope bench terraces are
recommended.: With small ownerahips, the,bench terrace is more practical,

and ‘will’ provide better eroaion control- It ‘s often very difficult to
convince local farmers to plant on the contour, as required for conserva-

tion terraces.

All terraces constructed in hunid areas ‘must have an outlet of
suitable capacity that can be protected by well maintained vegetative
cover ‘and,’ when necessary, by structuress Even level benches with rice
fields must have a' drainage system to remove excess rainfall after pre-
. selected'depths are reached. Graded terraces must remove water relatively
v-rapidly to reduce the accumulation of excess soil moisture, particularly
';on'the steeper and potentially less stable slopes. Gullies developing at
an outlet can extend up the terrace channel causing failure of the entire

; system.'
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Design Criteria

Bench Terraces

The design criteria for bench terraces are given below and the
‘necessary equations and definition of terms  are presented in
Figure D-3. '

Vertical Interval

The vertical interval (VI) is the most important dimension

-in terrace construction. Except 1in deep soils, the vertical
interval 1is determined by the depth of soil available on the
hillside. In non-mechanized agriculture, where the width of
terraces 1is not so important, a uniform riser height 1s more
-practical for construction purposes than a fixed terrsce width.
If shallow soils are encountered where deep cuts (steep slopes)
are required._then a8 construction technique 1s required that
' allows -the stripping of the surface soil from one arey to be
placed on top of the finished bench on the adjacent area. This
technique increases the conmstruction cost but does allow their

construction. -

- The vertical :interval (VI) 1is the elevation difference
:betHQQﬁatwogaupcgedigg tét:gqea.;flt;is used as a guide in
gegu;ng terraces. mg;’.‘pracuca_l‘»-l_u'iit for VI 1s 1.8 to 2.0 m.

Horizontal Interval
The horizontal interval (HI) or width of the terrace is .
‘the next most important dimension and, under certain circum-

stances, it may govern the design of the terraces. A minimunm .
effective crop width of terrace (We) , where all hand labor is
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used, 1s 1.5 m. Where animal power or two-wheel tractors are
used for land prepdration, the minimum v{?th must be increased
to 2.0 m and 2.5 m, respectively, unless planting equipment is
used. For orchards, a minimum width of 1.8 m is adequate.
Where multi-row mechanical planters are used, the width of the
terrace must be in multiples of the planter wic:h and; hence,

this width will govern terrace deaign.

Machine built terraces require a minimun width of 3.5 m.
This will limit the maximum slope on which terraces can be
constructed to 35%.

To assure farmer acceptance, the cropping pattern, row
.. widths, tools, soil depth, as well as other interests he may
have should be considered. Without the farmer’s interest,
terrace maintenance will be difficult.

- Wide bench terraces will not be too costly, but the high
~costs of constructing deep cuts, high tisern and extra soil
movement, may make them undesirable.

\Length‘

Ihefiéngth of a terrace 1s limited by the size and shape
uof~“thevif#e1d; topography, the degree of dissection and the
:‘pétmeability and erodibility of the soil. The location of
;bwﬁérship boundaries, roads, paths, etc., may influence length.
‘Longer terraces will increase operation efficiency, especially
~for mechanized operations (which includes animal power) as well

. a8 reduce construction costs. However, too great a length in

., one direction may cause accelerated runoff and erosion. Based

399 current experience, 4 maximum of 100 m in one direction 1ia
recommended in humid areas.
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Grade

‘The grede of a terrace must be cont:oiled and maintained.
The minimum grade should not be less than 0.5% with a prefer-
able channel grade of 1.0%, in order to get rid of excess
rainfail. The grades on the reach furthest away from the
outlet may be slightly steepened in order to maintain parallel

terraces and facilitate designs.

\

A reverse grade of 5% is also required on bench terraces
in order to keep the runoff 1n the cut area (terrace channel)
rather than on the loose £111 area, which is susceptible. to
8liding.

- During initial construction,‘ the  fill area should be

conatructed to a height at the 1lip which is. 15 to 20% higher
V than the final elevation to allow’ for soil bulking during
cone;tuction and ‘conaolidation .(aetflement). with time. The
heigﬁt allowed for bulking depends on ‘the; soil structure,
compaction and Atterberg limits. . - '

Riser

- The height of a riser ney be dependent on ‘the width of the
terrace. In most cases, 1t will be ‘fixed by the depth of the
‘available soil. Riser heights of 1.8 to 2.0 m after settlement
are considered as the practical upper limits. Protection and
maintenance become more difficult as the riser height in-
creases. With the cut and carry forage crop system used to
protect the riser, the height to which the local people can cut
the grass limits the riser height. .

The slope of the riser depends on the texture of the soil,

soil structure, Atterberg limits and the tools and materials to

be used for building the terraces. Hand constructed terraces,
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with proper compaction, generally will have a 200X slope
(0.5H:1.0V), although in some instances, the soils will allow a
400X (0.25H:1.0V) slope. The establishment of a forage cover
on the risers becomes more difficult as the slope increases.
For machine construction methods (this includes those using
animal powered fresno scrapers and/or slips), an average riser
slope of 100Z (1.0H:1.0V) is recommended. Again, under certain
‘circumstances, it may be possible to use a 1502 (0. 75H:1.0V).
‘Rock wall construction will allow somewhat steeper risers, but
3ﬂthe,pstability should be checked using site conditions vhen
lgeiopeobeteeper,than 0.25H:1. 0V are desired.

DSoii“Depthh

The soil depth for the bench terraces can be obtained byf
;dividing the vertical intetval “by.. two and adding 30 cm. The
;minimum depth of soil that divereified crops can be grown on 1is.
30, cm, and a minimum depth of 50 cm is preferable. Therefore,
;without epecial conetruction techniquee a minimum soil depth‘
:of 50 cm is required for ‘a. 40 cm vertical interval- If the topf
‘soil 1s. removed from the slope and. placed An a 30 cm deep layer{
on the bench, deeper cuts can be allowed into subsoils: orl
partially decompoeed parent material provided the cut materialh

'did not exceed sand, size particles. -

Slope Limtt

Bench terraces can be constructed on elopes up to 50%
1{using hend methods. The normal range of slopes would be 15-
;QSOZ. o For practical large scale construction efforts,
LLQQZ slopes are the upper limit as risers have tn equal or
. .exceed 150 cm for all slopes above 35%. Hillside stability and
. landslide problems begin to appear on slopes steeper than 5032,
- Machine built terraces would be limited to 352 slopes or less
due to terrace width limitations.
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It 1s generally not recommended to use bench terracing on
alopea less than 12-15X because simpler and cneaper conaerva- ;

‘tion treatments can be used.

Net Crop Area

The net area is Zhe area on which crops are grown and
excludes the riser, 1ip and terrace chanrel. The steeper. the
slope the less net crop area. With & 180 cm riser, the net

" area declines from 81.7% to 46.22 as the land slope increases

from 15% to 50%, assuming continuous terraces.

Terrace Channels

. Terrace channels are located at the heel of the terracea7
in the cut area- The channel sgection is to be located 10 exm

1from the true ‘heel and the cultivated area 13 10 cm from the

fﬁrcnc of the channel (Figure D-3}. The average depth from the
u'fronrrﬁf'cne‘channel 18 20 cm varying from 15 cm at the head
iﬁandfcc“ZSfcm at the outlet. The average width on the terrace

+“channel 18 55 cm.

The. terrace channel will basically lave a 0, to 1. oz

~ rslope when constructed. Eroeion will =aventually alightlyc;

i

f1ateepen this if the tub changes 1n depth aie not atructured.

ffsgecification Tables

- A specification table can be ' computed, 'crep~by&atép;

“according to the equations presented in Figure D=3, for various °

vertical intervals and/or terrace widths on different alopes
for planning and field uses. The volume of cut and fill sﬁq'

-net crop area can be determined and tabulated: Agl‘ﬂpiégaf’r
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thio.typo of data is in Table D=1. Programsable calculations
can be used to prepsre the desired aspecification table.

Conservation Terraces

Conservation terraces are constructed on slopes of 4 to 25%,
but are generally not recommended for slopes above 15%. The design
of a conservation terrace is a special case of the general problem
of storm water drain design. The channel, or waterway, is usually
connidered to be parabolic, so the hydraulic radius 1is fairly
constant. Variations 1in terrace cross sections are presanted in

Figure D-4.

Vertical Interval

The vertical 1interval between conservation terraces
depends primarily upon land Jlope. However, it also depends
upon the soil and climate.  The cross section will have some
effect on the horizontal spacing. The crops to be grown and
the machinery (1if any) that will be used should also be con~
sidered. The preliminary terraces spacing i8 determined by the

equation:

VI = (XS + Y)0.305
Where: _ :
VI = Vertical interval in'meters.

X = Variable with values of 0.3 to 0.8 for graded
‘ terraces, and 0.8 for level terraces.

S = Laui slope in meters per 100 meters.

= Vartable with values of 1.6 to 4.0 as influ-
enced by soil erodibility, cropping systenn
and crop management practices. -
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¥or humid areas, a value of X = 0.3 should be used due to
heavy, high-intenaity rainfall. The values of X increases as
rainfall decreases. The values of Y generally used are as

follows:

Y - 1.0 for soils with below average intake rates
and cropping systems that provide little cover

during intense rainfall periods.

Y - 4.0 for soils with average or above iatake
rates for cropping systems that provide good

cover during periods of intense rainfall.

Y - 2.5 where one of the above features is favor-

able and the other unfavorable.

For humid climates with interplanted cropping systems, a
value of Y = 2.0 18 acceptable. The vertical interval 1s used
for staking terraces. The varlation obtained with various

values of X and Y are presented in Figure D=5 .

Horizontal Interval

The spacing of horizontal interval (HI) between hilléidw

ditches and terraces is computed as follows:

HL = VI (100)
5

The spacing should be rounded to even meters. Spacing may be

decreased as much as 252 and increaped 10X to allow for farming

needs.
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Maxisum Length

| After the spacing has been dctu:i}ncd. the next design
factor to consider is length. The nedglbity for designing the
terrace layout so that the maximum length is not exceeded 1i‘o£
little consequence ip some cases, 1.e.,}vhera the topography 1is
highly eroded and crossed by numerous water courses; but a
major complication where the area to be protected is on uni-
formly sloping land with few natural stream or water courses.
The recommended maximum lengths, in meters, of the terrace

channels are as follows:

Sandy Soils Clay Soils
Normal Maximum 250 400
Absolute Maximum 400 450
Gullied Land 100 250

The maximum length refers to the maximum length of flow.
A channel which sheds runoff on both sides from a high point
can have the maximum length on either side of the high point.
Where the runoff must be discharged into artificially excavated
waterways, costs will be increased. In most cases, the addi-
tional cost would be small in proportion to the total cost and
eﬁsily justified 1f it is going to mean a more efficient system
with a long life. The temptation to exceed the maximum allow-
" able length must be resisted by the dictum that bad protection

" .works are worse than no protection works.

 Gradfent
If the gradient of the chanmnel is too steep it will scour,

]Lif too flat it will flow sluggishly and. thus, will require a
large cross section that may be in danger: of ailting. However,”

non-silting velocities under all conditions 1s not ensy.‘]Af

Cyee s
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special ‘feature about the flow of water in the channels of_i
terraces 1s that the quantity of water increases along the
channel. At ' the discharge point, the flow in the channei is
the runoff from the entire area served by the terraces, but
half way along its length only half the area is contributing.
There are two different approaches to selecting the gradient of

terrace channel; the variable gradient and constant gradient.

1. Variable Gradient

It 1s not practical to design for increasing flow by
making the cross section of the channel bigger towards the
outlet end because it is impossible with machine construc-
.tion and difficult to control with hand labor except by
deepening the channel at given locations. The capacity of
the channel may be increased by maintaining the same cross
section and increasing the gradient. The required grad-

'ients that result in an increased capacity are as follows:

: Length = L Slope - Gradient
First 1/3 L - 0,005
" Second 1/3 L ) “9.0075
Third 1/3 L - Jo.or.

\"2?f”'06nétédt Ctadieﬁtlf

, "~The use of a constant’ grade and a conatant cross
isection, based on the required channel capacity at the
~outlet, results in considerable overdesign of the begin-
ning end of the terrace. This method assures ‘a suitable
velocity and it is easier to stake the terraces in the
field. The latter consideration 1s extremely importaﬁt
when the field work is being carried out .by unskilled

staff. The recommended grade for uniform terraces is 0.01.
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Croas Section Area

The cross sectional area of the drain in the channel
terrace is less precisely defined and specified than that for a
bench terrace because the section will change with farming
operations and, also, they are not cleaned. This 1s particu-
larly true with mechanical cultivation. Generalized minimum
dimensions are a cross sectlonal area of roughly 1.0 m2 with a
minimum channel width of 2.1 m, minimum channel depth of 0.25 m
below original ground level and a bank 0.25 m above the origin-
‘al ground surface. The design condition should be checked for

a runoff based on a 10-year return period.

Channel Velocity

' 'The limits or range of velocities for bare earth channels
between non-scouring and non-silting 1s small. The maximum

safe velocities for bare .soil are:

_ Material - . mfs
" Very Light Silty Sand 0.3
Atight Locse Sand ‘ 0.5,;
Coarse Sand .9;75 
iSandy Soil 0.75
Firm Clay Loam m,i-O_;
'ciéyfdr‘ St1ff Gravelly. Soil- 1.5
fcéhise_cra&els', | | 1.5
Shale, Hardpan, Softrock’ 1.8

Estimation of Surface Runoff

The design o£v¢hannels, ditches and terraces and other works which
deal with surface runoff, requires information on the probable quantity

of water. If the object is to impound or stote‘théfﬁn;e; it may be



‘suIfizient to know the total volume of ?..'::t‘e: expected, but the _usual
construction problem is the removal or conveying of water frop one place
to another and, in this case, the rate of runoff is important and,
particularly, the maximum rate at which runoff is likely to occur. This
maximum rate is the flow rate that the channel must be deaigned to

handie.

Runoff 1s some portion of the total rainfall but, unfortunately, is
not directly proportional to it. There are many facters which affect
runoff such as: some rain is intercepted by vegetation; some infiltrates
into the soil; some starts moving over the ground surface, but is frapped
in depressions; some 1s lost by evaporaticn and many other factors -that
determine the amount of surface runoff. Estimates of the rate of surface
runoff all depend on two processes: an estimate of the rate of rainfall,

and an estimate of how much of the rainf'all becomes runoff.

Intensity and Dur.:ion of Rainfall

It is common experience that the most severe rainfall only lasts for

a short time, although it may occur (uring any part of a storm« A storm °

which lasts several hours will usuélly have a greater total amount of

.rain than a storm which lasts only a few minutes, but the average rate,
”expressed in millimeters per hour, will usually be less than the average
.rate for the short period storm. The length of a storm is called its
duration and :he relationship between intensity and duration is of the

forn ahown below:

 Intensity,

 Time
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A common form for mathematically expressing th? relationship between
intensity and duration is: ' '

I = 24
v}

Where: = Average intensity of the storm.

1
D . = Duration of the storm.
a - Constant.

b

- Constant.

Generalized average values of a and b are 3,000 and 40, respec-

tively.

For any given duration, the graph or equation will indicate the
highest average intensity which is probable for a storm of that duration.
Having introduced the element of probability, the degree of probability
must be specified. Given adequate records, the maximum intensities can
be calculated tor various return periods (recurrence interval) and the
results shown as family of curves similar in shape to those in Figure D-

6, with separate curves for different return periods.

Another variable is that the intensity-duration curve for one
meteorological atation will not be the same curve for another station or
'gwgiffgpgnt_pa:tlof the country with a different rainfall. In general,
;ﬁé étégté;_;he mean annual rainfall the higher the probable intensity
féf any given duration and return period. A family of curves can,
gﬁéréfbre, be drawn for different mean annual raintfall of any given
probability- Figure D-7 presents an example of the variation of inten-

sity-duration for various mean annual rainfalls.

In the case where intensity-~duration data are limited. another form

of data evaluation can be used. The available depth—dutation data can be

plotted_and then enveloped. The smooth envelope curve can then be used

‘tbrprepare an intensity-duration curve with knowm probability.

4

- p=33 .
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In Indonesia, intensity-duration data is not processed as part of
the routine rainfall evaluation process. Data was not available for
Banjar. Therefore, the data available at Gombong, to the east of Banjar
("The Karangsambung/Wadaslintang Multi-purpose Project Hydrology Appen-
dix", ECI 1978) was used. This data was plotted and an envelope curve
drawn (Figure D-8). The data 18 of very short duration so that no
probability estimates could be made. In view of the limited data, it was
assumed that an envelope curve of the Watubelah intensity data would
approximate a 10-year return period (Figure D-9). The envelope curve
adequately represents the variation in rainfall intensities and duration
for periods of 5-minutes to 10-hours (600 minutes). A one hour design
- storm was defined as 110 mm by Figure D-9. This would be adequate for
the design of terraces, diversion ditches and other drainage and waterway

features.

Time of Concentration

Since intensity rates are linked to storm duration, they alao have
an appreciable affect on runoff. The storm duration, which corresponds
to the maximum rate of,runoff, is known as the time of concentration. It

is defined as the Iéngest time taken for water to travel by overland
B entface.flow from any point in the catchment to the outlet. This can be
.'illustrated By a storm occurring near the outlet, but not covering the
watershed. The 1intensity could be high, but only a portion of the
watershed is receiving rainfall and yielding runoff. If a more wide-
spread belt of rain covers the entire watershed the intensity will
probablj be less, but the entire watershed will be yielding the runoff.
Under most conditions, a storm covering anientire watershed gives the
greater rate of runoff. Maximum runoff will occur when the entire
watershed 1is yielding runoff at ‘the maximum rate. Since intensity-
duration curves show that intensity decreases as duration increases the
maximum rate of rainfall and, hence, the maximum rate of runoff will
occur in a storm with the shortest duration, which will still allow the'
whole watershed (catchment) to contribute runoff. The shortest time for
the. entire watershed to contribute is the tiume it will take water to flow-
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from the point which is the farthest away in time, hence, the definition
of time of concentration. The longest time ﬁay not necessarily be that
taken by runoff from the farthest point to reach the outlet because there
may be a nearer point which, due to flatter grade or storage, has a

slower route to the outlet.

The main varlables affecting the time of conéenttation are:
1) size, the larger the catchment the longer will be the time of concen-
tration; 2) topography, steep topography will cause faster runoff and a
shorter time of concentrgtion;' and 3) shape, with catchments of the same
size the shape can effect the time of concentration such that long,
narrow catchments have a longer time of concentration than either square

or short, squat catchments.

Two approximate methods for estimating the time of concentration are
the "Bransby-"illiams" formula and the "Kirpich" formula- The Bransby-
Williams formla is defined as:

"'Wher.e':.»‘ T - ,c»,Time of concentracion in hours.- _
_',L Cm Longest distance to outlet in kilometers. .
d

- Diameter of a circle equal in area to the catchment
‘area in kilometers.

]

H o “"Actual area in square kilometers.

F - 'Average fall or slope of the main water course in

The“Kirpich \forn’nlla »157: qef ined as:

Wheres, Time of concentration in minutes. _
' ' Maximum length of flow in meters.

Average stream gradient in m/m-
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Infiltration

Not all the rainfall reaching the ground becomes surface runoff.
Part of the rainfall infiltrates the soil. The 1nfiltration rate varies
with time, with high 1n1t1al rates and low protracted rates during long
periods of ruinfall. The infiltrarion rate varies with soils and the

fraction of sand, silt and clay. Hherq;meaaured infiltration data 1is

lacking, the following minimum rates may hé used:

Well Drained Land 40 mm/hr
‘Medium Drained Land 20 mm/hr
Poorly Drained Land 10 mm/hr

Estimating Maximum Runoff Rates

There are at least 100 different methods or formulas that have been.
proposed for estimating peak discharges from small watersheds. Most of
these were developed for special situations and are not universal in
application. In general, for areas in excess of 5 hectares, 1t 1is
advisable ‘to use a method involving hydrographs, unless a specific method

has beentprovedior locally calibrated.

‘ }Small Catchmenta 7
RREST SERE ST 1 T R S £ SN SR .
Small catchments are defined as those containing less than'
flO hectaree- The simplest method for estimating the maximum rate of
] ff_is the "Rational" formula which 1s:

R 2 78 AcL
Qe _Design flow in liters per aecond (l/s)-

fiDrainage area in hectarea ‘(ha) s

'.Runoff coefficient, depending on character
Of ruooff.

fl’i "= Rainfall intensity, in millimaters per.
o ~_hour (mm/hr) for a l~hour storm as modi-- .
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fied by required storm duration to concen<s
trate flow at desired location.

2,78 - Metric conversion factor.

The application of the formula consists of selecting appro-
priate values of C, I and A. The area A can be measured by a
surveyor, taken from maps or aerial photos. The value of I may be
determined by one of the methods discussed above.

. 3

The virtue and weakness of jthe rational formula is that all','the
factors that .determine the proportion of rainfall which becomes
runoff are combined into the single runoff coefficient C. The
factors included are topography, vegetation. infiltration rate, soil
storage capacity, drainage pattern, etc. Many tables have been
proposed for estimating C and their use depends on experience.
'Table D-Z is a composite of C values that are applicable to . the
'tropics;_ | |

The rational method is adequate for the design of terraces in
"ama11~ wstersheds- The limitations in available data are not criti-
'call.',m as only the maximum discharge is required and the terraces have
!sufficient capacity to store a portion of the excess rainfall until
:v"it can be drained off, therefore, acting as a buffer. The design of

1terrace drains is made on the premise of minimizing drain size to

freduce cost of construction without overflowing the riser. For"
2

::',:example. 'an average terrace of 4 x 100 m = 400 m“ 18 to be drained,
'the intensity is. 100 mm/hr and a C value of 0.6 for bare clay soil '
iis estimated so that the maximum rate of runcff is calculated to be

Q= 2.78(0.04) (0.6) (100) = 6.6 1/se.

