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O COST ESTIMATION

The cost estimation of this project is carricd out in two phases, first one is for the sclection of
priority region of the study arca at the Master Plan Study level. Second one is in accordance
wilh the resulis of above study, however more detailed cost estimation was conducted select
an appropriate allernative plan for the Feasibility Study.

The above mentioned two phases of cost estimation and the related cost data are below
described.

01 SELECTION OF PRIORITY REGIONS

01.1 Basic Conditions of Cost Estimation

The served population, wastewater flow rate and service arca for this study of sewerage and
sanitation system arc shown in Table O1-1. It has been used as basic data for the cost
estimation.

Table O1-1 Basic Condittons in Year 2015

Sewerage Sanitation Total
System Systcm
No | Region | Population § Wasiewater; Scrvice | Popubation] Wastewater; Service Populationi Wastewater} Service
Rate Arca | Rate Arca ' Rate Area

(Person) § (m3¥day) i (ha) | (Person) { (m3/day) : (ha) (Person) | (m¥day) i (ha)

| |Central | 751,800, 238,000 64600 109,600 18084 767 861,400 256,084 7,227
"3 |Norn 1| 379,100 89,0060 2,1900 12,906 2,129 a2l 392, ooo"' 91,129 2,232
3Nemn2| e TR TI50,0000 24,750 480 150,000 ""'24,751} """"" 480
L Y T R BT — "zsoé ;
S [Sowth 2| 183,006 SI,00G 22200 800G 1,320 191,006 52,320

e e il 'ié"é'('ibc ........................ |
T7fEastl | 500800 121,000 3,705 20200 3333 230 521,000 124,333 3,935

e i R N BT e

Total § 2,367,610 629,000 18,575 346,106 57,007 3,049 2713, ?105" 686,107 21,624

Note : Waslewaler Rate of above fable is indicated as the daily average.
The daily maximum is cstimaled as 1.1 times of daily average of wastewaler rate.
The hourdy maximom is estimaled as 1.65 times of the daily average of waslowaler quantitics.



(1.2 Investment Cost

a) Total Investment Cost

The total investment cosl for sewerage and sanitation system is shown in Table O1-2. And

invesiment cost for cach system is shown scparately in Table O1-3 and O1-4 attached at the

end of this scction,

The detailed land acquisition cost of both system is shown in Table O1-5.

Table 01-2 Summary of Total Investment Cost

(Unit : Miftion Quelzal

Direct Land |Enginecring Administration| = Physical '

No| Region { Construction| Acquisition Fee Fee Contingency| ‘Total
1 |Central 4433 33.0 26.0 13.3 443 560.4
..... slsrin 15 L ey e S
R T N G T Ry il il g gy
T B R G (i {64 5" e R Ty
g s 150 gl A T TETE
6 [South 3RS 12.7 15.4 7.7 2573186
B B | e 5575 R [ R— r e 31T
g lnis i by | 1
"""""" Total [ 1,770.1 16870 106.2 5301 177.00 2,214.4

Note 1. Enginecring Fee = (Direct Construction Cost) x 0,00
2. Administration Fec = (Direct Construction Cost) x 0.03

3. Physical Contingency

4. Cost : as of September 1995,

b) Direct Construction Cost

(Direct Construction Cost) x 0.10

The summary of direct construction cost of both system is shown in Table 01-6. The
detailed construction cost of the waslewater treatment and community plant, detailed
construction cost of primary and sccondary treatment facilitics for wastewater trcatment plant,
scwer pipeline, are deseribed in Table O1-7, 01-8 and O1-9 respectively,

The direct construction cost of communily plant for sapilation system is estimated in
accordance with the formula mentioned below and are estimated as (otal cost including the
materials, labors and somec benefits without a consumption tax (IVA). They have been

G-2



obtained bascd on the results of the survey conducted in Guatemala from April to July 1995,

C2=Ux N x W2/(10)%

---Whete---

C2

W2

Construction cost of community plant including the upflow filter /
absorplion well in Guatemala.  (Unit : Million Qucizales)
The "C2" is eslimated based on actual results of the similar constructed
facilities obtained from EMPAGUA and based on the results of trial

_ estimation.

Unit cost of above actual results. (Unit : Quetzal/im3/day)
(Note)
The unit cost  "U" is estimated as follows.
Septic Tank :  Q 19,000. (Capacity : 42 m3)
[ Data Source :  EMPAGUA ]
Upflow Filter / Absorption Well :  Q 11,000.
Flow Ratc is 14 m3/day, assuming that the retention time of waslewater in
the septic tank is three (3) days.

Therefore, the total construction cost is Q 30,000 and the unit cost "U"
was calculated Q2,100.

Capacity of a community plant.
The served population of a community plant is estimated as 1,000 persons.
W2 = {Datly Maximum ] x 1,000
=0.18 m3/c/day x 1,000 = 180 m3/day
Number of community plants
N = {served population) /1,000

01.3 Operation and Maintenance (O/M) Cost

a) Sewerage System

The operation and maintenance (O/M) costs required, consists of the annual O/M costs for

“wastewater tzcatment plant and sewer pipeline. The O/M costs of wastewaler treatment plant

arc composed of personnel cxpenses, disposalftransportation cost of sludge gencrated and

tepair costs. And that of sewer pipeline is composed of personnel expenscs and repair costs,

0-3



The conditions assumed for O/M costs estimation are descnbed below,

(i) Required Staff _
Wastewater Treatment Plant @ The required number of staff for routine operation work
is estimated as two (2) persons for each train. The staff required for laboratory analysis
works have not been included.

Sewer Pipeline : Major works include the cleaning and surveying in tie sewer pipeline.
The required staff for cleaning arc estimated as 15 man days per kilometer of sewer per
year (m-d/kny/y} ang for survey works 3 (m-d/kmyy).

(ii) Disposal/Transportation Cost of Sludge Generated in Wastewater Treatment Plant
The water contents of sludge is estimated to be 60 % after withdrawing from sludge
drying beds. Dried sludge is transferred to the disposal land for final disposal.

(iii} Repair Work
The required annual repairing cost is assumed to be 0.5 % of direct construction cost.
This should be sufficient since the system will be comprise of concrete structures
including scdimentation tanks, trickling filters and sludge drying beds, elc.

The summary of required annual O/M costs at 1995 prices for the full operational capacity is
shown in the Table O1-10 and further breakdown are desceribed in Table O1-11 and O1-12,
attached at the end of this section.

Table 01-18  Summary of Required Annual O/M Cost for Sewerage System
(Unit : Quetzal/Year)

ltem Central § North 1 | South 3 | South2 | South 3 | Eastl

1 |Wastewater Treatment Plant

-1 |Personnel Cost 1,200,000 480,000 300,000 240,060 360,0000 660,000

-2 |Transporiation Cost of 1,228,3601  401,144f 290,936 230,912 301,432} 548,416
sludge

-3 |Repair Cosls (0.5% of C/C){ 1,161,0000  468,5000 295,5000 237,500 353,0000 584,000
Sub-Toelal 3,589,3608 1,349,644 8864360 708,412] 1,014,432] 1,732,416

2 |Sewer Pipeline

-1 |Personnel Cost 2,404,258 845,359 647,704} 879,978 927,468 1,417,241

-2 |Repair Costs (0.5% of C/C}| 682,000 861,500 562,5000 477,000y 917,000 1,001