. Medium Catchments

. Medium catchments are defined as those containing more than'
10 hectares and less than 2, 600 hectares. A practical method has
”"”'been developed of repreaenting a runoff hydrograph by a triangle, -
for determining peak ,discharge. Figure D~-10 shows the schematic
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rcpreaentation of a triangle umnit gfabh. The runoff hydrogranh”id
equal in volume to the.excess rainfall, and the time ' to peak and

peak rate are equivalent to a typical unit graph.

From Figure D-10, the total runoff is defined as:

2 ' 2
Where: Q - Total runoff in centimetera.
qL = Peak rate in centimeters per hour.

Tp = - Time, in hours, from start of rise to peak
rate.

Ty = Time, ip hours, from peak rate to end of
runoff.

bThe‘peak rate is then defined as:

ql = 29
o Tp + Tr

Where H ia a constant ‘to be ‘determined for each watershed. It can be
determined from recorded hydrographa. In lieu of recorded data a

-,value of H - 1.67 may be t3ed for an average value in ungaged

waateraheda- The peak rate can now be defined as:

’ q'i -.(IZT) g— “(in centimeters/hour)
o Q) T |

:Converting the peak rate from cn/hr to liter per aecond (1/8). and

introducing the drainage area (A) in hectarea, ‘the peak rate can be
‘defined as: - ' ‘ '
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ap = 2(27.78)AQ = 20.8°AG {1n liters/second)
- (141.67)Tp Tp :

The lag time is defined as the time from canter of exceas rainfall
to time of peak discharge. An empirical relationship adopted by
many hydrologists for ungaged watersheds is defined as:

Tp = D/2 + 0.6%c

Where: D = Period of excess rainfall, in hours.
0.6 = Empirical constant.

Te = Time of concentration-travel time of water
from hydraulically most distant point to point
of interest (outlet), in hours.

A time of concentration from which a lag time can be computed
must be obtained for hydrograph construction representing runoff
from. a watershed. Two methods of estimating Te from individual

watersheds are as follows:

1. The time of concentration can be estimated from stream
hydreulice wherein channel cross-sections are taken and bank-
‘full dischargea are measured so that an average velocity can be
determined for each reach of the stream. Then, using the
average velocity and valley length of each reach, compute the
travel time for each reach and sum the travel time of all

reaches to get Tc.

2{f; ‘The time of concentration can be estimated by estimating
"velocities and watercourse lengths. Various methods have been
uaed to obtain average velocities in natural streams, based on
'average slope in each reach and, in some cases, on the water-

shed cover and conditions.
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Generalized lag curves can be worked out for a region so that lag
time (Tc) and ‘drainage area are plotted. If a large number of
Tc determinations are expected, the developwent of such a curve will

save considerable time in engineering designs.

Tﬁébéﬂﬁagé”are, admittedly, generalized because concentration
of runoff is affected by storm distribution over the watershed and
storm intensity, as well as by the watershed hydraulic character-
istics. If data are ‘available, more than one method of esti-
mating Tc should be used to select a representative value for a
particular watershed. Whenever it is possible to obtain a Tc value
from streamflow records of the stream of interest, or by detailed
field inspection of stream channel and watershed characteristics,
that value should be used. When it is necessary to estimate a

Tc value, the following equation can be used:

Te = [0.87 3|0-385 (4n hours)
. E
“Hhéiﬁz;~“L = Length of longest water course in kilometers.
.E = Difference in eléﬁhtibn,:in meters, between

the outlet point and watershed divide.

The Bransby-Williams or the Kirpich formulas could also be used
to estimate Tc, but the time units wil) have to be consistent with
. unit graph. Additional work must be done to verify equations for Tc

under humid, tropical conditions.

A curvelinear hydrograph may be constructed from values

"6fﬁqp and Tp by using the ratios tabulated on Figure D-10.

" An example of the application of the triangle hydro concept

follows:

Given: Drainage Area = 50 ha
Rainfall = - 200 mm = 20 cm
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Infiltration (H-diu-) - 20 -nlh - 2.0 enlhr
Duration c - 1 hour.
Excess Rainfall = 18.0 cm -

From a map, the length of the l¢ngest watercourse was measured
at 12,750 m (12.75 xm) and the dffference in elevation from the
divide at the farthest point to the outlet was estimated to - ‘
be 145 m.

. Therefore:

Te E).m _1;1 0.385 E).a:r ( 12.75)3] 0:385 . 2.64 hr

E 145
Tp = D/2 + 0.6Tc = 1/2 + 0.6(2.64) = 2.08 hr

T = 2.67Tp = 2.67(2.08) = 5.56 hr (Use 5.6 hr)

@ =  20.840 = 20.8(50)(18) = 9,000 1/s

The Design of Hydraulic Channels

Most of the mechanical works used in the control of erosion are
'required to collect, divert or lead streams of water, and the basis of
their design 1s the application of the principles of the hydraulics of
flow in open channels. The following are the four problems most fre-

quently encountered:

1. Estimating the flow 1in a 'éhannel when the cross section,
gradient, depth, etc., are known.

2. Estimating the depth of flow at which a given chunuel will

~ carry a given rate ol flow. -
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3-A' Designing a channel which will carry @uny a given,rafe of flow

without oxcqpﬂ;ngdcortain velocity limitations.

4. Designing a system including structures which will carry away
a given rate of flow on steep slopes where velocity limitations

would otherwise be exceeded.

Inter-Relation of the Variable Factors

The basic formula for the rate of flow in a channel is:

Q = VA

= Rate of flow (1/s or msjs).

2

Q
v - Average velocity (cm/s or m/8).
A = Cross sectional area of flow (ém or mz).-

Many factors inxiuence the velocity and area of flow, and they react

upon each other in a complicated inter-relation. The main factors are:

1.

Size

Obviously, large channels will will carry more water than small

ones.

2. Shape

Channels of the same cross sectional area, but of different

shapes will carry different amounts of water. Water close to thé

"gides and bottom of the channel 1s slowed by the friction effect, so

a channel whose shape provides the least area of ‘contact with the

‘water will have the least frictional resistance, and 8o a greatefv

"capacity. The unit to measure this affect of shape 1s called the.

"hydraulic radius" of the channel. It 1is defined 'byV tﬁe‘:cruqs
sectional area divided by the '"wetted perimeter", which is jthéj

iz



length of the cross section of the channel uhiéh‘in'in contact with
' the water. The hydraulic radius is defingd~by'the formula:

R - é.
P

Where: R - Hydraulic radius.
= Area of flow.

4 = Wetted perimeter.

The basic dimensions of common channel sections are shown on
Figure D-11. If all other factors are constant the lower the value

of R, the lower will be the velocity.

Earth channels are usually given a cross section which 1is
trapezoidal, or a smooth curve approximating a parabola. Channels
originally excavated in earth as trapezoidal sections tend towards a
pérabolic shape, in time. V-shaped sections are undesirable for

" earth channels because the lowest point is liable to scour.
3. Gradient

’Vélocitygis, naturally, affected by thevgradient and increases

;gsfghgfchaqnel gradient steepens.

4. Roughness
The contact between the water and the channel exercises a
fffictional resistance, and this is affected;'”like any friction
‘éffect, by the smoothness or roughness of the channel. A concrete
" 1ined channel has less resistance than one whose sides are choked
with vegetation. It may be desirable to ninimize roughness when it
is required to pass as much water as possible, or to increase fhg
roughness when it 1is desired to slow the:Qater,down bg1di“a'nonf ‘

scouring velocity.
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.- The quantity and rate at which water will flow 1n an open chlnnel 10_
determined by all these factors, which are all linked together in conpli-
-cated relatlonlhipa. The result is that there is seldom cne unique
solution to a chamnnel design. Prequently, there are a number of altefha—.
tive solutions from which one can he selected as the most suitable for
the Job.

Estimates of Velocity

The most commonly used method for the.eetimation.of velocity in open

channels is the "Manning" formula. The formula is defined as follows:

V = Ré/3Igl/2
n
Where: = Average velocity of flow (cm/s or m/s).

v

R - ‘Hydraulic radius (cm or m).

s =  Average channel gradient (m/m).
n

- A coefficient, known as "Manning n". The -
values for "Manning n" are shown in Table D-3.

Design Criteria

 Maximum safe velocity is the highest velocity thét can be allowed in
an unpaved channel without scour or ‘erosion. It varies for different
goil condltiona, vegetal cover and bank protection. Acceptable maximum

velocities for various soil conditions are as follows:

Maximum Velocity

- Material (m/s)
v Very light silty sand ‘4 | 0.3
'”fLight loose sand . ‘0.5

 Coarse sand _ “ | 0.75

" Sandy soil o 0.75

Firm clay loam e 1.0
Stiff clay, or etiff gravelly soil 1-5\7
Coarse gravels ‘ 1.5
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_Shale, hardpan, softrock 1.8

Hand cemented conglomerate 7%
Maximum safe velocities are not exceeded under any circumotdnceo-w

The shape of the section ie normally trapezoidal for two reasons:
1) construction is easier and it's easier to check in the field; and 2) the
top width 1is roughly 2/3 that of a paraﬁolic channel. Efficient channel |
shapes vary according to purpose. A trapezoidal channel where the depth
of flow is 1/2 the bottom width is the most efficient hydraulic section.
To prevent siltation, the most efficient channel is where the ratio of
depth to bottom width is roughly 1/5. Generally, increasing the depth or

reducing the width reduces the volume of excavation.

Freeboard is an extra allowance added onto the design depth to allow
for turbulence and construction irregularities. A nominal freeboard of
0.2 d (depth of flow) is suggested with design depths rounded off to

nearest 10 cm.

]Gréééftined W&teréaz

A”grassed,waterway is a natural or mén?made drainageway of parabolié
‘oﬁﬁtrapezoidal cross section that is below adjacent ground level, and is
'btabiliied by suitable vegetation. The flow is normally wide and shallow

nd conveys the runoff down the slope. The purpose of the structure is
,to convey runoff without causing damage by erosion. Grassed waterways are
used where added channel capacity and/or stabilizatlon is required to
control erosion resulting from concentrated runoff and where such gontrol

‘can be achieved by this practice alone, or in combination with others.

‘Two types of channels are used for artificially constructed water-
ways. Type A consists of raised banks. which contain the water in a flat-
bottomed channel; in Type B channels, the soil 1s excavated to form a
shallow-dished drain and the excavated soil is either carted away or used
to form low banks on either side. The advqntagequ Type A 18 that the
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nstursl vogoution is undilt.urbed in the bottom of the channel. and it 1s .
plrticuiurly useful Hhete water has to be discharged down the channel as
soon as it is constructed, without waiting for grass to be sown or
planted. The disadvantage is that the soil for the raised banks may be
difficult to obtain. If the soil is taken from outside the banks, one,
and more often two, parallel channels are dug down the slope resulting in,
and/or accompanied by, excessive gullying. The transport of soil to the

channel from protected borrow areas is expensive.

Type B is preferable, provided a good grass cover can be established
before the channel has to carry water. The ideal solution is for the
waterways to be established one or two seasons ahead of the construction
of the drains and terraces which will discharge into it. There are
methods to increase the rate of vegetation establishment, thus, reducing
channel erosion to a minimum if all construction has to be accomplished

at the same time.

Design Criteria

‘The design of the ctossksection is a'sbecialized'case>in the
design of'ﬁydraulic channels. The waterway must run straight down
the slope or the water would pile up on the lower side, therefore
the gtadient is determined by ground conditions. Since a good grass
:covér is required, the roughness coefficient 1is within. narrow
limitations for the size and shape which, for the given slove, will

"pass the required rate of flow.

:cagaéitxf

The minimum capaéity shall be that required'to confine the

‘ péak rate of runoff expected from the design storm correspond-
ing to the hazard involved. - A 10-year return period will be
-adequate for terracing and .gully control. . Where there 1s
baseflow, it shall be handled by a stone center df' other -



suitable means, since sustained wetness usually prevents
adequate vegetative cover. The cross sectional area of the
stone center shall be determined by using a flow rate of .

7 1/s/ha, or by actual measurement of the maximum baseflow.

Cross Section

The design water surface elevation of a waterway receiving
ﬁater from diversion, terrace channels or other, tributary
channels shall be equal to, or lower than, the design water

surface elevation in these tributary channels.

The top width of parabolic waterways shall not exceed 10 m
and the bottom width of trapezoidal waterways shall not exceed
S.m unless multiple or divided waterways, stone centers or

other means are provided to control meandering or low flows.

‘$""aterway ahall have a atable outlet. 1In all cases,

must discharge in auch a way as not to cause ero-
‘tlets\shall be constructed and stabilized prior to

:oper tion of the waterway.

velodidy "

Haximum permiasible velocities of flow for various atated

conditions of stabilization are as follows.

_ Range‘Of Channeli Permissible

Cover ' Gradients (%) Velocirv (m/g)
Tall, close growing 5.1 to 10.0 Lo S
grasses ) ~ Over 10.0 - l 2
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) T’p‘ 11 0.0 to 5.0

1.5

Clipped close grow— 5.l to. 10.0 1.2

ing grasses Over 10.0 1.0
Type III

" Poorly established

Vegetation 0.0 to 5.0 0.75
Type 1V A :

Bare soil 0.0 to 5.0 -0.60

Vegetative Cover

There are a number of grasses, both native and introduced,
that can be used to protect grassed waterways. Not all grasses
or legumes should be used, as there are many that are not
adaptive to wet soil conditions. No experimental data appears
available on tropical grasses and legumes with respect to
adaptabllity to waterways and their_degtee of water retardance.
In lieu of this, an estimate of these qualities have been made,
based on agronomists’ recommendations and knowledge of the

plant material. These are shown on Table D-4.

Channel Roughness

' The most common method for the estimation of velocity in
" open channels is the "Manning" formula. The retardance (rough~-
ness) coefficient "n" is a measure of channel roughness with

values ranging as follows:

Manning’s "n"
1. Channels free from vegetation:
. Smooth and uniform cross section . 0.016~0.020
Small variation in section; fairly reg- . _
lar alignment to some irregularities 0.0225-0.035
Irregular aiignment with grass sides; : ;' - '.'1 :
variable section . _ - 0.036-0.045 -
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2. Végetated channels:

Short grass (5-15 cm) - 0.030-0. 060

Medium grass (15-25 cm) - 0.030-0.085.

Tall grass (25 cm and above) 0.040-0.150
\

The presence of grass or vegetation in a waterway will
result in considerable turbulence, which means loss of energy
and retardance of flow. This has the effect of stabilizing the
body of the channel, consolidating the soil mass of the bed,
checking erosion along the bottom and causing the suspended
soil particles to settle out in areas of low velocity. Inves-
tigations by the U.S. Soil Conservation Service found that the
retardance coefficient for just one kind of grass varied over a

 wide range, depending on the depth of flow and the shape and
" 8lope of the channel. Thus, the selection of a design value
“for "n" would be nearly impossible. Fortunately, it was
. discovered that the retardance coefficient "n" has a relation-
- ship with the product of the mean velocity of flow "V" and the
- hydraulic radius "R". This relationship is characteristic of
}fthe“vggetation, and practically independent of channel slope
=~ 'and-:shapes A number of experimental curves for '"n'" vs. VR
‘j‘(Fngtg D-12) were developed for five different degrees of
fiéetardéhce: very high, high, moderate, low and very low. The
%ﬁ?iéshificatiqn'of retardance is based on the kind of vegetation
Lgﬁhd”féqndition of growth. The original work used temperate
fﬁéiiméte and vegetation common with the United States. Little
9‘Cerelary vwork is available on tropical grasses and legumes.
?fTo.allow usage of Figure D-12, an estimate of the degree of
Ffefardahce for tropical vegetdtion (Table D-5) has been pre~
 'pared and was based on known characteristics, and may be used
f\as a guide in the selection of appropriate vegetation. Stem
{:iéhgth and density of growth are particularly important in

- determining degree of retardance.
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Procedure of buign

It is suggested that the hydraulic design of. l,rngrassed‘
watervay consist of two stages: A) Design for channel ‘stabil-
ity, i.e., to determine channel dimensions under conditions of
a lower degree of retardance; and B) Review for maximum capac-
1ty, i.e., to determine the increase in depth of flow necessary
to> maintain maximum capacity under conditions of a higher
degree of retardance. Finally, a proper freeboard is added to
the computed depth of the channel flow, which will further .
increase the maximum design capacity. The design procedutfe is

as follows: e

A. Design for Stability
- ‘Given the discharge, channel slope and kind"df grése,;l
- the first stage of design may proceed in the fql_J.owinQ

. steps:

1. " ‘Assume a value of "n", and determine the corres-
" ponding values of "VR" from the n-VR curve (Figure D-
S ¥ TR e

"2+ . Select the permissible velocity and compute the

--value of R

N 3v‘.-z-‘_.‘.'::ijy‘sj.n_g fstyé_.-yuanning,formula,' compute the value of:

p5/351/2

‘n-

and. check this value against the value of \'I‘R:‘obtailned_
‘in step l. ' ‘
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4  Make other trials until the computed value of VR
is equal to the VR value obatined from the n--

VR curve.

5« Compute the water area, or A = Q/V.

6. Since the correct values of A and R have been

obtalned, the section dimensions may be determined.

B. Design for Maximum Capacity

. The second stage in design 1s to determine the
. additional depth necessary to sustain the maximum capacity

_ of a fully developed lining. The procedure is as follows:

le Assume the depth "d", and - compute the water

‘PQfgabA and the hydraulic radius R.

» '1Computehthe velocity by the Manning formula, and
eck thisfvalue of V againat the value obtained in

’atepiz.

ST

';5 Make - trial computations until the computed V in
: step 4 13 equal to the computed V in step 2. It

should be noted that this velocity 1s always less .’
~ than the permissible velocity aasumed in the first'i

- stage of design (design for stability) since the
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cross section has been enlarged in the second stage

of the design.

6. Add proper frzeboard to the computed . depth.

Riprap Lined Waterway

Riprap is a layer of loose rock or aggtegate placed over an erodible
soil surface. Riprap 18 used where the soil conditons, water tutbulence,
velocity, expected vegetative cover and groundwater conditions are such
that the soil may erode, even under design flow conditions. Riprap may
be used at such places as storm drain outlets, channel banks and/or
bottoms, roadside ditches and below drop structures. Other than for
erosion brotection for structures, the use of riprap should be avoided,

if at all possible, due to the high cost of placement.

Riprap shall be composed of a well-graded mixture of rock down to
the 2.5 cm size patticlea, such that 50 of the mixture, by weight, does
not exceed that of the dSO size. Thus, for a riprap size dgq of 10 cm,
“thia meana that the total weight of all stones greater than 10 cm cannot
,exceed 501 of the total weight of the entire mixture. L

-Design Criteria

ﬁThe.deaign criteria for tiprap lined channels are aimilat to
those
”mfgihe :iprap_a1ze_1q qetermined empirically.

f.other channels with reapect to gtadient and design capac-

lThe’dso”dlametet for a ‘trapezoidal channel 1is determined from
* the equation:
d50 30 [4 167 R QS J '

Where: Q = Flow,lin m /s.
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-8 - Gradient, in mm.
P =  Wetted perimeter.

.
]

llydraulic radius.
The above equation is valid for discharges up to 30 m3/s.1
. The roughness coefficieat (n) is estimated from the formula:

n = 0.0223 (d )L/6
50

TUIf the roughness coefficient used to determine the channel dimen-
sions and that determined for d50 are not in reasonable agrecement,
another trial must be made to establish channel dimensions using the

“dd50 value of n.

Parabolic channels should not be riprapped due to increased
:amount of riprap required over that for a trapezoidal channel to

iconvey the ‘same amount of f£low. : : .

Eroeive forces of flowing water are greater in bends than in
"atraight channels. For channels with bends, calculate the
ratio Bs/Ro, where Bs is the channel surface width, and Ro is the
,radiua of the bend.  Use Figure D-13 to find the bend factor (Fb),
na’ multiply the dgg for straight channels by the bend factor to

determine the riprap gize to be used in bends. If the d50 for the
bend is less than 1.1 times the d50 for straight channel, then the
feize,for‘the gtraight channel may be used in the bend; otherwise,
‘fﬁg»étoﬁé size calculated for the bend shall be used. The riprap
.EHEii‘ extend across the full channel scection and shall extend
upetream and downstream from the ende of the curve a diatance equal

‘to five times the bottom width.

The maximum stable slope of a riprapped "channel side’ 1a deter-_
mined from Figure D-13. = The chsannel bank will not be ateeperr
than 2.5H:1V.



The ripre? size shown on plans shall be defined as the largest
stone in the mixture and the largest stone is limited to 1.5 times
the dSO size. The minimum thickness of the riprap layer 1is defined'
as 1.5 times the largest stone in the mixture, or 2.25 times the
dSO size, but not less than 15 cm. Riprap shall extend up the side
slopes to a haight equal to the maximum depth of flow, or to a point
where vegetation can be established to adequately _protect the

channel banks.

The determination of the riprap size that will be stable under
flow conditions defines what 1s then considered to be the minimum |
size. Then, basad on rijrap gradations actually available in the
area, the specifications will reflect the sizes that equal or exceed
the minimum. The possibility of damage by children should be
considered in selecting riprap size, especially if there is water

nearby to toss the stones into.

In channels where there is no riprap or paving on the bottom,
- the toe of the bank riprap shall extend below the channel bottom a
;distance at least 1.5 times the maximum stone size, but in no case
,;lese than 30 cme . The only exception to this would be in the event
_that there 1s a non-erodible hard rock bottom.

Riprap ahall have .a, filter, or, filter layer, placed under it
iwhen eithet of the following :two conditions. exist.-

‘L., .Where . O
. 2,5 cm size particle..~n

AN ’x-. =

the riprap_fis ‘Qetﬁﬁﬁell#greded. down to. the

.'_"',"2.:,:‘L Where the riprap 18 placed on the side slopes of a
channel and the soil is sand-size or finer with a plasticity
:index (PI) less than 10. This requirement applies to slopes
- having the 801l in 1lenses or layers greater than 7.5 cm in

thickness.



A filter can be of two general forms: (1) a simple 1.,6&'6! 
‘plastic filter cloth manufactured for that purpose, nnd (2) s
properly graded llyer of sand, gravel or ltonc.

The criteria for the design of an aggregato filter are es

follows:
d15 riprap <5 dls filter <s
d85 filter d85 base

- ia which d15 and d85 refer to the diameter of material, where 15 and
85 percent, respectively, are finer. The base is the soil layer
underneath the’proposed filter. The filter shall be graded down to
gsand size particles. The soil sizes refer to the unified soil

classification system.

Control Structures

- There are two types of control structures requiéed‘in drainage and
terracing. These are outlet protection and drop structures. Outlet
protection 1s the providing of de-energizing devices and érouion resis-
tant channel sections to allow the flow to reach a stable existing
downstream channel without causing erosion. The outleﬁ protection can be
. deéigned according to the methods shown for riprap. The depth 1s estab-
lished by the downstream channel conditions.

Drop structures are required where the natura’. slope causes veloci-
ties to exceed the maximum allowable. FEither stone or bamboo drop
structures may be used. ' The structures must be extended into the banks

far erough to prevent water’coming arcund the ends.



Layout and’ Construction

Field Surveys

Prior to planning and designing the terrace projecﬂ.there are thrée
basic surveys which should be made on the proposed area: land, soil and
dralnage. If suitable site maps are not available, the surveyor should
prcpare a rough sketch map of the site showing existing waterways, major
gullies, large obstacles, roads, trails, existing cultiﬁation, houses,
3lides, general direction of slopes, etc. The three surveys are defined

as follows:

Land Survey

Measurement of the general slope of the land, if there are more
than one slope or if the slope is not even (slopes may considerabiy
vary at different parts of the arét), separate measurements of each
different slope will be made. Slopes are to be expressed in percent
and not degrees. The measured slope of the land will be used with
other information in arriving at the construction dimensions of the
terraces. Length of slope, width of slope and topography of the
area are to be recorded. This information 1s used in determning
whether the area is suitable for terracing and, if so, the length of

terraces.
Soil Survey
A simple soil survey should be conducted to obtain:
Soil Texture
. Clay 1loam, silty clay  loanm, ieilty loam,: sand élay_
loam, etc. Very coarse soils and very fine soils should'bev
avoided for bench terracing. 'Clhf“soils g#nfbevtetrgced for.

. RO e .
upland rice production if all other conditions are optimum. ..
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Soil Depth

For terrace constructiuon, soil depth (topsoil and sub-
soil) should be measured down to the depth of the parent
material. This depth is recorded as the maximum effective soil
depth (terraceable depth), and the depth of cut should not
exceed this depth.

There may be an allowable exception to this rule, that is,
in areas where the parent material 1is highly weathered and
-effectively disintegrated so that it may be considered as a
'part of the so-called "B" horizon and may be included in the
tex;raceable soil depth. The minimum soil depth needed for
terracing is 30 - 40 cm.

Small pits, at various points or locations in the area, can be
' ;_‘dug' with a pick to observe the soil profile and determine field
4,‘5ttext:ure,’ struéture, depth of horizons and a field estimate of
‘vpermeability. The depth of the pit to be dug should be about 75 cm; |

‘deeper observations can be made with an auger. The soil profile can
‘ :alao be studied from road cuts, banks or gullies, slides and other

-“hatural or man-made depressions.

‘ ‘Another important observation to be made is the rock content'
and stoniness of the soil. Soils with too many stones should be

‘&voided. Size of stones or rocks in the soil should be recorded, as
" “this will dictate whether the terrace risers will be made of stones

or earth.

‘Surface Drainage Survey -

' One of the primary concerns of the technicians involved 1n-,'

: terracing :I.s to determine the availability ‘of proper dninlge"
‘outlets. Existing gullies with active erolion cannot be cono ‘ f"
or used as a proper drainage outlet for tettleu.'_ mly ltibiliﬂdé
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vatervays vlth"no apparent gully formation, and with gta-- ¢over,
can he used as an outlet or drainageway for the excess water from
terraces. If such natural and safe outlets do not exist, then
construction of control structures will -have to be d'esigned and

provided in order to have a non-eroding outlet channel.

Layout of Terraces

Terraces are not laid out until a water management plan for the
entire sub-watershed (unit) has been developed and che outlet locations
and types of outlets have been selected. A soil and land capability
classification 1s also a prequalification for terracing so that suffi-

cient knowledge is available on soil depths and future capabilities.

Systems of mechanical protection need to be built in the right
order. When water is to be carried by a channel which has been designed
as a vegetated waterway it will almost certainly erode if it tries to
carry the water before the vegetation 1is established. Any grass-lined
diversion drains or grass waterways should, therefore, be put in first,
preferably the season before they have to start work on terrace construc-

tion..

- The next point is that diversion drains should be put in before the
terfgce channé;s; and building of the channels should start from the top.
The reason is.that the terrace channels have been designed so that each
can carry 1ts'own sharg of the runoff and no more. They cannot properly
function unless all the other protection works higher up the slope are in
place. Even when it is the intention to build gll the works within a
short time there is always thé possibility of tractors breaking down or
‘sudden storms catching the job half completed, it is a good practice to

always start construction at the top and work downhill.
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Non=-Parallel Terraces

No set procedure exists that will give the best terrace layout
on all fields or units; consequently, the final lécltion of the
terraces will depend, to a great extent, on the judgement of the
engineer preparing the layout. The following 1s a suggested proce-
dure for those with little or no experience in terrace layout. As
experience 1is gained and judgement is developed, modificatious of
this procedure to reduce the time required and to 1mptove the layout

will be made.

1. ‘Locate the high point of the area to be terraced. A
level should be used to locate this point, for it is often
impossible to judge the highest elevation in an area by the

eye.

2. Determine the land slope: above the first terrace.
Measute this slope from the high point. In measuring land
svlo.pe' it 1is conQenient to use a distance of 25 m between
points} however, on steep land it may be advisable to use

: "aj 15 m distance.

Select the vettical interval for the first terrace.' Use

,‘;‘]the at:eepest: slope from the high po int: and substitute the
}j‘f»’applicable equation for vertical irterval (VI).

_v' 4. Locate the first stake on the top terrace. This stake is
,_'uaually located directly down from the high point. The dif-
N‘_fgrenge in elevation between this point and the high point is

equal to the vertical interval computed in item 3.

'5:., Stake out the terrace to grade. Stakes are uauaily set
at 25 m intervals on uniformly sloping land with less: than
5 percent slope. A 15 m distance 1s used on land with irreg-
ular ‘slopes and land with slopes greater. t:han'Sy_.pe‘tﬂc‘e_"hti;‘ L If

.'1eve1 terraces are being staked out, all stakes are set at the
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s

same elevation as the first stake. If graded terraces are
being staked out, care should be taken to see that the rod
reading 1is 1increased when approaching the outlet end of the
terrace and decreased when approaching the upper end.’

5- Check the location of the top terrace. Due to variations
in topography on some fields, it may be found that the top
terrace, located as suggested above, will not be as near the
recommended spacing in all parts of the field as would be
desired. For this reason, it 1s important to check the loca-
tion c¢f the top terrace before proceeding with the laycut of
additional terraces. To accomplish this, measure the 1land
slope from the top of the ridge to the first terrace at addi-
tional points in the fields Compute the recommended vertical
interval or surface distance.for terraces on these slopes.
Measure either the vertical 1interval or the surface distance
between the top of the ridge and the top terrace at the points .
where the land slope was measured and compare this with the

recommended interval or distance.

7. Shift the location of the top terrace, if necessary, to

. glve -a more desirable spacing. In some cases, the top terrace

mé& be moved downslope to give a more desirable spacing in some
§eccions>of the field, even though this may result in a spacing

/théc 13 wider than recommended in another section of the field.
" A somewhat wider spacing above a certain section of a terrace
'13 permissible if the area involved is limited. In general, if
: tﬁe ﬁopography of the area is such that the runoff water can be

spread over a wider area rather than being concentrated, and

the wide spacing 1s usually near the upper end of the terrace.

8. Meaaﬁre the slope of the land draining into the second

~ terrace. A sufficient numbgr'of slope readings should be made

to determine the average slope of the land draining into ' the
gecond terrace. If the terrace 1s short ahd‘the‘slope“unifotﬁ,‘

one reading would be adequate. = If, hdﬁever;'the‘terrac€ iq‘
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long and the slope irregular, several readings will be nec‘ol-’

sary to obtain an average.

9.  Select the vertical interval for the average slope. Use
the average slope and substitute in the applicable equetion
for VI.

10 Locate the first stake on the second terrace at the given
vertical interval below the first terrace. If the second
terrace will be the‘same length as the first terrace and is to
be staked to the same gfade. the vertical interval between the
two terraces will be the same at all points along them, in
which case, the first stake on the second terrace can be
located below any point on the first terrace. If the second
terrace is not the same length as the first one, then judgement
must be exercised 1in selecting the firat point on the second
terrace so that ’the. most desirable spacing between them is

obtained.

11.  Stake out the terrace to grade.

?@i?cﬁ Additional terraces are located in the same manner as the

'*second'terrace.

It can be observed from the above comparisons that the terraces
are closer together than recommended in that section of a field with
{ﬁe;opes greater than the average, and are farther apart than recom-
f?meneed in that section of the field with slopes less than the
,average- This variation in terrace spacing in different sections of
: the field results in 1) point row areas between terraces, thus,

increasing the difficulty of farming the land; 2) increased diffi-
| culty of farming between the closely spaced terraces on the steeper
elbpes; and 3) increased erosion between the widely lpaced tetrlees¢
on the flatter slopes. Also, if a unifotn depth of eut 1l Ild.

terraces will usually be quite crooked. -
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Diversion draine or channel terraces, if marked out strictly on
grade, will have many wiggles and irregularities at localized low or
high points. Since these will be a nuisance both in construction .
and in later fasrming operations, any straiéhtening out éill be
desirable. It is in order to do some adjusting provided the'changes
sre explained and understood by whoever 1s going to construct the
terraces. A contour-line passing through a small local depression
will bend towards the uphill side, and the kink may be straightened
provided the bank 1s specially raised and straightened at this
point. When a staked line goes over a high area it will bend
towards the downhill side. In this case, the line can be straight-
ened 1f the channel is cut extra deep at this point. In such cases,
a diagram and clear dimensioned sketches must be given to the person
responsible for constructing earthworke. Even on the fairly even
land it is sometimes desirable to move the stakes to glve a better
layout, and the distances which stakes can be moved laterally on

different slopes are shown as follows:

Lateral Adjustment of Stakes

4 o Tol o
 Slope (%) 25 mm 50 mm 100 mm_
l" 2.5m 5m ' 10& o
2 l25m 2.5 m 5m
3 0.833 m 1.67 m . 3.33m
4 0.625 m 125 m 2.5m
5 10.500 m. 1.0m. "2.0m
0.416 m © 04833 m  1.67m

. For a carefully graded iftightion canal on a gentle grade, the
maximum departure from grade would be 25 mm. The tolerance of 50 mm
would be appropriate for a terrace channel, and 100 mm for a large

diversion drain.
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Parallel Terraces

The adjustments just discussed ebove will reduce aminor local
irregularities, but unless the land is even there will still be
large variations In the distance between terraces. In the case of
broad-based terraces which can be crossed by tractors and imple-
ments, this is a minor disadvantage, but on steeper slopes or when
the ridges or risers cannot easily be croaaed.'this becomes more
serious. Short rows in the odd segments between terraces reduce the
efficiency of mechanization, and the extra turning in limited space
18 likely to cause damage to the banks. If the odd areas are left
uncultivated, this is both a waste of land and a breeding ground for

‘weeds, insects, etce

In some cases, it is possible to avoid these difficulties by
conotructing-the terraces parallel to each other. This can be done
fdf;rhe channel gradation is allowed to vary from the design gradient
-in'eone places-_'A smooth curve 1s preferable. Smooth curves also
can be obtained by increasing cut and fill areas. It is, therefore,
possible to straighten out terraces into regular parallel patterns,
but on1y .at the sacrifice of having more terraces or larger ter-

races._

:Thé‘leyout“of parellel systems is a trial and error process.
dn be. done in the field, but is usually easier in the office on

i
4

conton"map.: First a "keyline" is selected by eye and drawn in,
hi ‘19 the smooth line of a channel following a line thought to
, ypical for that part of the field. The distance between paral-
1e1 terraces must be less than for normal layouts, and a commonly
used figure 1s two-thirds of the normal length, and that the grad-
ient 18 nowhere excessive. The maximum permissible gradient can be

found from Manning’s formula.




Further parallel lines are then drawn in and checked. Whén a
line is unsatisfactory because it has an uphill grade at some point,
or is too steep a gection, then it 18 rubbed out and a‘ﬁéwfﬂéyline
is drawn in its place. Next a new set of parallel liges‘are laid

off from the new keyline, and checked as before.

The final result is several groups of parallel terraces, each
group following its keyline. Bven with this system, short rows
(called point rows in America) are only reduced, not eliminated,
because there are still some odd shaped areas in between. ' One

solution is to put these areas into permanent pasture.

The design, layout and construction of parallel systems 1is
considerably more complicated than conventional uniform gradient

channels. but the advantages make them well worthwhile.

""IerraCes should be made parallel with 1loug uniform curves
whenever practical. This 1is extremély important for mechaﬁized
agfichlturé; as the trend is to narrower rows and wider equipment.
Edlloﬁihg are some of the practices that may be used to 1mprove‘
jalignméﬁt;“feduce curvature, decrease the area of point rows (short

rows), and improve the farmability of a terraced field:

iféu?fééé*ié’tqugh‘and irregular, terrace layout will be improved .
{if ‘earth from the ridges is used to fill in depressions. This

ﬁihhdfémOOChing will also reduce the concentration of runoff

;f553pé’6f smooth land prior to construction. If the land

?bé;ﬁeen terraces, and will make it easier to farm the land

‘‘after the terraces are constructed.

The amount of shaping and smoothing that ié done prior to‘
 tetrace construction depends on the depthbof the soil and the
Jambunt of money that will be spent. On shallow soils, the

extent of land shaping 1is limited, since ﬁuch of the topsoil
_may be used to fill depressions. On'these soila. it may be
‘more desirable to make deeper cdtq in the terrace .channel
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d'uring conatruction and use this subsoil to f£111 the deprsl-
sious in the field between terraces.

2. Use good Judgement in selecting location and nu-ber of
outlets. In’ general, ‘the grester the number of outlets used,
the easier it is to make the terraces parallel. IHowever, if
grassed waterways are used as outlets, the additional outlets
will take land out of production and interfere with the opera-
tion of farm machinery.

- The type of soil and the cropping system to be folli.:wd
must be considered in selecting the outlet location. Consider
the following situations: ‘

. @« . A farmer grows only row crops and has no need for
* the forage produced in a grassed waterway. His soil is
. relatively deep and productive. This man would prefer to
" have a limited number of outlets and improve the alignment
"between terraces by a greater variation in cut {in the

Y terrace channel.

b- ‘. A 1livestock farmer can use the forage produced An
the waterways. Hie soil 1is relatively shallow and the
subsoil unproductive- .This man would prefer to have
additional grassed waterways and improved the alignment'
‘.fﬂbetween terraces by varying the grade in the terrace

‘channels.

On any field a number of alternatives should be considered
TLin erriving at the number and location of outlets that will

"produce the best system of terraces.

5. ) Use narrow ‘ridges with ﬂat slopes ag turn strips. If
.' “'terraces are staked to carry water around a narrow ridge with a
slope much less than the rest of the field, there vill be sharp
turns in the terraces with' large areas of point rows betveen.'
them. Whenever possible, the system should be plsnned %0 the
terrsces will drain away from the ridges. L
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‘4. Plan fence and outlet locations to‘facilitaté farming the
terraces. Terraces are more farmable if they approach a fence
or an outlet at a right angle. In some cases, terraces can be
made parallel to fences or property linea. this will eliminate,

odd areas and point rows.

5. Shift the location of terraces. To reduce the curvature
of terraces and make them more nearly parallel, it is necessary
fo shift sections of terraces up or down the slope. The
1oéation of graded terraces can be ahiftéd by varying the depth
of cut in the terrace channel, varying the grade along fhe

terrace, or by a combination of these two.

In general, varying the depth of cut 1is more effective in
moving short sections of a terrace up or down the slope to
reduce the'sharpness of curvature. Varying the grade along the
teftace-is a method used to shift longer sections of a terrace

up or dovn the slope to make terraces more nearly parallel.

When it is necessary to vary the depth of cut, earth is moved
;ftom the sections of greater cut to those of lesser cut to maintain
wthe tertace ctoss-section- The allowable range in the depth of cut
'will vary with the t:ype of soil, the type of equipmeut used in
fconattucting the tetrace, and the amount of money that the indivi-

“dual’ ia willing to spend.

The extent to which the curvature of the terraces and the point
row. area between them can be reduced will vary with the topography,
‘1tﬁé;type of soil, the type of‘equibment to be used in construction,
and the amount of money to be spent on construction. The greatest
iinptovement: can be made on fields which have\v relatively uniform
topography,moderate slopes and a deep permeable 9011- Houevér.-some
improvement can be made on any fiéld; the amount will be influenced
by the crops to be grown in the fieldi Many farmers would be
willing to spend more to have unifornly spaced terraces with‘iittle |
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curvature in a field to be farmed to row crops than they would in a-
field of upland rice. ‘

Whenever possible, uniform spacing between terraces should be
obtained by varying the grade, as this will result in very little to
no extra cost. Whenever the depth of cut is varied, the cost will

be increased because of the additional earth movement.

One additional tectnique that can be used to shiEt the locstion

‘of level terraces to make them parallel is to split the terraces

into segrents that are on different levels. The terrace will be

" continuous, with the different segments separated by channel blocks

to prevent water from flowing to that segment of the terrace on a

‘lower level. This technique makes ii possible to shift a terrace
away from the true contour in order to make it parallel to another

~ terrace. It also prevents excessive earthmoving that would be:

' necessary to bring the entire length of terrace to the same level.

The channel blocks should be made with flat side slopes so that they\

can be farméd.

QGood planning and layout cannot be overemphasized. The additiohsl
time that may be required to make the best possible layout -will be- repaid4

."many times bykthe reduction‘inucost of construction.,

Additional aids An designing terraces are’ presented in Annexes D-l

_through D-4.

.Constructioufof'Terraces-,f

Terraces ‘must be properly constructed 1f they are to control erosion.
- 'and not unnecessarily interfere with farming operatfons. Various kinds'

'of‘tools orvequipment can be used. In general, there are three methods -
used for construction: 1) manual labor, 2) draught animal tools and -
3) machites. Manual labor is limited to the steep areas or narrower

terraces. Machinery should be limited to small- to medium—sized equip-~
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ments Unless there is a definite expercilé in the use of mechanical
equipment in terracing and land leveling, iit should not be used in
terrace construction. Poorly used construction 2quipment will cause more
erosion and problems than it will ever prevént- For this reason, mo
additional discussion will be made on mechanized terrace construction,
this includes broad based or other types of conservation terraces for

which it is well-suited.

Terraces should be constructed when the land is neither too dry or
too wet. This will allow better compaction in the fill areas. The
initial cut should be made right below the top, or cut stakes. Fill work
should Be started against the bottom stékes- By doing so, the fill
" gection will reach the desired grade without over-cutting. Rocks can
sometimes be placed along the bottom 1line, although it 1is generally
better to save the rocks for use in water control structures, unless they
are plentiful in the area. Terraces should be constructed in 10 cm lifts
with each 1ift being firmly compacted before the next 1lift is placed.
When a 1lift (£111) 1is too thick; it cannot be properly compacted.
Terraces golng acrose exiéting depreseions should have particular care

taken in their construction and cbmpaction.

4Whehv:consttucting terraces in shallow 3oils, where unfavorable
'auBéoil”ia"ékpoaed.dUring construction of the terraces, it may be desir-
abie;;q;hcohkpile topsoil and later spread it over the exposed subsoil
"a:eab;ﬁwﬁheh‘theutopsoil treatment is practiced, it may be necessary to
build ferradea‘from the bottom up. Temporary protection measures should
',theh; be practiced, ‘particularly with respect to removal of surface

tunofff

" If a new artificial waterway is required, the technician must
detefmine whether the waterway must be constructed and adequate vegeta-
tive cover established before terraces are constructed. Where it 1s
determined that the waterway must be vegetated first, the terraces should

not be constructed until this has been accomplished.
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In general, terrace construction begins with 'tho' top-moet
terrace and at the point of outlet. After the nurvoyip' and ogaking‘
have been completed, the following steps are suggested: o

Step 1

Bench Terrace No. 1 (top-most terrace): prepare the site for
construction by removing from the topsoil all live and dead vegeta-
tion. This debris must not be included as fill material in terrace
construction. Including this vegetative debris in the £fill would
make it difficult to compact. It would result in poor bonding of
the £111 to the subsoil in the earthfill and excessive seitlements.
This would cause earth slides and inzreased seepage of wuter through
the riser. Do not disturb the stakes set by the survey crew at the
time the vegetation and debris are being removed. The stakes must

be in place until each portion of the terrace is completed.

When practical and not time consuming, a narrow Bed of sod,
about 5 cm in width, should be temporarily left along the "zero"
line of the terraces to indicate cut and fill areas. This will help
the laborers in making better excavation and f{lling. This sod is

to be removed during the last touches of levelling and compacting.

Step 2

}On‘thg a:epwto be filled, scarify (rough-up) the surface with a
hoe ‘80, a good bond will be obtained. '

.Step 3

Riser slopes: wuse a simple wood frame, Figure D-14, to give
correct slope to risers. Using the wood frame, align two bamboo
pegs on horizontal centerline for correct rizer slope by using a
plumb bob. Then drive the pegs intv the ground 30 cm deep. The
pegs should be 2.25 meters long for a 2 meter bench. These markers
will guide the laborers in alignment of correct riser slope. Do not -
remove the bamboo markers after the first segaent of terrace and

riser are completed.
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 Step 4

Proceed making fill from cut area. The subsoil must be placéd
in horizontal lsyers and wedged into scarified marks :in layers not
more than 10 cm deep, and compacted by trampling or tamping with a
beater. A thin strip, 6 cm, of topsoil 1is placed on the outside
edge of the finished riser would help in the eatabliehment of grass

or vegetation on the riser (Figure D-15).

Step 5

The area immediately below and including the 1lip should be
filled with subsoil. This should discourage planting crops too near
the ridge and destroying the 1lip of the terrace.

Step 6

Waterway shaping and terrace channel work should commence only
after the terrace 1s cut. Be sure that all terrace channel outlets
are higher than the waterway bottom to ensur: that flows do not

back-up onto the terrace.

_Steg 7

Proceed to the next segment as outlined in Step 1 through 6,
until the top terrace is finished, that is, ending at the ridge top,
or pathway. Pathways on the drainage break need be constructed only
if needed for access to terraces and farming operations. Otherwise,
terraces will butt together at the guidelines. We must accept the
fact that bench terracing is a precision type job. Proper initial
construction will eliminate many repair problems and reduce the

regular maintenance job.
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Construction of terraces uilne draught anmials, be they oxen,
buffzlo or horses and plows, scrapers, frelnoi or other ilplcicntl.‘
require some modification. to design and conltruction techniqucno In
general, terraces will have to be wider, 2,0 m or more, to allow aninals
to turn around, or turn areas will have to be incorporated on the ends of
the terraces. Fresno scrapers require a minimum terrace width of 3.0 m.

Also, fresnos are not suitable for rocky soils.

Plows can be used to turn sod cover so that scrapers can be used to
pick up the material. Animal power 18 normally not sufficient to allow a
scraper to cut through a heavy sod. Plowing will also allow the wet

soils to dry out, as scrapers cannot be used in wet, sticky soils.

Scrapers (Fresnos) are loaded at the high point of the cutting aréa,
and as soon as they are iilled turn phe animal at once and dump the soil
parallel along the fill stakes. The terrace is constructed from the fill
line uphill, as was done by hand methods. Tetter efficiency can be
obtained if cutting and filling operatidna are done by turning the animal
continuously without stopping. The use of draught animals accomplishes
two things: !) it allows faster construction and 2) it makes it easier
to build parallel terraces and wider terraces because haul distances for

-cut and f1ll operations can be increased over those where hand methods,
i.e., head baskets, are used. Disadvantages to the use of draught
Hanimals 18 that the terrace widths must be wider and, hence, the terrace-
'ablé.glopes are reduced to 35X or less. Practical considerations would
;é@trfhe.ubper 1imit at about 25% slopes. Compaction of £fill is a prob—

lem.

‘The use of modern construction equipment is also limited to slopes
of 25% or less.

The productivity of manual laborers varies from 6ne area to another.
Experience ghows that daily hire labor can move fro- 1.75 to 4.0 n3 in an
8-hour day. 'Needless to say, local production ratea luat be inveltigatedf
and established since a 4-fold variation cannot bc absorbod 1n contin; '

cies. Farm labor working for itself, even on a community or. Bhlt}¢bllill

" 1s more productive than daily hire labor.
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'A tesam of 3 men on narrower terraces and 4 men of wider oneo} vill be
a good unit for efficient terracing work. As the work proceeda, neverai
teans can ‘be emloyed to work on sub-watershed units. Stonej or ‘rocky
aoil will require additional labor to move the rocka, or a reduction in

the individual productivity will result.

Inspection of Finished Terraces

Each segment of the bench terrace must be checked as it 1s com~
pleted. There is no better time to make corrections; earth availability
is the handiest and nearest to make additional fills, if needed. High

and low points should be marked witi, pegs and proper corrections made.

In checking bench terraces, the riser and outer area of bench and
lip are the critical points, and must be constructed to proper slope and
elevation. Terrace checking is as important as the laying out of the
bench terraces. As in terrace layout, the important task should not be

delegated unless the checker has proven competence.

.Access to Terraces

Roada or other forma 'of access are essential and required for a
terracing program- No attempt: is made herein to design access roads for
vehiclea or animals. Mechanization, 4-wheel tractors, require road
widths of 3.4 m, while animals or 2-wheel tractors require about 2.0 m.
The maximum grade for 4-wheel vehicles is 12 to 14%, and 27 to 30% for
animals. Bench terraces can be used for roads. If the benches are wide
enough far U~turning, only a single access road is required for each "

terrace, otherwise, turning facilities are required.
Generally apeaking. mechanization requires about 200 m* ‘ of road per

hectare, even 1n rugged and steep terrain. 'l‘hia ‘can be reduced to 100

to 150 m for animal-powered systems.
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Where possible access to terraces shculd be made at the ends of the
terraces. This is usually relatively easy wvhere single ownerships are
involved. Hhere‘ovnerships are small and, thus,'there will belseveraiv
owners to each terrace system (sub-watershed, etc.), difficulties are
often encountered. ' One method that can be used to solve this problem 1s
to build the access paths along the vertical property lines (boundaries),
taking a little land out of production from each owner (operator). A
footpath should be roughly 50 cm wide, while animal paths (without
carts, etc.) would require about 1.0 m« An example of this 1s shown in
Figure D-16. The importany item to remember is to provide drainage under
the path. This can be accomplished by using giant bamboo tubes or clay
or concrete tile sections. Paths can be constructed on the riser lip by
widening the 1lip to 50 cm, and raising it another 5 to 10 cme Paths
should have a slight concave shape when perpendicular to the hill slope,
and should be cambered to drain into the terrace when situated on the
lip. 1If the paths become steep enough, they may tequire the construction

of steps.

ProtectiOn Measures on Newly-Built Terraces

Protection measures on newly constructed terraces, waterways, access
roads, and, thereafter, the maintenance of these items are very essential’
to the success of a terracing program. A major area of concern will be
‘the settlement of the fill sections immediately after construction, and

the protection of terrace risers, waterweys and road banks with vegeta~

:Fﬁona;

Risers must be protected by planting a permanent~type sod grass-
legume mixture as soon as the earth placement on the terrace is com~
Pleted. Sod strips should be used on the risers, on pathways and slopes
for soil conservation purposes. Legumes may be seeded in between the sod
.vstripsbafter the beginning of the rainy season. Stylosanthes gracilis
and/or ‘Centrosema Pubescens may be planted between the sod strips.
Attention should be given to the method of sprigging and seeding of the
1lip, riser, pathway and the slopes joining the pathway and riser.v‘
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Vegetative planting may be needed on the outlet edge of the terrace where
it spille into the natural waterway. Plans should be madé in advance for
adequate supply of sod, sprigs and/or seed for all these plantings.
Only sod grasses und legumes should be considered for these plantings.
Non-sodding -grasses are definitely nét suitable because they grow in
bunches and are tall-growing, and would shade the crops planted on ’the
bench, resulting in decreased yields. Also, frequent mowing of tall
grasses, if planted, would reduce the vigor of the grasses planted unless
heavy application of fertilizer 1s applied, and the effectiveness in

erosion control on the riser.

After the bench system 1is cozplzied, and during the first rainy
season, the farmers should constuntly observe (inspect) the benches, and
take immediate corrective actions should wesk points eopear. Even with
the best construction methods, some uneven earth settiement will take
place when exposed to heavy rains. Should low spots or high spots
develop, care should be taken to relieve the problem area by making a
temporary ditch to connect up with the drain next to the riser. The low
and high spots should be marked with bamboo pegs. After the wet season
crop has been harvested, and before t:hé land 1s prepared for the next
crop, the problem spots ahoqld be corrected. Care should be taken so

that rainwater does not accidentally overtop the lip of the terrace.

The revesetation of waterways and other diat:urbed areas will be

' complet:ed 1mmediat:e1y after those structures are built. It is essential

that t:his tevegetation take place immediately after construction to
protect the soil against water erosion, and to take advantage of the

better seedhed preparation after the soil disturbance.

Growt:h habit characteristics of grasses and tolerance to problems

. such as soil acidity, low phosphate, calcium and potash, with highv

aluminum and maganeaee, are very important in revegetation. ~ Also, the
forage production, palat:abilit:y and nutritional value of grasses and
legumes used in the watershed will be of great importance. ALl these'
factors will determine the criteria by which grasses ahd legumes will be

selected to perform different fuuctions in the watershed, such as: .
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Lo For watervay atabilization rhizouatoul. atoloniferoua and sod-

forming types of grasses are required.

2. For terrace riser stabilization use a aod-forning short grass,
to avoid shading the cropa-‘ However, the rhizomatous and stoloni-
ferous grass species would be undeairable for this particular use,
since they could become a weed problem in the ‘tillable area of the

terraces.

3. For a productive fcrage grass under a forest or tree canopy,
good palatability and high nutritionai value are desirable. It is
important that these grasses grow well under heavy grazing or
mowing, and' that they are able to tolerate some shading.

Legumes are also recommended to be used 1in association with grasses

;'for all'of the above conditions. The main function for the legumes 18 as

| a N—fixer to build up the soil nitrogen, and for increasing the protein

, value of the forage for livestock production.

Graea monocuiturea should alao be avoided for protection against

: plant diseaeee or inaect infection.v Fbllowing is a suggested 1list of
graesee”and ‘lepumes’ that can. be ueed for different stabilization pur-

ﬁposes.'

For Waterway revegetation. :
:fBahia grass (Paspalum notatum)
;;Kikuyu grass (Pennisetum clandeetinum)
tiSetaria grass (Setaria sphacelata)
'fPangola grass (Digitaria decumbena)

For Terrace Riser Stabilization:
" Bahia grass (Paspalum notatum)
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80:0:1: grall (Setaria lghncelata)
Guincn grno. (Panicu- maxzisum

Legume (Centrosema pu beicénl) ’

For Forage Production on Wooded Areas:
‘Guinea grass (Panicum maximum)
Blephant grass (Pannisetum Eurgureum)
Kikuyu grass (Panniaetum clandestinum)
Setaria grass (Setaria sphacelata)
Pangola grass (Digitaria decumbens)

Kudzu (Pueraria ghaaeloidea)
Centro (Centrosema Eubeacena)

(Calopogonium mucunoides)
(Centrosema plumieri)

(Psophocarpus palustris)

'Following 18 a quick check list of areas requiting protection upon

completion of normal conetruction.
Terraces

1;;T After the risers are propetly shaped, grasses should be
tplanted or hydro-aeeded on the risers. Locél grassec of
rhizome-type are much more desirable ‘than tall grasses, al-
though ‘the latter may produce forage for cattle. Use atones

'fo: protecting risers, 1f available.

7i; . The terrace outlets, which are always critical, should be
”well ‘protected either by sod-forming grasses or by small checks

.:(uaing rocks or pieces of brick to from a check) «

3. On that part of the bench where the atepped waterway 1sf'

crossing, grasses should also be. eatabliahed-
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4. Auxiliary conservation ‘treatments or grasses should be
well-ustablished between the discontinuous-type of terraces.

Haterwazs

1. In most cases, grasses are planted to protect the chan—
nel, or part of the channel. 1In the rainy season, mechanical
support is sometimes needed, such as using pegs to anchor sods

or mulching for seeding during the initial srage.

24 Waterways should be protected from other use such as

'peths, or for transporting materials.

" Roads

.;1- Unstable rqad banks should be protected by various
‘ methods,' i.e., wattling and staking, sodding or ' hydro-

fﬂeeeding,.etc.

.“2;" Steep road surfaces should be protected either by grass,

f&marl or stones iIn any case, cross-drains are needed. The

;5distance between two drains can be’ decided by the following

‘ombir tion of grass and small, loose rock checks.-

17



Maintenance of Terrace Systems

Adequate maintenance to retain the ridge or riser height' and shape
1is absolutely necessary for proper functioning of terraces. Erosion by
normal tillage operations tend to fill terrace channels, reduce bank
slopes and eliminate the terrace lip. Terrace channels should be re-

shaped after eaéh'crop to assure adequate drainage.

This subject can be very elaborate. However, only a few cautions
are mentioned at this tiue. Terraces must be kept in good condition
year-after-year if they are to serve for crop production and soll consger-
vation purpodes. Water must not flow over the riser. In addition to
regular maintenance of risers, 1lips, pick-up ditches, waterways and
backslopes, which are usually disturbed during farmiﬁg operations,
requires a careful periodic inspection of the terraces. During the first
year after the terraces are built, they should be thoroughly 1inspected
every few weeks, especially during the rainy season. It 1is also neces-
sary to inspect the terraces after heavy rains and immediately repair any
breaks, low spots or glogged waterways, and any possible erosion‘condi-

tions.

Ctopa should be‘planted parallel to the -edge of the riser, where

praccical, as 1t is easiet to maintain the backslope than when crops are -
.planted perpendiculat co the riser. The rows parallel to the riser also
allow “for. longet cimea .of concentration for 1infiltration of excess

tainfall, ‘thus increasing the overall soil moisture level.

Once the terrace system has been estaplished and soil settlement 1s
stabilized, the potential for major terrace problems are minimal-‘
However, regular inspections must be made by the farmers for rodent
burrowé, especially before the rainy season. These burrows or ant holes
should be tamped shut with soil fill material. Thé latosol soils, when‘
dry, develop large "cracks". The "cracks" ﬁay permit water to tunnel
through the terrace risers, causing very severe damage to the terrace
systeme At the start of the rainy season, the farmer must be careful to
inspect for tunneling in his terraces, and make immediate repairs. As

the old saying goes, "Prepare the umbrella before the. rains come



The practice causing the greatest trouble in terrace -aintenance is
that the farmers clip or cut the grass protecting the riser too short.
Nearly all farmers use a machete to cut this grass, and usually it is cut
to where it ie only 1 centimeter long. For many species of grass, this
is too short, and it is difficult for the plant to vegetatively"recovef
rapidly. Where the grass on the riaer is to be used for animal fodder it
should be cut at least 5 cm above the soil surface to facilitate rapid
re-growth. During the wet season, fodder grass could be cut every

45 days, depending upon the variety grown.

It is estimated that it will require about 32 man-days.per year Eo
maintain one hectare o{ bench terrace. If the risers are used to produce
fodder then this number can be reduced to about 16 man-days. It is
difficult to estimate the time necessary for maintenance, as it should be
.done as soon as repairs are requirede The farmer cannot wait for some
predetermined time period to make repairs because by then what was a very
small problem could become very large. Water acts very rapidly in

destroying terraces, or causing excess erosion.

, Some guidelines for maintaining bench. terrace systems are provided'

as followa'

- Terraces'.:

RLpart of the terrace.

:“B{' Allow: all runoff to collect at the channel drains
'!for 'safe disposal to the protected waterway. Obstacles
},like continuous mounds or beds should be broken to permit

water to pass to the drains.
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2.

3

‘€e  Keep grasses and weeds avay from the benches.

d. Maintain proper reverse slopes on the benches or
basins, and reshape them immediately after cropse are
harvested. Plowing should be carefully done so as not to
destroy the channel drains and the reverse grade.

For Risers:

ae Do not allow any runoff to flow over the risers.
b. Keep the riser surface protected with grass. Weeds
and vines which threaten the survival of the grasses
should be cut back or uprooted. Grasses should be kept

reasonably low and fertilizer applied 1f it is needed.

c-_ Any small break or fall from the riser should be

Jimmediately repaired.

,‘eating the zrass.-

- For Outlets:

2 'whether' they are ade-

n’ €% outlets should be

removed.

“Fo¥ 'So11'Productivity:

Deep plowing, ripping or sub-soiling ie ‘needed on

“the cut part of the benches to improve the structure of'

the soils.
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b. Green manuring, composting or sludge application is
also recommended, especially in the initial period for

L

improving soil tilth, soil feftility and soil moisture.

Ce Maintain soil productivity by proper crop rotation

and fertilizing and use of compost or green manures.

Haeetﬁaxs

»,1. Keep Lhe water flowing thtougﬁ ‘of over the waterway
_/etructures instead of going around or underneath the structure.

i Any detectable breaks ahould be immediately repaired.

2.  Brush or large weeds should be removed before they shada
out’ the grass. The whole waterway. should be kept in dense and

low grass cover and as uniform as possible.
1fa3.ilv Structures should be checked as often as necessary but at&
ﬁgleast twice a year, before the onset of the rainy season and’ "
‘after ‘the raine- Any minor cracks, tunnels and breaks around '

or on: the structure should be repaired.

frlk Remove :sediment trapped in the stilling basins. Silt can ‘

'be put bacx on‘the terraces.

@5;5;;;Keen'efnnee'pfbpetly fastened in ballasted watervays.

"1- ‘Maintain a proper profile of the croas-dtaina and remove:

" 8ilt and sediment from the drains after heavy rains.

2. Prevent use of the roads by heavy vehicles or tractors

when they are too wet or soft.
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3 Culverts and side ditches should always be kept open.

4. Reshape road surface 1f there appears to be track erosion

either by wheels or by animal hoofs.

Costs of Terracing

' The costs of terracing per unit area depends on slope, soil, type of
terrace, width of bench, presence of rocks or tree stumps, and tools to
be used. If the width is fixed, the steeper the slope the more expensive
the terracing work will be. If volumes to be cut are the same, machine-
built terraces are generally cheaper than labor intensive ones, but the
typg_pf ;qag’and'waterway required for mechanization may greatly affect

the toral coste.

Table D-1 presents examples of volumes of soil to be cut and filled
per hectare and per acre for one kind of terrace, bench terraces. The
equation for calculating the volume 1s shown in Figure D-3. In design
and construction of terraces, the volume to be cut sho ;1d be equal to the
£111 so that no extra soil 1is needed to be borrowed, or excess soil
- disposed of. In calculating the volume, therefore, only one part, the
cht part, needs to be calculated. Figures D-17, D-18 and D-l9 can be

used for estimating purposes.

Once the volumes are calculated or found from the specifications,
Table D-1, the cost of cutting various types of terraces can be readily
obtained from the following equation:

v
c T x R

= Cost of cutting terraces.
= Volume of cut and fill.

Where:

C
v
T = Output per man-day or per machine-hour.
R

= Wage per. man-day or rate per machihe-hour.
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77 The output per man-day or per machine-hour depends on the site,
efficiency of work and tools to be used. On the average, a man with hand
tools can cut and f1ill 4 n3 in one day (8 hours); a D=6 bulldozer can
build 42 u3 an hour; and a man with draught animal tools (plow and Presno
scraper) can cut an fill about 16 m3 per day. Care must be taken in
costing draught animals because many animals only work an half-day

- (4 hours). The draught animal rates may or may not include the handler.
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TABLE D-1

SPECIFICATIONS FOR REVERSE SLOPE TERRACES

¢ = 30 cm: bl = 55 cm: bz = 20 cm
S, =55 =200%: S, = 5%
-Sl Vi HI h . ﬁi. W K1 KZ b4 ‘b a H; ;e ;c
(%) (cm) (cm) (cm) (em) (cm) (cm) {(cm) (cm) (cm) (cm) (cm) (m"/ha) (" /ha)
15 60 400.00 27.75 13.88 3542.24 4.50 17.11 18.15 333.70 185.00 258.70 6,467.50 776.90
(8.5°) 80 533.33 37.75 18.88 4€5.57 4.50 23.28 24.70 453.93 251.67 378.93 .7,104.98 1,077.83
i90 666.67 47.75 23.88 588.91 4.50 29.45 31.24% 574.19 318.34 499.19 7,487.81 1,380.07
120 800.00 57.75 28.88 712.24 4.50 35.61 37.78 694.44 385.00 619.44 7,743.00 1,681.60
150 1,000.00 72.75 86.88 8956.24 4.50 44.81 47.58 874.84 485.00 799.84 7,998.40 2,134.69
180 1,200.00 87.75 43.88 1,082.24 4.5C 54.11 57.40 1,055.20 585.00 980.20 8,168.33 2,588.38
-;20 60 3060.00 27.00 13.50 242.00 6.00 12.15 16.54 236.92 135.¢45 161.92 5,397.33 670.13
(11.3°) 80 400.00 37.00 18.50 333.0¢ 6.00 16.65 22.656 324.68 187 00 249.68 6,242.00 943.23
v 100 500.00 47.00 23.50 423.00 6.00 21.15 28.79 412.42 235.60 337.42 6,748.40 1,217.68
120 600.00 57.00 28.50 513.00 6.00 25.60 34.91 500.18 285.00 425.18 7,086.33 1,493.96
150 750.00 72.00 36.00 €48.00 6.00 32.40 44.10 621.80 360.00 556.80 7,424.00 1,905.18
180 900.00 87.00 43.50 783.00 6.00 39.15 53.29 763.42 435.00 688.42 7,649.11 " 2,318.13
- 25 80 321).00 36.25 18.13 253.74 7.50 12.69 21.30 247.40 145.00 172.40 5,387.50 844.29
(14;0°) 100 400.20 46.25 23.13 323.74 7.50 16.19 27.17 315.66 185.00 240.66 6,016.50 1,100.06
120 480.00 56.25 28.13 393.74 7.50 19.69 33.05 383.90 225.00 308.90 6,435.42 1,355.52
150 600.00 71.25 135.63 498.74 7.50 24.94 41.85 486.30 285.00 411.30 5,855.00 1,739.96
180 720.00 86.25 43.13 603.74 7.50 30.19 50.67 588.66 345.00 513.66 7,134.17 2,125.00
- 30 100 333.33 45.50 22.75 257.83 9.00 12.89 25.97 251.39 151.67 176.39 5,291.75 1,004.72
(16.7°) 120 400.00 55.50 27.75 314.50 9.00 15.73 3:.68 306.64 185.00 231.64 5,791.00 1,245.68
. 150 500.00 70.50 35.25 399.50 9.00 19.98 40.255n 389.50 235.00 314.50 6,290.00 1;608-02f3
180 600.00 85.50 42.75 484.50 9.00 24.23 48.81 472.38 285.00 397.38 6,623.00 1,970.91
35 120 342.86 54.75 27.38 258.10 10.50 12.91 30.60 251.66 156.43 176.66 5,152.54 1.isz.id
"(18.39) 150 428.57 69.75 34.88 328.81 10.50 16.44 38.99 320.50 199.29 245.59 5,730.45 l.Q!Gle‘
o 180 514.29 84.75 42.38 399.53 10.50 19.98 47.37 389.55 242.15 314.55 6,116.20 l.,‘ﬂg‘!&;



TABLE D-1
(Continued)

SPECIFICATIONS FOR REVERSE SLOPE TERRACES

¢ = 30 cm: b1 = 55 cm: b2 = 20 cm
52 = S3 = 200Z: S4 = 5%
'8 VI HI h b_ W R, K, b, b & W A, vc -
(¢9) (cm) (cm) (cm) (cm) (cnm) (cm) (cm) (cm) {cm) (cn) (c=) (ﬁ‘/hl) (nalha)
40 150 375.00 69.00 34.50 276.00 12.00 13.80 -37.95 269.10 172.50 194.10 5,176.00 1,396.62
(21.80) 180 450.00 84.00 42.00 336.00 12.00 16.80 46-20 327.60 210.00 252.60 5,613.33 1,728.26
45 150 333.33 68.25 34.13 235.07 13.50 11.75 37.06 229.21 151.67 154.21 4,626.35 1,307.20
(24.2°) 180 400.00 83.25 41.63 28674 13.50 14.34 45.21 279.58 185.00 204.58 5,114.50 1,620-65
50 o 180 360.00 82.50 41.25 247.50 15.00 12.38 44.35 241.30 165.00 166.30 4,619.44 1,524.58
(26.67)



TABLE D-2

VALUES OF RUNOFF COEFPICIENT (C)
RATIONAL EQUATION

; C-Values

Surfaces Min. Max.
Roofs 0.90 1.00
Pavements:

Concrete or Asphalt ) .0.90 1.00

Bituminous macadam, open & closed k 0.70 0.90

Gravel, from clean & loose to clayey & compact 0.25 0.70
Earth Surfaces:

Sand, from uniform grain size, Bare : 0.15 0.50

no fines to well graded, some -Light Vegetation 0.10 0.40

clay or silt Dense Vegetation 0.05 0.30

Loam, from clean gravel and Bare : 0.25 0.65

gravel 3and mixtures, to silt Light Vegetation 0.15 0.50

or clay to high clay or silt Dense .Vegetation 0.10 0.40

content

Clay, from coarse sandy or 'Bare 0.30 0.75

silty to pure colloidal clays Light Vegetation 0.20 0.60

Dense Vegetation  0.15 0.50

Composite Areas:

City, business 0.60 0.75
City, dense residential 0.50 0.65
Suburban residential 0.35 0.55
‘Rural districts . 0.10 0.25
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A.

B.

" NOTE:

TABLE D-3

'MANNING’S ROUGHNESS COEFFICIENT

Lined or built-up channels:
Metal, smooth steel
Metal, corrugated

Wood, planed

Wood, unplaned

Wood, plank with battens
Concrete, trowel finish

Float finish
Unfinished

Gunite

Concrete bottom, float finish with sides of:
Dressed stone in mortar
Random stone in mortar

Rubble masonry
Dry riprap

Gravel bottom, with sides of:

Formed concrete

Randor stone in mortar

Dry riprap

Brick, in cement mortar
Masonry, cemented stone

Dry riprap

f@lé@h; excavated channels:
' Earth, straight and uniform:

Clean after construction

Clean, weathered
Gravel, clean

‘Short grass, few weeds

“Earth, small variation in alignment{ ‘
Clean, weathered

Short grass, few weeds
Earth, winding slu;gish:

No vegetation

Grass, some weeds -
Dense weeds, or aquatic weeds
Riprap sides:

Stony bottom, weedy sides

.Cobble bottom, clean sides

Dense weeds, no maintenance
Clean bottom, brush & weeds
Dense aquatic weeds

Lined channel values do not account for aging.

D-87

Normal
n Range
0.012 00011-0-017
0.025 0.021-0.030
0.012 0.011-0.014
0.013 0.011-0.015
0.015 0.012-0.018
. 0,013 0.011-0.015
0.015 0.013-0.018
0.017 0.015-0.020
0.019 0.016~0.027
0.017 0.015-0.020
0.020 '0.017-0.024
0.025 0.016-0.030
0.030 00 020-0- 035
00020 00017-0-025
0.023 0.020-0.026
0.033 0.023-0.036
0.015 0.013-0.020
0.025 0.017-0.030
.0.032 0.023-0.035
0,018 0.016-0.020
- 04022 0.018-0.025
0.025 0.022-0.030
0.027 0.022-0.035
0.024 . 0.022-0.030
0.030 0.025-0.035
0.025 - 0.023-0.030
0.032 0.025-0.038
0.035 0.030-0.040
0.030 0.028-0.035
0.035 0.025-0.040
0.040 0.030-0.050
0.060 0.050-0.110
0.050 0.040-0.080
0.080 0.050-0.120
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CLASSIFICATION OF DEGREE OF RETARDANCE FOR VARIOUS KINDS OF

TABLE D-5

TROPICAL GRASSES

‘Retardance

Common Name

Condition & Heig

ht

Remarks

A. Very High

B. High

ﬁpaéiubdérate

E. Very Low

Pera’
Pangola
Bermuda-
Rhodes
KiKuyu
Guinea
Setaria -

Para
Pangola
Rhodes
KiKuyu
Guinea
Setaria
Napier
Buffel

. Green Panic
.African Star

Al abang X
Grasses in A&B Above
Grasses in A&B Above

Bahia
Buffel

‘Grasses in A,B,&C Above

Grass & Legume Mixtures

Any Grasses
Burned Stubble

Excellent Stands,
Excellent Stands,
Excellent Stands,
Excellent Stands,
Excellent Stands,
Excellent Stands,
Excellent Stands,

Good Stands, Graze
Good Stands, Graze
Good Stands, Graze
Good Stands, Graze
Good Stands, Graze
Good Stands, Graze
Good Stands, Uncut
Good Stands, Uncut
Good Stands, Uncut
Good Stands, Uncut
Good Stands, Uncut

Good Stands Cut to
15 e

Poor Stands, Uncut
Good Stands, Uncut
Good Stands, Uncut

Good Stands Cut to
15 cm
Good Stands Cut to
15 cm

Cut to 2.5-3.5 cm

Uncut
Uncut
Ur.cut
Uncut
Uncut
Uncut
Uncut

d
d
d
d
d
d

10 to

5 to

Height 0.3-0.5 m

Areas that are
too wet will die
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APPENDIX D

ANNEX D-1
PLANNING PARALLEL TERRACE SYSTEM ON A MAP

A topographic map with an l-meter contour interval or a contour
interval equal to the vertical interval between terraces, if less than
1 meter, will be quite helpful in laying out parallel terraces. If a
topographic map is not available, constant grade terraces may be staked
and a map showing their location and elevation should be made. This map
can then be used to plan the layout of the parallel terraces.

The advantage of using a topographic map or a map of constant grade .
terraces 18 that all the terraces on the field can be seen at a glance,
and adjustments in terrace location can be made much faster than would be
possible by restaking the terraces in the field. Also, several tentative
systems may be laid out on the map for comparison much faster than it
could be done in the field.

The following procedure is suggested:

‘1+" Plan the best possible layout on the map. The slope in dif-
fefent parts of the field, or unit, should be determined and the
‘térrdée §pacing selectede The fact that the slope of the entire
aréa can be seen on the map will make it relatively easy to deter-
ﬁihé which terrace, or section of a terrace, would be the best key
tefface fotr that part of the area. Select these key terraces, or
é@éﬁi&ﬁs of terraces, and lay out the others as nearly parallel to
~tHieii a8 ‘possible, keeping the limits of grade and depth of cut.

" THe layout of a terrace plan on a topographic map is 1llus-
trated in Figure D-1-1. The average land slope in the upper part of
ttie field 1s approximately 30 percent, and a horizontal interval of
4.0 m i selectede The land slope in the lower part of the fleld
‘averages 40 percent, go a horizontal interval of 4.5 m is selected,
which increases the vertical interval from 120 cm to 180 cm in order

to maintain the width.

D-1-1



APPRIDIX D

It would asppear that the seven upper terraces can be made
parallele The upper half of terrace 7 shculd be the key. The
gtides in the upper half of terraces 1 to 6 will be greater than the
grade in the key terrace, but wil! not exceed the pernissible grade.
If the upper end of either terrace 1 or 2 had been selected as the
key, the grade in the upper end of terrace 7 would have been too
flat, or the direction of the grade reversed.

The lower half of terrace 4 should be the key for this section.
The slight increase in grade for terrace 1, and a slight decrease in
grude for terrace 7. will bLe required to make them parallel to
terrace 4. It app-~ars impractical to make terrace 8 parallel to

terrace 7.

Whenever it 18 necessary to vary the spacing between terraces,
it should be increase or dccreased in intervals equal to, or in
multiples of the width of the equipment or row spacing that is to be
used in farming. In Figure D-1-1, the spacing betwecen terraces 7
and 8 1s increased from 4.0 m at the lower end to 4.5 m. The
resulting point row area 18 3 m wide. The change from one spacling
to the other should be made in as short « distance as poséible so
that the point row area wi.l be roughly rectangular in shape rather

than a long, tapered triangle.
Terraces 9~11 can be made parallel to terrace 8.

In planning the terrace layout on the map, care must be exer-
cised in that neither the variation in grade nor the depth of cut
will be oxcessive. It is possible to estimate the approximate grade
and depth of cut from the map. For example, in Figure D-1-1, the
steepest grade appears to be in terrace 4. The elevations at‘;he
upper end of the terrace 1s 93.6 m, and the elevation 30 » from ;ﬁ{i
point 1s 92.0, a drop of 1.6 m« This grade of 5.3 percent is not
excessive in this section of the terrace. .

D12,



APPRDIX D

The maximus variation in ecut eppears to be on terrace |
Assuse that a normal cut of 1 @ is made at the point where ¢
terrace crosses the 80 m contour line, the elevation of the chamn
along the terrace at this point would be 79 m. The figures alo
the terrace represent the elevation of the channel, assuming that
3 percent grade is used in the terrace. The least cut will be ma
at A, wvhere the elevation of the ground surface is 78.5 me T
channel elevation 1s 73.4 m. A cut of 0.1 m will be required. TV
greatest cut will be at B. The elevation of the ground surfac
18 79.5 m¢« The elevation of the channel is 77.8 m« The cut wil
be 1.8 m.

2. Transfer the location of one terrace from the map to the field
After the parallel terraces have been planned on the map, one o
these must be staked in the saume relative position in the field
Reference points must be established in the field and on the map s
that this can be done. This terrace must be staked with smooth
uniform curves that will be convenient to farm. It 1s used as
guide in staking the other terraces. Stakes on parallel terrace:
-with an appraciable variation in depth of cut are usually set as !
"to 15 m intervals.

3. Use the step-offset method for staking the curves. This 1is a
simple method to assure that smooth, uniform curves are staked out.
Refer to Figure D-i-2 while studying this procedure. Assume that a
uniform curve 1s to be laid out to ccanect two straight sections of
terrace. Step 15 m from PC, the point vwhere the curves begins, in
linre with the straight section of the terrace. Step sideways a
distance equal to one-half the estimated offset and set stake ].
Step out 15m in line with the two previous stakes set at PC ard
stake 1. Step sidevays a distauce equal to the eotimated offse‘t and
set stake 2. Repeat this process until PT, the point where the
curve ends, 1is reached using the full offset for each stake. If the
curve does not join the straight section at PT with the firnt
estimated offset, another offset distance must be selected nn_d‘tl'go
curve restaked. With a 1ittle experience, it will prove iuy to

closely select the correct offset on the first trial. iy
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This same procedure can be used to stake out a series of curves
not connected to straight sestione to assure that there will bs neo

abrupt change in curvature along the terrace.

A curve with a 7.5 m offset in 15 m wi’' be about as sharp as
can be farmed with modern machinery. This curve will have a radius
of about 30 m¢ To determine the approximate radius, divide 130 by
the offset distance. '

Rodius (me) = %(0.305)- 9.35

Keep in mind, when seiecting the radius of curvature or the
offset distance, that terraces staked out or crop rows planted on
the inside of the curve will have & smaller radlus, aud will bhe more

difficult for machinery operation.

4. Stake terraces so that they are parallel. After a key terrace
has been ataked, adjacent terraces can be staked parallel to it at
the desired spacing. This can be accomplished by two men using a
tape or line of the desired length. Une man walks along the already
staked terrace line, holding one end of the 1line, and checks to
determine if the 1line is perpendicular to his terrace. The second
man holds the other end of the line and moves to the first stake on
the adjacent terrace, point 1 in Figure D-1-2. The man on the key
terrace must be sure that Lhe distance bet:zen the terraces is
measured perpendicular to the key terrace. A positive check to
determine if this is the case 1is made by having the second man hold
his end of the line at the stake just set. The man on the key
terrace moves forward and back along the terrace, 1if the measured
distance 1is perpendicular, he will sving away from his terrace in
the direction of the second terrace on each;side of his mesuring

position.
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Tho second man steps 15 m, keeping a taut 1ine, and the other
walks along the key terrace, keeping it perpendicular to him.
The man on the key terrace will go less than 15m in staking a
terrace on an outside curve, and more than 15 m in staking a terrace
on an inside curve. The man on the second terrace sets the stake,
making sure that the line is taut, and the man on the key terrace
checks to determine if the measurement is perpendicular to his
terrace. This process is repeated for the remaining stakes.

Lay out all terraces with the spacings as indicated on the map.

Field Survey

The layout of a: parhllel terrace system in the field is more or
less a "cut and try" procedure. It is usually necessary to adjust the
location of the terrace lines several times to obtain the best system.
The amount of adjustment often depends upon the experience sf the layout

men and the topography of the field (Figure D=1-3).

1. Stake out the top terrace. In staking the top terrace, follow
~ the procedures given for nonparallel terraces. The location of the
‘top terrace will probably be changed somewhat later if it is not

selected as the key terrace.

2 Space the remaining terraces. Determine the average slope of
ithe area that will drain into each of the remaining terraces.
lSelect the spacing for each terrace. Mark the location of each with
a single stake. These stakes should be set where the land slope 1is

" about average and near the center of the field, if possible.

'3, Select the key terrace. This'tefrace, or Bection of terrace,
should be so located that sevetal terraces can be made parallel to
it. The location of the outlet and the topography of the field uuot

_ be considered in selecting the key terrace. The follow;ns pointl‘
will be helpful in selecting the key. The grade in a pnrallel«“

15



terrace below the key terrace will be groater than that in the key
if the elope of the land increases as the outlet end of the terrace
is epproached (Figure D-1-4). The grade in a psrallel terrace below
the kcy'terrlco will be leas than that in the key 1f the llopo'oi
the land 1is less toward the outlet end of the terrace. If the
variation in land slope 1is great enough, it may reault in the
terrace grading in the opposite direction (Figure D-1~-4). On long,
irregular slopes it may be necessary to divide the terraces into

groups and to select a key for each group.

4. Stake out thé key terrace. Set stakes at 5 to 15 cm intervals
using a desirable grade for the soil type.

5. Adjust the key terrace. Adjust the stakes on the key terrace
slightly, where necessary to reduce the curvature of sharp or

irregular curves (Figure D-1-5).

6. Stake other terraces parallel to the key terraces. Use the same

procedure as previously discussed in this Annex.

D=1
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" APPENDLX D

ANNEX D-2
COMPUTING TERRACE GRADES AND DEPTH OF CUT

The followlng procedure applies to broad-base graded terrace with a
grassed outlet. The same general procedure, with some modifications,

would apply to other types of terraces.

le Run profile levels along the terrace stake line. As soon as a
terrace has been staked out, take a rod reading on the ground beside
each stake and in the outlet in line with the terrace. Record these
rod readings as "ground rod". (See Survey Notes, Table D-2-1,
column 2.) Observe that these notes are of somewhat different form
that conventional level notes and that the actual elevation of the
ground surface 1s not computed. Note that when the level 1is moved,
a reading is taken on a common stake from each level set-up (stake 8
in Table D-2-1). Record any field conditions which will influence
the planning of the terrace, such as the gullies in the field near
stakes 9 and 15.

2. Plot a profile of the ground surface along each terrace. To
" determine the grade in each section of the terrace that will result

in the least amount of work in construction, the survey notes should

be plotted and a profile of the ground surface drawn (Figure D-2-1).
. Note that cod readings are piotted rather than elevations, and that

rod readings are numbered down from the top of the profile sheet.

If more than one level set-up is made, the profile is plotted as if
- all readings had been taken from the first one.

In the survey dotes (Table D-2-1) observe that the second level
set-up was 2 m lower in elevation than the previous one. This can
be determined by noting the rod reading on staxe 8 from each set=-up.
In plotting the profile, 2 m is added to.gach rod reading taken from

the second set-up.

D2l



This profile represente the elavation of the ground surface
along the terrace. Draw a line along the profile at such grade and
elevation that the amount of earth above the line will be approxi-
mately equal to the amount below the 1ine (1ine A in Figure D-2-1).
Plan so the distance that the earth must be moved will be minimal.
If additional earth is needed to f11l1 gullies in the field, such as
in the vicinity of stakes 9 and 15, then the line should be drawn
with additional earth above it in the vicinity of the guillea.
Where the profile is above this line, a greater depth of cut will be
required than where it is below. <The grade of this line must fall
within the allowable 1limits for the different sections of the

terrace.

3. Compute the depth of cut required at each stake. At a certain
depth of cut the earth taken from the channel will be equal to the
earth required on the ridge. This depth of cut will vary with the
shape of the terrace cross-section, the height of the terrace ridge,
and the land slope. The depth of cut for a V-shaped channel with
the cutslope equal in length to the backslope can be computed by the

‘equation:

'~ Depth of ( Cut = l/2(h + SW/100)
Where: = 'h = Height of the terrace. in meters.
- »i815i "Land slope, percent slope.
*ﬁfa-*fpehfth.of the front slope, in meters.

_ Let us’ aaaume that tha depth of cut required in thia example
1s 0.8 m for the upper 240 metera of the terrace. 0.9 m from 240 to
280 myand 1. 0 m for ‘the remainder.

‘Draw -a line on the proflle below line A at a distance equal to

the depth of cut raquired. This 18 designated "grade line" 1n
Figure D=2=~]. '

‘Déz;iﬁ,



The grade line represents the location of the bottom of the
completed terrace channel. The "grade rod" gives the rod readings
that would have been obtained had it been possible to place the rod
at the elevation of the bottom of the completed terrace. The values
may be taken directly from the profile; however, it is usually
easier to compute them by taking the grede rod reading at the upper
end of the terrace and adding the proper grade for each succeeding
stake. Record these values to the nearest centimeter in column 3 of

your survey notes, as shown in Table D-2-l.

Compute the depth of cut at each stake by subtracting the
ground rod from the grade rod and record im column 4.

The grade rod reading at the outlet should be approximately the

" same as the rod reading taken there. The terrace can be cut into

f;the outlet either upslope or downslope from the point at which the
'v'-‘ll.'od reading was taken, 1if neccssary, to obtain the proper grade
~ between the end of the terrace and the outlet.

Columns 5, 6, and 7 of Table D-2-1 give the desired cut and the
excess or deficiency. It ‘18 noted that there 18 an excess of carth
between stakes 11 and 13, This excess was planned and will be used
to £1ll the gulliee'in'fhe fielﬂ near stakes 9 and 15.

be Mark the stakee for construtiono The depth of cut to be made at

' each stake ehould be marked on that gtake for use during construc-
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TABLE D-2-1

Survey Notes for a Teriace

- Outlet

Ground Grade Cut Desirable
Stake® Rod Rod (m) Cut
0 1.90  2.50  0.60 0.60
1 1.90 2,70  0.80 . 0.80
2 2.00  2.80  0.80 0.80
3 2.80  3.60  0.80 0.80
4 3.00  3.80  0.80 0.80
5 3.50 4.30  0.80 0.80
6 3.80  4.60  0.80 0.80
7 3.70 4.80  1.10 0.80
-8 410 5.00  0.90 0. 80
™ "
8 210  3.00  0.90 0.:80
9gully . 2.70 3.20 0.50 0.90
10 2.60  3.40  0.80 0.90
11 2.50 3.60 1.10 0.90
12 2,50 3.70  1.20 0.90
13 2,90  3.90  1.00 0.90
14 3,20 410 0.9 0.90
15.gully  3.50 4,30  0.80 0.90
16 350 450 1.00 1.00
17 3,40 470 1.30 1.00
18 3.90 490 1.00 1.00
19 . &40 510 0.70 1.00
19425 - 5.20 5,20 0 0

Excess

Cut

0.30
0.10

0.20
0.30
0.10

0.30

Deficient
Cut

0.40
0.10

0.10

0.30

*Stakes are set at 30 m intervals.
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Arrzintx D

ANNEX-D-3 1
STAKING TERRACES

A'surveyoré level should be uaed.for stakiné out of té&thcel. It
_need not have great precision, but should be built for robustness. Long-
shots should not be taken, particulurly when there is heat haze. A level
18 not absolutely necessary. Other instruments which can be used are the
hand level, Abney hand level, clinometer or Mason’s bubble level. The
hand levelh. etc., have their accuracy improved if they are supported by
either a supporting pole or two-legged A-frame (see Figure D-3-1).

Ordinarily, stakes are set on grade at intervals of 25 meters on
flatter terrain, and 154metera on steeper slopes. If local hand methods
are used it would be better to located the stakes at S meter increments.
Extra stakes should be used at local obstructions, especially depres-
sions. If the rod-man is unskilled, care is required to make sure that
the rod 1s in a suitable place, not in a hollow or ci. a stone.

Figure D=3-2 shows the basics of using locally available equipment.

' Staking should be done Just prior to construction because stakes
left in the field are liable to be blown down, knocked over by cattle or
people, used for firewood, etc. Also, it is surprisingly easy to join up
stakes in adjacent lines. FPor this reason, color coding can be used.

_ There are two ways of surveying and staking out terraces, depending

on the tools to be used for cutting terraces and the kind of terraces.
" Por both methods, staking should start from the first terrace, i.e., the
' top of the field, or subwatershed unit. This is not an absclute rule, as
there are reasons for starting at the bottom of a slope, particularly 1f
designs were made on a map. Staking for field design normally starts at
the top of the ridge, although it would be possible to etart staking the
up-and-down guideline from the bottom, with adjustments made ou reaching
the top. The main reason for starting at the top is that, in general,
the topmost terrace will be the longest terraces, and they will bnco-e
progressively shorter as you move downhill.

D-3-1



The centerline method is the wmost common method used where draught
animals or manual labor are used. This is to survey and stake out the
outer lines of the terraces according to the vertical interval. After
completing the staking of all centerlines, a line of stakes is added in
the middle of every two centerlines (cut 'and fill being equal) by eye
Judgement, to indicate that it 1s the bottom line of the upper terrace
and, also, the top line of the succeeding lower terrace. The centerline
should be retained and marked as . guide for the non-cut and non-fill
line during the entire period of construction. The area above this line

18 the cutting area, while the area below is the filling area (Figure D-
3'?3).

The two-line method does not stake out centerlines. Instead, it 1is
to survey and stake both the upper line and the bottom live of a terrace,
with proper distances to form the planned width of terrace. A specifica-
tion table should be consulted to find out the width of the terrace for
the given slope. The method 1s very useful in staking terraces that have

been planned and designed on maps.

. Before ataking, an up-and-down guideline should first be set on a
representative slope or, preferably, on the drainge divide between two
drainﬁg‘a OI;CIGCS- . Then stakes are set along this line for the top and
bottom lines of each ~descending terrace. The top and bottom lines are
then aurveyed in, and staked according to the design or bench width to be
used. . fl‘hia _mg;}pod is particularly adapted to machine construction.

An example of downhill staking a level bench terrace on a 25% slope
, along the guideline with a safety etrip is provided as follows:

.Step 1 -

-The level man places his levelling instrument on top of the
;'-150 cm high aupport: (either the aupport pole or A-frame) at the
p-int where it 1is decided that the zero point for cut and ftl1 is
located, and stake S-2 is dirven at this point (see Figure D-3-3).
The rod man, with his 250 cm sceled rod ("0" mark at the top and

D=3-2



"250" cm mark at the bottom) valks up the slope, but alvays along
the guideline, and then adjusts the rod up or downhill according to
the instruction of the level man, until this level man sights the
150 cm mark on the rod. Stake S-1 is driven at this point. Tha
150 cm mark indicates that the point on the ground is 50 cm above
the point of zero cut and £1l1, since the total pole length of
250 cm less the 150 cm reading is 100 cm, which is the distance from
the iine-of-sight down to the ground. The point S=1 18 the top of
the cut section, (Figure D-3-3).

In order that the level man can easily sight the desired mark
on the rod, the rod man should hold the rod as illustrated in
Figure D-3-2. '

‘ sieg 2

. After stake 8-1 is set, the rod man moves downhill along the
’ éhiﬁéliﬁe'tb“a position downslope from the level man. The level man
remains at his position at stake S-2. The rod man will move down-
hill until the level man reads the 100 cm mark on the scaled rod, as
shown in Figure D-3-3. Stake S-3 is driven at this point. Stake S-
3 locates the bottom 1ine of the fill section for the first terrace.

Step 3

, After‘atdié"Q-S'ib"driven. the rod man moves downhill roughly

'30 cm or so until the level man reads 92.5 cm on the rod. Stake S-é -
":féxai;ién'ﬁéri{”hnd marks the location of the start of the cut

“section for the second terrace. The distance between stakes 8-3

and S~4 is the safety strip.

" Step 4

The rod man again moves downhill along the guideline until the.
" level man reads 42.5 cm on the rod.  Stake 8-5 1s driven at this
point. Stake S=5 is the poiﬁt of :crovcué"fﬁd'!ill'on thi'licih‘

terrace.
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We nov have the first five stakes driven, and terrace no. 1 1is
completely staked. The level man now moves to stake S-S5. Steps 2,

| 3 end 4 are now repeated as each succeeding terrace is located down
the slope, until all the proposed terricea are staked (see

Figure D-3-4).
The following items must be remembered when staking terrace points:

| 8 The movements of the level man and rod man are always along

the centerline.

2. The scaled rod 18 held by the rod man in such a position that
the "0" mark 1s up and the "250" cm mark is on the ground.

3. Staking starts from the highest point on the centerline, and
movement and staking are down the slope.

‘a‘if'»ﬁ iafety strip of 30 cm, measured along the centerline, is
;:iéft,betveen the terraces for stabilization of the risers.

-3+ The levelling instrument support is 150 cm in height, and the
. 8caled level rod 1s 250 cm in height. The length of the level rod
may have to be lengthed on steeper slopes.

‘Iﬁ 1s also possible to survey and stake the terraces from the bottom
inﬁgp,yphi;l direc:ion.pﬁthip_iévillustrated in Figure b-3-3A. This is
.nqg]q.:eboﬁngnded practiée because of the difficulty in positioning the
fbighés:. or top terrace, near the ridge line. Where the terraces will
 qb§ b§;c6hs:ructed up. the.entirc slope, and the bottom terrace becomes
fihé;key or guidc terrace, then surveying would proceed uphill. |

After staking the cut, zero, and fill points on the guideline have
">been completed, 1t 1s then necessary to stake each terrace from the
guideline to the outlet structure, i.e., the low point at wvhich the water
drains off from the térrace into a watervay. For this exsmple, it will
be assumed that the tevrace will have a 1% slope from thebguidollnn to
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'the watncway, l.e., a drop of 1.0 m in each 100 m of traverse. This

slope reduces te 5 cm in sach 5.0 m of traverse.

Tne level man moves back to stake S-1 and sets up at this point,
which 1s a cut point. The level instrument is set on the support pole or
A-frame. The level man then sights along the contour, which is essen-
tially across the guideline (not up or downhill). The rod man moves
laterally along the contour for a distance of 5 meters (this can be
accomplished by using a piece of string or rope 5 meter long). The rod
man moves the rod up or downhill until the level man reads 10C cm on the
rod. This point is then the same elevation as the stake S-1. The rod
man should then move the rod downhill until the level man reads 95 cm on
the rod. This means that this point 18 now 5 cm lower than the ground at
stake S-l. A stake is driven at this point and labeled S-l-1. The rod
man continues to move across the slope in 5-meter increments. The level
man will continue to subtract 5 cm from the previoua stake (location)

until the waterway is reached (see Figure D-3-5).

" In cases where the level man can no longer read the level rod, he
must move his level and support to. the last stake on the grade, and reset
his equipment. The next stake he reads will again be 95 cm, and located
5 meters from instrument set-up point. After one side of the guideline
is completed,. the same method of staking continues on the other side of
the guideline up to the waterway located on this side of the guideline
(see Figure D?3f5). The line connecting at thesc stakes i{s kuown as the

"ecut" line of this terrace.

After the cut line of the' highest tgtr;ce is completed, both the
level man and the rod man move down to stake S-2, the zero cut and fill
point of th;s terrace, and repeat the same procedure as described above
. to locate the "zero 1line" of the terrace. This procedure continues down
? the;blopgg in the same manner, for every "cut," "sero," and "£i11" lines

" of all terraces (see Pigure D-3-6).
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"The above 1s basic methodolog'' necessary to lay out a simple terrace
system. The above assumes uniform slopes without irtegulatitie.a.' This
seldom occhrra in the field. Normally, terraces will imve to cross small
depressions, gullies or other obstacles. Modifications will be required
to maintain grade and width. In general, this will require excess cut
and fill, resulting in the lateral movement of soil, where required. The
modifications in planning are covered in anothar Annex of Appendix D. An

example is shown in Figure D=3=7.

Rules will not be given on the relocatior of cut snd £fill stakes, as
the number of variations are too great to be satisfied by simple guide-
lines. The procedures outlined above can be adapted to making any
desired modifications. The decision on adjustments of terraces will
depend on the requirements of the farmer and judgement and experience of

the technician, as well as the added cost.
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APPENDIX D

i

DESIGN, LAYOUT, CONSTRUCTION AND MAINTENANCE OF TERRACE |

SYSTEMS '

WWASABT«MA%&RISMSWMMMH':'S
teering Committes; adopted Decem!

removed and revised December {96); reconfirmed
revised February 1972; reconfirmed for one year

Soil and Water Division $
tentative classification
}m. December 1970;

SECTION 1-PURPOSE AND SCOPE

1.1 This Recommendation is intended as a guide to engineers and
technicians in the design, layout, consteuction and maintenance of
terrace systems for erosion control and water conservation.

SECTION 2-TERMINOLOGY

21 Terraces are earth embankments. channels or combinations of
embankments and channels constructed across the slope at suitahle
"spacings and with acceptable grades for one or more of the
following purposes:
2.1.1 To reduce soil erosion :

2.1.2 To provide for maximum retention of moisture for crop
use
213
214
2.1.5
216
217

To remove surface runoff water at a non-erosive velocity
To reform land surface

To improve farmability

To reduce sediment content in runoff water

To reduce peak runoff rates to installations downscream

© 22 Terraces alone usually will not provide the desired control of
runoff water on sloping land. This control requires a complete water
disposal system which may include waterways, underground outlets,
diversion channels and structures, plus supplemental practices such
as contour farming, strip-cropping, crop rotations, minimum tillage,
and good soil management. Properly located fences, fleld roads, and
other related measures must also be considesed. Each measure must
~ be planned to interfere as little as possible with farming aperations,
and be of maximnum henefit to conservation of soil and water.

23 Al types of terrace systems can be classified according to
alignment, cross-section, grade and outlet,
2.3.1 CQassification by slignment
2.3.1.1 Parsllel terraces. These terraces are designed with
straight segments whenever possible and long gentle cusves, if
curves are necessary. The adjacent parallel terrace ridges are
spaced equidistantly throughout their length if possible. On
Arregular topography it may be necessary to divide terraces
into parallel sections with different spacings for each section.
Cuts and fills along the terrace channel may be required to
establish satisfactory uniform or variable grades.
2.3.1.2 Nonparsilel terreces. These terraces are designed
with the terraces fitied to the contour of the land without
regard to paralleling. In practice, adjustment is made to
eliminate sharp turns and short point rows by installing
additional outlets, vsing variable grade, and vegetated adjuse-
ment or turn areas.
23.2 Clamsification by crom-section

23.2.1 Broadbase terrace. (Fig. 1) This terrace is con-
structed so that crops can be planted and machinery operated
over the entire terrace. Ridge and channel slopes are con-
structed to fit different machine widths.

23.22 Flat-channel terrsce or Zingg conservation bench
terrace. (Fig. 2) A level bench is constructed below a sloping
runoff contributing area. Flat channel terraces are designed
for maximum conservation of water. Channel width will vary
depending on the land slope, allowable depth of cut and
machine widih,

23.23 Stesp-beckslope terrece. (Fig. 3) This terrace is
constructer, with a very steep backslope which is usually
seeded to a permanent vegetation. The terrace is designed to
shape land surfaces for improved farmability, When field
slopes are uniform, a balanced cross section can be used.
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When field slopes are irregular and cuts and fills are necessary
along the terrace length. frequent transitions will be required
from excess borrow section to excess fill section.

2.3.2.3.1 Baianced crom section. This terrace is normaliy
constructed entirely from the lower side. If ¢xposcd
subsoil is not productive, the top soil may be moved
downhill first then moved back over the cxcavated area.
2.3.2.3.2 Excess fill section. Where cuts below the
terrace are undesirable, the rerrace ridge may be built
entirely of soil from excess borrow sections of the terrace
or from a planned borrow area. A fill section is desirable
when cuts below the terrace would result ir: increased row
grades below the terrace or where terraces are built on
shallow soils.
2.3.23.3 Excess borrow section, Where deep cucs are
required in improving terrace alignment, both the back.
slope and channel may be excavated, Where subsoil will
respond to fertilizers, the ridge crossed by the terrace may
be planed off during construction to develop acceptable
terrace channel grades.
23.24 Noarrow bms terrace. (Fig. 4) The cntire cross
section of this terrace is frequently seeded to permanent
vegetation.
23.25 Bench terrace. (Fig. 5) This terrace is constructed
with a wide level bench. The ridge has steep side slopes which
are seeded to a permanent vegetation. The tetrace is used
mainly to provide more elficient distribution of wacer under
buth irrigated and dryland production.
23.28 Ridgelem channel terrece. (Fig. 6) This terrace is
constructed on nearly flat to gently sloping land to remove
exces surface runoff water at nonerosive velocitics. The cut
material from the channel is used to smooth the interterrace
interval,
2.3.3 Camificstion by grade
23.3.1 Level terraces. These terraces are constructed where
water conservation is the primary objective with erosiun
control as an accompanying benetit. They are usuaily used in
low-rainfall regions to retain runoff for storage in the soil and
may be used in high-rainfall regiuns on very permeable souls.
The ends of the channel may be blocked or left open.
23.3.2 Graded terraces. These terraces are constructed to
reduce field slope lengths and remove runoff with tolerable
soil loss as the prnimary objective. Water conservation may be
an accompanying benefit, The grade to the outlet may be
uniform or variable.
234 Camification by outet. Terraces may be classified by
outlet such as infiltration in terrace channel only, vegetated
waterway, underground outlet, and combinations of these
outlets.

SECTION 3-DESIGN CRITERIA
Specing

3.1.1 Terraces to control water erosion should be spaced by

one of the following methods:
3.1.1.1 Where data are available for application of the
universal sodl loss equation. the horizontal spacing of terraces
should rot exceed the slope length determined for contour
cultivation by using the allowable soil loss, the most intensive
use expected for land, and the expected level of management.
On gently sloping land, anticipated runoff and the economi-
cal terrace crom section size may determine spacing, rather
than soil loss between terraces.
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3.1.1.2 The cquation VI = XS + Y may be used for de-
termining the vertical interval,

where

V1 » vertical interval in ft

X = avariable with values trom C.4 t0 0.8
Values of X, for different zones, are shown in
Fig. 7.

S = the weighted average land slope in ft per 100 ft
along the length of the terrace

Y = avariable with values from 1.0 to 4.0

Values of Y are influenced by soil erodibility, cropping
systems, and crop management practices. The low value is
applicable for very erodible soils with conventional tillage
methods, where little to no residue is left on the surface. The
high value is applicable to erosion resistant soils where
no-plow or mulch tillage methods are used, and which leaves
a large amount of residue, minimum 1.5 tons straw equiva-
lent, on the surface.

3.1.1.3 Vertical spacings determined by the above methods
may be increased as much as 0.5 ft or 10 percent, whichever
is greater, to provide ietter alignment or location, to miss
obstacles, to adjust for farm tnachinery, or to reach a
satisfactory outlet.
3.1.2 Level terraces for vsater conservation and erosion control
should be spaced the same as the terraces in paragraph 3.1.1.
Where level terraces are used primarily to impound water, an X
value of 0.8 may be used in the spacing equation for all rainfall
areas.
3.1.3 Terraces with underground outlets on deep soils are
designed to control the runoff from a 24-hour, 10-year fre.
quency rainfall. Runoff is stored in the soil and terrace channel,
and discharged through the underground outlet.
3.1.3.1 The spacing is adjusted to provide water storage and
an even number of trips for row crop equipment. Care should
be taken to use spacings with large multiples of row widths
throughout the slope range. For example, 80-120-180.240 ft
of horizonta farmed intervals will permit maximum oppor-
tunity for changing row widths.
3.1.3.2 Because of the difficulty of farming steep slopes,
rapid benching is desirable on slopes greater than 10 percent.
The wider the spacing, the greater the amount of earth
moving requited to bench the land and correspondingly the
wider the spacing, the greater will be the length of time
required for land to bench.
3.2 Alignment. To make farming operations easier, terraces sitould
be made parallel with long gentle curves where practicable. Smooth
curves are extremely important in modern agriculture where the
trend is to narrow rows and wide equipment. If terraces traverse
natural ridges or natural drainage depressions, alignment and
acceptable curvature become more difficult. Improved alignment, to
make farming easier and to avoid point rows, is possible in most
terrace layouts. Six methods are available to improve alignment,
reduce curvature and decrease the area of paint rows in a field.
These methods may be used singly or in zombination to improve
terrace layouts,
3.2.1 Use turn strips on long, Mat ridges which are of lessar
slope than the rest of the field.
3.2.2 Vary grade along the terrace channel within Yimits
specified in paragraph 3.5,
3.23 Vary depth of cut along the terrace line.
3.2.4 Shape or smooth land prior to terrace construction.
3.2.8 Vary the amount of excavation or fill along the terrace
channel or ridge for sieep backslope terraces. With steep
backslope terraces much greater leeway is providad for improye-
ment in terrace alignment,
3.2.8 Use channel blocks in level terraces where it is necessary
" to install segments of the same terrace channel on different
elevations,
3.3 Capecity. Graded terraces should have enough discharge
capacity to handle the peak rate of runo(f expected from a 24-hour,
10-year frequency storm. In cornputing the capacity use sn » value
of 0.06 in the Manning formuls.* Level cerraces and graded terraces
with underground outlets that impound runoff water on the field
should be dasigned to hold the runoff valume from s 24-hour,
10-year frequency storm. :
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24 Crom section. The terrace cross sction shall be p&opﬁtdoni

to fit the ground slope, the crops grown, and the fasm machingry
used. Additional height should be added to provide for settlement,
channel sediment deposits, ridge erasion, the effect of normal tillage
operations, and a safety factor. The ridge and channel should cach
have a minimum width of 3 ft (0.9 m) at the design elevation.

3.5 Channel grade

3.5.1 Minimum grades should be such that ponding in the
channel will not cause serious delay in field operations,
3.5.1.1 Soils with slow internal drainage — 0.2 percent
3.5.1.2 Soils with good internal drainage —~ 0.0 percent

3.8.2 Maximum grades will vary with the type of terrace and
the purpose of the terrace. The critical condition will occur
when the terraces have been recently cultivated, and there is no
vegetal cover. When terraces use an underground outlet, sedi-
wont and water will be stored in the channel thus reducing
velocities and allowing steeper grades near the outlet.

3.8.3 Maximum velocities should be 2.5 ft per sec (76 cm per
sec) for soils with hizh organic content, 2.0 fc per sec (61 ¢m per
sec) for most scils, and 1.5 ft per sec (46 cm per sec) for
extremely erodible soils. Velocities are to be computed by
Manning’s formula using an n value of 0.03.

3.6 Oudets. All terraces must have adequate outlets. The outlet
requiremenis vary with the differenc types of tesraces.
3.6.1 Vegetated oudlets. Vegetated outlets may be used for
graded or open-end level terraces. The outlet must convey runoff
from the terrace and rows to a point where no crosion damage
will occur. It should be established in advance of terrace
construction, if necessary, to insure vegetative cover,

3.6.2 Underground oudets. Underground outlets may be used
on closed-end graded or level terraces. The outlet consists of the
intake, the underground conduit and the outler pipe. An orifice
plate should be installed in each intake to control the release of
runoff water when more than 2 intakes discharge into the same
underground conduit. The outlet is designed to remove the
volume of worage provided for cach terrace in & specified
interval of time. The maximum time recommended to drain a
terrace is 48 hours. Shorter drain periods zre often deswable
depending on the inundation tolerance of the crop being grown.

3.8.3 Soll infiltration. Level closed-end terraces normally use
infiltration into the soil in the channel for an outlet. Soil
infiltration should permut draining the terrace channel within 48
hours. Tha channel should be level along the majority of the
length between terrace blocks in order to provide the maximum
soil profile storage area. The end blocks on level terraces should
be designed so water will flow over the end block before
overtopping the terrace ridge.

384 Combinations of soil infiltration, vegstated, and under-
ground outlets may be used within & terracing system to
minimize interference with (arming operations and to maximize
the conservation of soil and water.

1488 ,23,173

*The Manning Formuls: V=

where
Ve
r =

veloeity, feet per second . )
hydraulic radius — the ares divided by wetted perim-
eter, foet
¢ = dope of channel, fest per o0t
A = poughness cosfficient .
Rate of Discharge: Q= AV
whete '
Q = copecity, cuble feet per see.
A = area, square feet :
V = velesity, feet per sesond



SECTION 4-PLANNING AND LAYOUT

4.1 Panning on.topographic map. Terrace systems can be planned
with the aid of a topographic map. A topographic map with a § fr
contour interval or a contour interval equal to the vertical interval
between terraces if less than 5 ft, can be used satisfactorily, The first
step is the selection of terrace outléts, waterways, roadways, and
turnrows. Next lacate the top terrace and bottom terrace for the
field according to the design criteria using the lengch of slope and
average field slope between the top and lower terrace. The terrace
interval should be determined according to the terrace spacing
formula, row spacing, machine width and length of slope between
the top and bottom field terraces. The interval for one or two
terraces should be set and a key terrace selected. The selection of a
key terrace is dependent upon such physical factors as the location
of outlets, the location of ridges, and the uriformity of the slope.
Methods used to parallel terraces include: {1) items listed in
paragraph 3.2; (2) divide terraces into short segments: (3) use
underground outlets to parallel terraces through depressional loca-
tions; and (4) any combination of these methods, As the layout
continues downhill, the selection of additional key terraces may be
necessary with correctional areas provided as needed. Terrace curves
should have a radius of 100 ft (30 m) or greater to be farmed with
widy, Ligh speed machinery. Grassed tum areas should be planned
when sharp terrace curves are necessary. Sharp terrace curves can be
reduced by varying the depth of cut in the terrace channels. Several
tentative systems may be laid out on the topographic map for
comparison. The best plan is selected and staked on the field for
construction.

4.2 Field trail method, The same criteria and steps used to plan a
terrace system on a topographic map are also used for planning in
the field. However, the tetraces are staked in the field as the system
is planned. ’

SECTION 5-CONSTRUCTION

6.1 Many different machines are successfully used to build
terraces, These include eleyating terracers, whirlwind terracers,
graders, and scrapers all powered by farm tractors. Heavy construc-
tion machinery includes the grader, elevating grader, bulldozer, and
scraper, The haul distance and amount of soil to be moved are
factors to consider in selecting construction equipment,.
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SECTION 6-MAINTENANCE

&1 General. Adequate maintenance is mandatory to retain terrace
ndge height and shape, at or near dasign specifications and to insure
peoper functioning of the system. Erosion by water and/or wind and
normal tillage operations tend to fill terrace channels and reduce
ridge height. Sediment depasited in the terrace channel should be
removed when channel capacity is restricted, and low spots in the
ridge should be filied, Periodic maintenance is usually required to
insure proper functioning of the terrace system. Immediate main-
tenance is required after any damaging storm. Failure of one terrace
frequently results in serious field erosion and failure of terraces
downtull,

6.2 Msintenence during plowing. Where moldboard or disc-type
plows are used for one tillage operation, narmal terrace maintenance
may beperformed at the same time the field is plowed.

6.3 Maintenance when plaws are not used. In regions where
moldboard or disc-type plows are not used for tillage operations,
terraces must be maintained with graders, land levelers, bulldozers
or similsr equipment. This type of equipment may also be used
when extensive repair and maintenance are required to reshape the
land prior to normal tillage operations,

6.4 Maintensnos in arid and semi-srid reglons. In arid and semi-arid
areas, terrace maintenance should be performed during the season
when wind erosion is least likely and the establishment of plant
cover most likely..

6.5 Maintensnee of terrace ends. The erds of graded tervaces or
level open-end terraces should be maintained so that runoff from
the terrace channel is noc restricted. The ends of closed-end levat
terraces should be properly closed at all times. v
6.8 Maintenanoe of underground oudems. Sedinient deposited near
the intake of underground outlets and earth banked up around the
incake in tillage operations should be redistributed sa thac the intake
is lorated in the lowest section of the storage section of the terrace.
Remove trash collected on intakes after each runoff producing
storm and repair or replace damaged outiets as needed.

SECTION 7-SAFETY

7.1 Caution should be used when operating equipment on the
terrace. Slopes steeper than 4 to 1 should not be farmed except with
special equipment. Safety devices such as protective frames or
protective canopies may be required to protect equipment opera-
tors.

7.2 The design engineer should design st.uctures with safety in
mind. He should visualize how the structu’ ¢ will be constructed and
used. There should be information in the final design on the
limitations and safety features of the structure. If hazards do exut,
it should be so stated to the person or agency cesponsible for
construction and maintenance of the structure. A record of this
information should be kept on file.

: 2Zone 3 xs0.8
S0ute sagera

FIG. 7-VALUES OF X IN EQUATION WI 2 XS + Y (See Paragraph 3.1.1.2)
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APPENDIX E
COMMUNITY DEVELOPMENT TRAINING PROGRAM UTILIZED.
BY PROYEK CITANDUY FOR RELATED TRAINING OF GOVERNMENT
OFFICIALS AND LEAD FARMERS FOR THE UPPER CITANDUY WATERSHED

General

The following pages describe in sone detail the work plan for the training
of 38 students as a nucleus -cadre unit to understand the principles of erosion
control, correct farming practices, and the structure of the Indonesian govarnment
well enough to improve their areas and teach others by their example and through

newly aquired knowledge and experience.

The training program was divided into three phases and included students
from five areas of activity. The four different government agencies : Kabupaten,
Kecamatan, Agriculture Extension, and Proyek Citanduy were organized to support
“selected lead farmers in a coordinated effort for improved farming methods
and orosion control practices within four Bupati Districts within the Upper Citanduy
River Basin Watershed. |

This training was divided into three phases involving the following categories
of students.

Phase I'

| Four Kabupaten staff and one Proyek Citanduy Staff attended a Community
,Development course in leadership training in Solo, Central Java. This leadership
’training course lasted for seven weeks and was conducted by the Indonesia Sejahtera
Fbundation. This course was designed to prepare future leaders in the program and
to apply‘their new skills in Phase III of the overall program.

'PhaseGIIlbf

Twentyilead‘farners and three extension service agents were trained for one
‘week in erosion control methods and improved farming practices for upland farming
methods at the Panawangan Pilot Demonstration Project in the Ciamis Bupati District.
This instruction was organized -and directed under the authority of Bupati Ciamis
‘vat the request of the Diractor of Rivers.
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Phase III
This course combined the students and activities of personnel from .
Phase I and Phase II and also included an additional ten Kecamatan staff members

to act as team ieaders to- the ‘lead farmers and to report team activityto their
newly trained Kabupaten supervisors.

The following paragraphs describe in detail the various phases of the
training Pprograms.

Phase I

Kabupaten Staff School at Solo :
YAYASAN INDONESIA SEJAHTERA
Jalan Kenanga 163

‘Solo, Tlp. 5127

Ir. Soetrisno, Directotl_

Aim
‘l,:l T build up the self confidence and awareness ot the trainees of
~ktheir own potential and ability to play a role in the development ofo
their~6“h area. -
v2;»lTo prepare workers to become skilled’ and knowledgeable community
p-development workers so that L ,
L a. they can approach and work together with communitiee:
'b:‘ they are capable of developing a program in and with the community.
aiming and achieving a state of greater welfara.
_Length
_Seven weeks
Place.’

Theoritical background is given in Solo, using the urban field for
jvisits; observations, etc. Practical field work takes place in the rural arsa
of Banjarnegara where an extensive community development program is being
developed in many villages.
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Trainees:

A multi-professional group who have extensive field exporionce -

Curricnlum

1. Principles of Community Development

- an introduction to C.D.
2. Development of attitudes, including

"= co-operation

- leadership

- ability to communicate
3. Skills required by a field worker, including :
. ‘= survey (data collection, analysis, report)
abliity to discuss and lead discussions

7 = aextension work

making and using visual aids

planning
= program evaluation N
144, Introduction to government and community’organizations°
5. In-depth study of specific activities, including :
‘ - various,aspects of a ccumunity health program

ij".--"agvrici.xlt:ure

.= non-formal education

- = cadre programs

ﬁ\e curriculum is. continually adjusted, based on the weekly evaluations
‘of the trainees, the final evaluation of the trainees, and the evaluation of the
training team.

Methods'
Training methods include :

introductory lectures, discussions, role play, structures, exerciaea,
case discussions. field observation and work, uorkshop.'
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Emphasis on both theory and practice is maintained throughout the
training program. For each topic trainees are exposed to a prantical expericnce,
either in the field, or through structured ererciees, which is tnen analysed ‘
together and conclusions drawn on the basic principles invloved and the relevance
in their work. '

Trainees are also given the opportunity, in a field placement of
two weeks, to exchange ideas with government leaders and community leaders and
members in villages where community development programs have been initiated. They
are also given limited opportunities (limited because of time) to practice their

newly acquired skills. .

" Throughout the training an effort ie made to create an atmosphere in the
training center and in the accomodation (in homee of’ commnuxy people) in which
trainees are. encouraged to develop co-operation, leaderehip qualities, and other-

attitndar nandad hu a nnmnnn-“-u ‘wArlkar .

Trainees are also divided into small groups each with a trainer acting ae
tutor. Individual difficultipe and problems are discussed in thie forum.-,,a{ff‘?ff

Trainees

1. Trainees must be eent by an organization, government or private, whichA,
will provide guidence and backing in program implementation. o - R
2 Traineee are only received 'in teams of 2-3 people, s0 that they can o
3ieventua11y ‘work " as-a team in the field. The support of a fellow worker
5;with similer convictions is important when facing problems.
E3. Basic education of junior secondary school (minimum), or primary
RS t'school with extensive experience, is required.
eg.‘-Trainees should have background education in family welfare, comnunity
welfare, education, health or agriculture.
EgsgiﬁTrainees must be prepared to follow the complete course and be prepared
| to return and develop a program in his own area.
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The total number of trainees for each course is limited to a maximum
of 1€, or 7-8 teams. An attempt is made by the training center to form a hetero-
geneous group in terms of education, work experience,and sponsoring organization

{governmert and p&ivate).

The adaption required to fit into such a group helps promote the
development of attitudes appropriate for community workers.

Guidance

Follow-up of trainees as they attempt to develop a community development
program in their own areas is considered essential. On completion of training,
the training center endeavours to keep in contact with the ex-trainees. Reqular
contact is maintained through letters, both personal and serial, a twice-monthly
magazine,and activity reports,sent quarterly,to trainees.

If it is possible, and considered necessary trainer endeavour to visit

trainees in their work situations.

e A‘cost eatimate for a complete program for a full class of 16 students
is detailed below: ’ '

Component "u,]if ! 'Cost per student . Cost per 16 students
R, 8 | Rp. s

 Community Development o

Training Program . 137,000 330.12 2,192,000 5,281.93

Transportation . ;2,000 4.82 32,000 77.11

Fees 3,438 8.28 55,000 13253

Pocket Money 12,250 29.52 196,700 472.29
~ Snacks 26,250 63.25 420,000 1,012.05

Estimated Total 180,938 436.00 2,895,000 ' 6,975.90

Services furnished for tuition costs includ§ the following :
a. Room and board for the school for dormitory style quarters and meals.
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http:6,975.90

"b{;’There are 12 staff members, typists and other leaders.

“c. The organization is financed partly by the German government and partly
by the German Iuthern Church on a 60-40 Basis.

‘d. There is a mix of religions preferences among the staff of Islam, S .
Catholic and Protestant denomirations. It is not religiously oriented
and is also directed and administered by a Jakarta Office. Names of

Solo and Jakarta Directors are as follows :

Ir. Soetrisno, Director
Yayasan Indonesia Sejahtera
Jelan Kenanga 163, Telephone 5127

Solo, Central Java

~ Dr. Muki Reksoprojo, Director
Dr. Lukas Hendrata, YIS, Executive Secretary
‘Jalan Wahid Hasyim 153 A 4

Jakarta

. The training center is essentially health oriented,with family planning
.as one of the. subjects taught.; There are. however,several agriculture specialists
“on the staff and the teaching PPL's and Kabupaten Subdistrict Officials would be
within their capabilitieg,”

Fieldwork in ‘the: villages requires that the students be housed and fed
under the sponsorship of the village chief.

. The Camat of the Banjarnegara area is very helpful in securing the
cooperation of the villages in tha area. The villages benefit from the student
projects and are also anxious to learn from the students and the school.

A very definite attempt is made to teach the structure of the Indonesian

government, and the ability to communicate among the various offices is also
stressed to secure a cooperative effort in the solution of various problcna.w



Conclusions and Recommendations

1. Thg course material,as presented and understood, has some very positivef. »
bene ‘s to develop the leadership talents of technically trained people.

2. The ideal is to teach well enough so that the students are able to return
to their jobs., and by assignmerit, be able to teach others as well as
define problems, plan alternate solutions, and exhibit leadership in

in securing cooperative solutions to definite problems.

The "follow up" contact several months after the course in completed is
intended to check up and evaluate student mastery of Community Development
" principles as taught at the school.

Letter?:magazines, activity reports and personal follow-up visits to
the students in their various work situations are by permission and
»invitation of the student's work supervisors.

'It the follow-up visits are controlled, there should be some additional

hene!its for review for the students of planning goals project status,
'and futu:e plans for action and progress.
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Phase iI

‘Technical Staff Training and Farm Leader Tratningﬁfor the Panawangan and cikawung
Watershed Pilof: Projects. ’ '

This. phase of the training program was organized under the leéaership of
Mr. Rachlan, BAPPEDA Ciamiu, as Chairman of the Local Steering Committee and
Ir. Nurdin, Chief of the Soil and Water Conservation Section for the Forestxy Ciamis
District, as Chairman of the Local Organizing Committee.

A cost estimate for this training program follows :

Budget Proposal

A. Participant Exgenses

1. Meal, 23 people x 6 days x Rp. 1500,- "= Rp. 207,000
2. Snack, 23 people x 6 Gays x Rp. 500 = Rp. 69,000
3. Incidental expense/pocket money o

23 people x 6 days x Rp. 250 “ = Rp. 34,500
4. Field trips,23 people x 2 x Rp. 1500 . = Rp. 69,000
5. Trip allowance, 23 people x Rp. 2000 s Rp. 46,000
6. Materials (books, pencils, jackets),

23 people x Rp. 10,000 o = Rp. 230,000

| Total (A) ~ Rp. 655,500 -

'B. Teacher Expense

1. 32 teaching hours, 1 hour. x Rp. 2ooo = Rp. 64,000
2. 2 people, practical supervisors x2. |
 x Rp. 5000 = Rp. 20,000
3 2 people, discussion supe:v:l.sorl x 2 dayl ‘ '
x Rp. 5000 = Rp. 20,000
4 zTr;prexpanseqxféth.ﬁehchers x Rp. 2500 = Rp. 22,500
o T Total (B) Rp. 126,500
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1.

2.

3
a
5..

6.

7.
8.
9.
10.
11,
12.

C.' Others

1: fbponing;éexemony” v - om Rp. 25,600

2. Administration & secretary éxpénsé = Rp. 100,000

3. Accomodation - = Rp. 50,000

4. Closing ceremony = Rp. 25,000

5. -Documentation = Rp. 8,000
Total (C) = Rp. 208,000

D. Miscellaneous Rp. 10,000
Rp.1,000,000.

Grand total (A+34C)
(One million Rupiahs)

The following class schedule was followed and lubjéctl were taught at the
Panawangan and Cikawung Watershed Pilot Proiect Training Program.

Time Monday  Tuesday Wednesday Thursday Friday Saturday
_ 3l

'brylind/Upland Farming

26 27 28 29 30

1 07.30-09.00 AM  Opening = 5 4 7 8 10
09.30-11.00 AM 3 4 7 11 10
11.00~01.00 FM 1 3.2 6 - 12
04.00~05.30 PM = 5 9 . 2. 6 12 Closing

-. Curriculum/Topic .‘;‘jiBﬁgltﬂsu;%ﬂfxi'fQ:'Inatructor Remarks
Land Use & Land Classification }}?fr'ﬁ"“‘ " E.C.I.
Soil & Water Conservation e E.C.I.

Ag. Service

jrivestock & Grazing ?2& Animal Husbandry
Natural Resources Conservation. ':if Forestry/P,RP DAS

. , ' : Cit.-Cisanggarung
Figheries 4 Fishery Agencies
Nutrition (Gigi) 2 Publiic Health
Extension ‘ , Ag. Extensicn Centre
Bee & Honey Management .2 Forestry

Tour to Singaparna 4

Pield Trip 2

Discussion 4.
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http:04.00-05.30
http:11.00-01.00
http:09.30-11.00
http:07.30-09.00

This short course of one week taught a few simple principles of erosion
control structures, good terrace construction and new methods for increased food
production through demonstration plot instruction and the example of a successful

project.

Phase III

Technical Staff Training and Farm Leader Training

Iocal Community Development Training Class in Ciamis, YIS Instruction

from Solo Teaching Kabupaten, Kecamatan, Agriculture Extension Service and Lead
Farmers. This final please of the Upper Citanduy Watershed Training Program was

also organized under the able leadership of Mr. Rachlan, BAPPEDA Ciamis, as

Chairman of the Local Steering Committee and TIr. Nurdin, Chlief of Section for Soil
and Water Conservation of Forestry Ciamis District, as Chairman of the Local

Organizing Committee.

A cost estimate for this combined training program.follows

1. YIS Instructor §§gense

“‘Per Diem,z teachers x 11 days x 7 000 Rp /day ? o th, dfeinp. 155,000
Instructor Feerz teachers x 10 days x4 hrs/day X Rp. 2000/hr fi - Rp. 160,000
Travel Expenses 4 teachers (Round Trip) X Rp. 10,000 = Rp. 40,000

‘Materials for Students 38 students x Rp. 5,000 , S = Rp. 190,000
~ Total Instruction Expense‘ = Rp. 545,000

-

2. Student Exgense ;
. Lodging & meals.38 students x 11 days X Rp. 3 500/day ft;i = Rp.1,463,000
Snacks & Pocket money.38 students x 1 days x Rp. 750/day = Rp. 315,000
‘Travel,3s students x Rp. 1 OOO/student Jf;a = Rp. 38,000
'Field Trip ExpenserBB students x 2 trips x Rp. 1500/student/trip = Rp. 114,000
: Subtotal Rp. 1,930,000
Miscellaneous 545,600

Total Student Expense Rp.2,475,000

B Students attending the Local Community Development Class in Ciamis were
selected from the Bupati District and the Proyek Citanduy as noted below:
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Selection of studentsi
——-————-——-——._____

ugt Kabupaten Kecamatan L.ad POPs and I.end
in Solo . in Ciamis Team: +Leader ramra PPLs in Farmers B
‘Kabupaten Dis- Team in Jan, . iwil in April in April April Panawang- in Panawa-
‘ . kricts - , ‘ an in ngan in
: o Hnrch March

Ciamis 1 4 1 4 8. 1 8
Cilacap = 11 3 1 1 3 6 2 6
Tasikmalaya 9 2 1 1 2 4 0 4
Kuningan . 2 1 1 1 1 2 0 2
Cit. Project 0 0 1 1 0 0 0 0
Total a 10 5 s To 20 3 20

Principles of Leadership Training by the Community Development (YIS) to
improve student skills abilities, and knowledge through invloved activity are
sumarized as follows : ‘

- 1ls Monitor t Monitoring a development program
2. Supervigor : Movement and dynamics of existing work groups
' 3‘. Instructor . t Give technical and non-technical instruction to the people
R B ‘ Motivator t Motivating the people and encouraging them so that they
L Sl are eager to do something
5. cbiununiCator t Delivering and translating ideas and new concepts and
o . new problems from above and below
6. Executor ¢ Assume responsibility and be abls to execute the activity
' o as planned -
7.' Coord:l.nator ¢ Attending the activities at the village level

Skill and Activities
o l. Communications ‘

2. Collecting and evaluating data . t

3. Taking charge of technical matters and people dwelopnent principlu
4.  Instructing or teaching

5. Concluding and summarizing discussions

6. Adapting to cextain situations

7. Presenting the plan with assurance

8. Being able to manage
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1, Communication

2. Visual aids

3. Instruction
- 4. Monitoring .

5. Principles of people development
6. Management

7.- Group dynamics

8. Planning

Eight instruction days will be devoted to the above subjects with two days
devoted to field trips where problems will be presented with suggest:! solutions.
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1.

2,

3.

4

ORGANIZATION FOR THE UPPER CITANDUY BASIN DEVELOPMENT
OUTLINE/MASTER PLAN

Citanduy Project/ECI/Counterparts {as one hody) is to set up the Outline/
Master Plan for the Upper Citanduy Basin Development. (Based on :

(1) Loan Agreement between USA and the Republic of Indonesia; (2) The theory |
of One River System One Plan; (3) The interdependency of the lower watershed
with the upper watershed). _ ‘
Citanduy Project/ECI/Counterparts is responsible to the Citanduy Project
Steering Committee.

In the process of creating the Outline/Master Plan, Citanduy Project/ECI/
Counterparts works in coordination with the Bupatis (of Ciamis, Tasikmalaya,
Majalengka, Kuningan, Cilacap) in social, economic and political matters,
and with the Greening and Reforestation Planning Office for Citanduy and

Cisanggarung Watershed in land and soil conservation measures.

Each Bupati designates the Kabupaten Develomment Planning Board to assist
Citanduy Project/ECI/Counterparts in the progess of setting up the Outline/

- Master Plan., (Especially in (1) Providing socio-economic and political,

cultural data; (2) Synchronizing the technical aspects with the people
aspiration; (3) Ensuring the implementation of top-down and bottom-up approaches
on requeat).

The District Planning Board coordinates the Bupati's Special Staff and

:JVTechnical staft, Suhdistrict Officials and Village Heads.

5.

' 7-'

on request of the citanduy Project/ECI/Counterparts, the District: Devalopment'
Planning Board could provide assistance in :

a. 00110cting data/irformation required.

q'Blank lista of data should be provided by the citanduy Project/ECI/
o cQunterparts.
b. COIIecting people aspiration.

:é._ visiting placel in reconnailsance and survey,

iOn :oquolt of the Citanduy onjooh/!CI/Couneerparel. the District Development
'“Planning Board could make a contact with the Provincial Planning Board.

" The Citanduy/ECI/Counterparts could designate one of the District Development

Planning Boards (Tasikmalaya, Ciamis, Kuningan, Cilacap, Majalengka) as the
coordinator in providing points 5a, S5b, Sc.
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9.

10.

1l.

The District Development Planning Boards of Tasikmalaya, Ciamis, Xuningan,

‘Cilacap, and Majalengka work in coordination with the Greening and Reforesta-

tion Planning Office for Citanduy and Clsanggarung Watershed.

Discussions in the process of creating the plans are held by the Citanduy
Project/ECI/Counterparts where the Planning Boards of the five Districts act

as one group.

All District Development Planning Boards receive the Rough Draft for further
study and take an active part in the creation of the Final Draft of the
Outline/Master Plan.

The Final Draft of the Outline/Master Plan agreed upon by the Citanduy
Steering Committee will be ruceived by the District Planning Bo&tds and be
uséd as reference/basis for the setting up of each District Upper Watershed
Five Year Development Plan and Annual Plan.

 f;2 



"A.‘

THE PIVE YEAR/PROGRAMS AND THE ANNUAL PLAN/PROJECT
(IMPLEMENTATION PLANNING)
" FOR
THE UPPER CITANDUY ACTION PROGRAM

Five Year Plan

S 1

2.
: 3.
4.
5.

6

'7e<

L

Based on Outline/master Plan for the Upper Citanduy Basin Development
agreed upon by the Citanduy Project Sterxring Committee, the District

- Planning Boards of Tasikmalaya, Ciamis, Xuningan, Cilacap and Hajalehgka

in coordination, create a synchronized Five Year Plan for their
respective District.

The Citanduy Project/ECI/Counterparts and Greening and Reforestation
Planning Office give technical advices and informations to ensure an
efficient and effective plan.

Each District Planning Boards submits the plan to the Bupati,

- The Bupati together with the District People Representative Body legalize

the plan.
The Bupeti euhﬂita the plen to the Governor for legalization.

The Governor ueee the Diastrict Pive Year Plan as reference £or the
setting up the Provincial Five Year Plan which has to be legalized
by the Provincial Representative Body.

The Governor submits the Provincial Five Year Plan to the Minister
of Interior and the President to ba used as reference in the eetting up
ot the National Five Year Plan.

‘Annual Plan

Beeed on the Five Year Plan, the Dietrict Developlent Plenning Boerde
of Tasikmalaya, Ciamis, Kuningan, Cilacap and Majalengka, in coordiuetion,
create a synchroniged Annual Plan for their respective District.

The Citenduy/ECI/Counterparte and Greening and Reforestation Plenning
0£fice give technicel advices and informations to ensure an etficimnt
end effective Annuel Plan, '
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3.

4.

5.

6.

7.

8.

The Annual Plan consists of projects that should be done and financed by

a. The Department of Public Works (Dams, Checkdams).

b. The Presidential Instruction Projects (Reforestation and Greening,
Checkdams) . ‘

c. Provincial Administration (Greening Projects, Horticulture, Animal
Husbandry, Fishery).

d. District Administration (Greening Projects, Horticulture, Rice, Animal

Husbandry, fishery).
e. Village Administration and Farmers Association (complementing and

supllementing the INPRES and District Projects).
£. Special Presidential Assistance Projects (Animal Husbadry etc.).

Coordinated by the District Development Planning Board, the agencies

-involved propose parts of the annual projects within their respective

authority to their higher level agencies (Provincial and National level)
to be operated and financed sectorally.

.The pistrict Development Planning Board proposes all kinds of sectoral

prejects to the Provincial Development Planning Board and further
forwarded to the National Development Planning Board, including the projectc

'that should be the Presidential Instruction Programs/Project.

. The District Development Planning Board proposes the projects that should
" be done and financed by the District Administration to the Bupati.

The Bupati and the Dietrict Representative Body legalize the projects.

The District Develqpment Planning Board makes contact with the Subdistrict
Officials and Village Heads to plan village and farmers association projects.

,e, _The Sectorai/Departments projects are stated in the National Annual

~Budget.

'f‘c;Q;The Presidential Instruction Projects are stated in the District

fAnnual Budget.
.The Provincial Projects are stated in the provincial Annual Budget.

fcd; The District projects are stated in the District Annual Pudyet.
~e.' 'The Village projects are stated in the Village Annuzl Budget.
£, The Special Presidential Assistaace Projects are stated as Provincial andf

District Agencies projects.
g. The Farmers Assoclation projocts are roportod by the Villago Heads via Fubv=
District Officials to the District Develdpment Planning Board.
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A,

c.

ANNUAL PROJECT IMPLEMENTATION

Seatoral Pro-ject

1.

.2

Sectoral Project are done by Special Agencies of ¥rovincial Technical
Agencies. Provincial hgencies usually delegato the implementation of the
projects to the District Agencies,

The Departments inform the Governor about the projects,

The national Development Planning Board assisted by the Provinecial
Development Planning Board monitdrs or gives correction on the way to the
Sectoral Projects. In certain cases (but usv."'v all the time), the
District Development Planning Board has to record and report the progress
of the projects to Provincial Development Plarning Board.

Presidential Instruction Projects

1.

2.

3.

The District Administration/Executives implement the INPRES programs/
projects.

The Jrovincial Development Planning doard assisted by the District
Developnant Planning Board monitors/gi:as correction on the way to the

projects.

The Subdistrict officials, Village Head and Village Development Planning
Board has to record and report the progreas of the projects.

Provincial Projects

1.

2.

3.

Provincial projects are implemented by the Provincial Technical MAencies
or the District Administration. Provincial agencies and the Bupati
usually delegate their authority to the District Technical Agencles.

The Governor informs the Bupati about the projects.

The Provincial Development Flanning Board assisted by the District
Development Planning Board monitors/gives correction on the way to the
Provincial projects.

The District Development Planning Board records and reports the: ptoqz.ll
of the projects for the Provircial Dnvnlopl.nt Planning Board,
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F.

G.

District Projects

1,

2.

3.

4.

District projesc are implemented by the Distxict Technical Agencies.
The Bupati informs the Subdistrict Official about the projictl.

The District Development Planning Boarﬂ.assisted by the Subdtstrict
Officials, Village Head and Village Development Planning Board monitors
the projects.

The Village Develorment Planning Board records and reports the progress
of the projects for the District Development Planning Board,

Special Presidential Assitance Projects

L.

2.

Depending on the volume and kind of the projects, the projects are
implemented by the Bupati who delegates his authority to his Technical

Agencies.

The same as point D.2, D.3, D.4.

Village Projects

1,

2.

3.

Village projects are done by the Rural Social Committee,

In the implementation of the projects, the Rural Social Conittee gets
technical advice from the District Technical Agencies.

The Village Development Planning Board monitors the projects and reports
the progress of the projects to ths District Development Planning Board,

Farmers Association Proijects

1. Farmer Association projects are complementing and supplementing the
or Provincial, or INPRES, or District, or Village Irrigation projects,
oxr the combination of them.

2. The Village Development Planning Board reports the progress of the projects
to the Village Head and the Bistrict Development Planning Board.

Others

The Bupati could ask technical assistance/advice from.any agencies both
Governmental and Private if need be.
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"‘DR. HERBERT C. FLETCHER MEMORANDUM TO FILES



say 9, 1979
'MEMORANDUM;  1195/(37/1979
To t File -

From Dr. Herbert C. Fletcher
Subject : Watershed Management Orgaﬁization

On Tuesday May 1, 1979 I met with Dr. Emil Salim, Minister of Environment,
and Dr. Herman Hasruman regarding the organization chart I have developed for the
Provincial and Kabupaten levels.

We spent considerable time reviewing the concept of starting at the farmer
level and developing the present Government structure so it could carry out an

expanded upper watershed land and water development program.

I explhined that it was'my observation that unlessa farmer felt he had some
input into doing a job he was not inclined to accept the asi‘istance as part of his
operations. It w&s something imposed upon him by his superiors and it was their
respbnsibility>to maintain or care for the enterprise. A good example is the
' greenihg program. After the terraces are bui.t rarely do farmers maintain them.
They must participate on their own, and want the terrace. Incentives can be given
but these should not buy the farmer.

ST pointed out that several new positions would be needed to coordinate
existing Governmant programs with the needs of developing a multiple use plan at
the farmer level. We discussed why these new position 4uld be needed not an
existing position or some one that already has a full time job. As the program
expands the recommended new positions will be essential to a coordinated program,

‘Hé have learned from Solo, Majalengka and Panawangan Projects that the
technical'help, at the farmer level, is no better tlian the administrative program
that supports it. This is the major reason for developing a governmental structure
that comes directly under the accepted chain of coammand which is from the Provincial
and Kabupaten levels.
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It has been recognized for some time that the upstream farmers are not
managing their resources~according to the capabilities of the land, They are
not aware of their own problems and the erosion is rapidly destroying the soils’
ability to provide an adequate liming for their families. Most importantly the
farmers need advice and help on developing a multiple use type farming enterprise
that will control the soil and water problems end improve their resources instead

of destroying them.

It was pointed out that Government had provided considerable help in various
ways to farmers but that the programs were not coordinated and lacked focused
direction. The suggested organization was designed to accomplish this objective.
The program provides a day to day soil and water resource coordinator at the Pro-
vincial levels. His assignment would be to see all programs on a Provincial level
are coordinated toward the Kebupaten level soil and water development. At the
Kabupaten level the day to day coordinator would bring all technical help and facili-
ties, budgets and any other help for the farmer together and focus it to the various
Kecamatan levele. The day to day coordinator provides the multiple use plans for
farmers. Based on these plans, he provides the implementation of these plans on the
hydrologic units. The hydrologic unit is a group of farmers that agree to manage
their soil end weter resourcee according to the multiple use plan developed with
the. farmers and the conservationist.

As presently structured the agricultural administration, including the
rforest service, is not providing the kind of pereonnel or expertise which will he
‘needed to. prepare and implement a multiple use plan. Soil capabilities and water f
fmanegement are not fully coneidered..

‘Dr. Salim had many suggestions and nelps'to offer and suggested that people
ﬁand positions could be shifted to meet some of the needs., Some new positions will
'be required to start the program. He felt education and training was very essential
‘and would require much time to train the technicians and coordinators as well as edu-
'cating the farmers to what the program is should do and the farmers will participate.

The education and training positions recommended were very essentiai .0 the
entire program. Dr. Salim felt that at the village level the village association
then can fuction as the training center for all educational programs and could be
‘used to train farmers in the new land and water development program.
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APPENDIX H
COPY OF LETTER FR(M HR.‘SOEDIRO LEGAL OFFICER oF THE
. DIRECTORATE GENERAL OF WATER RESOURCES DEVELOPMENT

Jakarta, May 26, 1977
Our ref. : H. 3/1/3

Subject : Laws applied to an action program on soil and water conservation works.

Dear Sir :

Refgrting to your letter of May 4, 1977, concerning the subject as mentioned
above, we attached herewith a summary form of the laws requested consists of :

- 1. The Basic Agrarian Law No. 5 year 1960.
This law provides for State control over soil conservation, development
and utilization.
‘2. The Basic Forestry Law No. 5 year 1967.
' This law provides for State control over forest protection, administra-
'*'. tion and utilization.
i73. The Water Resources Development Law No.ll year 1974.
vThis law adequately provides for State control over water resources
’ conservation, development and utilization in line with the principles
. of the Basic Agrarian Law Wo. 5/1960.
4;‘ Instruction of the President R.I. No. 1 year 1976, concerning the
-  gsynchronization of the implementation of the tasks on the matter of
, forestry, mining, transmigration and public works.
5. Instruction of the President R.I. No. 8 year 1976, concerning
' '»teforestation and greening movement assistance Program to Local
Government.

We hope this information will be useful on your matter.

Sincerely yours,

' CC : Assistant Director Soediro
General of Water , Legal Officer

Resources Development . ‘Directorate General of Water Resources

Development Ministry of Public Horks
and Electric Power.
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In connection with the implementation of soil conservation works the

following legislation might impede or have a direct bearing on its application.

1. The Baéic Agrarian Law No. 5/1960 of 24 September 1960

The essential points :

1.1.

1-2'

1.3.° ¢

1.4,

1.5.

.Soil, water and space, including the. natural resources contained therein,

shall be controlled by the State  (Section 1 and 2).

State control as mentioned above empowers the Government to (SectionIZ) :

1.2.1. regulate and manage the utilization, supply and maintenance/
conservation soil, water and space.

1.2.2. determine and regulate relationships among individuals with soil,

water and space.

1 2 3. determine and regulate legal acts among individuals in respect

of soil, water and space.
The power of the Government creates various right of soil surface,

thich means the right on piece of land given and or owned by individuals,

corporation or Government agencies at the central as well as regional

'1§ve1 (Section 4).
_Lé@q:rights consist of (Section 16) :

1.4.1. hak milik -(land ownership right).

1.4.2. hak guna usaha (land utilization right).

1.4.3, hak guna bangunan (right build on land).

'1.4.4. hak pakai (land use right).

5;;4.5;.hak’pengeioléan (right to manage land).

';,456. hak sewa (land lease right; from the land owner to sugarc an

plantation firm or other plantation firm with asmnual Crojij «

 1 4'7. hak membuka tanah (land clearing right).

1 4. 8.’h4k memungut hasil hutan (right to take fruit of the toreﬁt).

L, 4 9..other'land right which will be determined by law f.e. : Water

use right, land pawn right etc.
All of land rights have social function. It means there is no absolute

>1and right and the use must be in accordance with the situation and

characteristic of the right for the welfare and prosperity of the

owner himself as well as of the people and State (Section 6).:
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2,

1.6.

1.7'

1.8,

The protection of the land, including the cultivation and prevention from.
damages, is the undertaking and responsibility of each individual, _
corporation or agency which has relationship with the land. Anyone :
who infringes this provision shall be liable to detention (minor
offences) ~--- (Section 15).

Land right can be cancelled if it's necessary for public interest as
well as Nation and State, by giving the proper compensation to the owner
under procedures of Law No. 20/1961 (Section 19).

The Government manages land register under Procedures of Govcrnment
Regulation No. 10/1961 (Section 19).

The Basic Forestry Law No. 5/1967 of 24 May 1967.

The essential points ;

2.1,

2.2,

2.3.

2.4.

-Forest is an area with trees and as a whole represent a living alliance

of natural biology and natural environment, and is decided as forest

‘by Government (Section 1 para 1). ]

Porest region is a certain area apointed by the Minister as permanent

‘forest. There are two kind of forest regions (Section 1 para 4)

2.2.1. Forest region which need to be preserved as permanent forest.

2 2, 2. .Unforest region which need to be reforested and preserved as
permanent forest.

Foreat including natural riches contained therein shall be controlled

‘by the State (Section 5 para 1). ‘

To -secure the maximum and multipurpose utilization of forest the

Government in the frame-work of land use Planning makes a general planning

of utilization of forest and covers the following matters (Section 6) :

2% 4,1. "In relation with water manzgement : flood and erosion control

and soil conservation.

12;4.1; Increasing the production and marketing of forest products to

fulfill public needs especially for development, industry and
export.

"2+4.3. Resource of various profession for the people who lives within

the forest area.
'2.4.4. Protection of natural biology and natural environment for the
- interest of knowledge, culture, national defence, riscreation and

‘-

tourism,



3.

2. 5.

206i )

2-7.‘ ,

'2.4.5. Providing land for transmigration, plantation/estate, and cattle

[

breeding.

2.4.6. Other matters which will be useful for public.

Forest administration is needed to reach optimum and multipurpose

utilization of forest, which covers, the following activities (Section 9)

2.5.1. to arrange and execute protection, cultivation/utilization and
greening movement.

2.5.2. to manage forest conservation for forest tourism, (wild) animals
and'hunting. |

2.5.3. to exscute forest inventory.

2.5.4. to execute survey on forest, forest produét and social economy
ofvthe people who lives within the forest area.

2.5.5. to arrange guidance and education in forestry.

'The‘Government can delegate apart of it's ow:i~r on forestry management

to Iocal Govermment with Government'Regulation (Section 12).
Foreat protection covers the following efforts (Section 15).
2 7. 1. to limit and prevent forest and forest product from damages
_ céused by human and cattle activities, burning and plant diseases.
2;772; to protect the state right on forest and forest product.

kY
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The essential points :

3.1.

3.2.

Water and water resources, including the natural riches contained therein
have a social function and shall be utilized for the welfare and prospezity
of the People (Chapter II Article 2).

.Water and water resources including the natural riches COntaihéd'the:eiﬁ g

shall be controlled by the state.

. . State control gives the Government some powers (Chapter IIX article 3).

3.3,

3.4.

‘The Government may delegate it's power to agencies at the control or

regional level or to specific bodies in accordance with conditions and
Procedures as specific by Government Regulation (Chapter III Article 4).
The Minister in charge of water affairs shall be responsible and
empowered to coordinate all mattars relating to general and project
planning and to the supervision, exploitation, maintenance, conservation
and utilizationhof water and water resources, for the interests of the

Departments and agencies con:erned (Chapter III Article 5).
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3.5...

3.6.

-Water, water resources, waterworks and stru- tures shall be

pernanently conserved and Protected, to this purpoae the following shali
be undertaken |
a. soil and water resources conservation
b. the control of harmful effects of water and water resources and on
the environment. e
Cc. the control of water poilution harmful to water uses ard to the
environment.
d. the conservation and protection of waterworks and structures in
order to ensure their permanent operation (Chajter VIII Artic le 13),
All provisions of the existing water legislation not contradictory to
this Law shall continue in force as long as, and until new requlations
are issued as provided in this Law (Article 16).
f.e. General Water Regulation (A.W.R.) year 1936.
Provincial Water Regulation (P;W.R.) year 1939,

4. Instruction of the President R.I. No. 1 year 1976.

The essential points

4.1.

4.3,

4.2,

Instruction to the Minister of Interior Affairs, Minister of
Agriculture, Minister of Mining, Minister of Manpower, Transmigration
and Cooperation, Minister of Public Works and Electric Power, to
synchronize the implementation of tasks on the matter concerning

_'forestry, mining, transmigration and public works.
‘The Governor/Provincial Head has responsibility to secure the
'providing of land for construction works and undertake the implementation
1o£ conservation of soil, water and environment in his jurisdiction
(Annex VII point 23).

The conservation works mentioned above consist of :

4.3.1. regulate/manage the utilization of land.

4.3.2. planting compulsory/reforestation/@reen1ng movement.

4.3.3. conservation and protection of land and prevention fro-'erolidn.
4.3.4. the control of forest cutting/deforestation.

4.3.5. the control and Prevention of air and water pollution.

4.3.6. protection against harmful effects of water rescurces (Annex VI
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4.4. For implementing conservation works, Governor/Provincial Hlld{nult'”“

' take attention to technical consideratiohs given by the concerned
Department (Annex VII point 24.1i).

4.5. If theare is an individual right on a piece land, on which conservation
works will be implemented the Government must compensate the lani owner

before execuﬁion.

Instruction of the President R.I. No. 8 year 1976 on : dreening Movement

and Reforestation Assistance Program

The essential point4

5.1. Instruction of the Minister of Interior Affairs, Minister of Agricultute,
Minister of Finance and State Minister of Economy, Finance and Industry,
to sxacute greening movement and reforestation assistance program for
the fiscal year 1976/1977 in the critical area within a river basin.

5.2. Local Government/Province execute reforestation and supplies secd and
seedling for reforestation and greening movement. Hegional Covernment/
Kabupaten executes greening movement (Annex, Article I Section 1).

‘5.3. = Greening movement means the annual plantation of trees or yrass or to

build erosion control structure (check dams) outside the state
forest area, or in other areas, where based on land use planning not for
forest, is set up.

.-.ﬁeforestation means the planting or rejuvenating trees or other
plantation in state forést area and other areas, where based on land use
blanning for forest, is set up. (Annex, Article I Section 2).

'“515:4} The purpose of this program is to secure the continuous function of

’ “'nﬁthral resources (soil, forest and water), especially in the critical

areas, which according to hydro-crology observation can endanger the

continuous aevelopment within or outside the river basin (Section 3).



5.5. The Minister mentioned above get the power to decide (Section 5)?t5g;

5. 6.

following items

&. Which Province will get reforestation assistance.

b. Which Kabupaten will get greening movement assistance. _

c. Location and area for greening movemenﬁ and reforestation, and the
related cost. J

d. Location and area for seedling ard the related cost.

Supply of fund for this Program will not vanish or diminish' Local Govern-

ment's undertaking to increase and coordinate the executipn of greening

movement and reforestation, which financed from other resources, by

Local Govermment, Plantation Cooperation, Forestry Unit and others

1ﬁc1uding forest use right holder, outside the areas of this program

(Section 11).
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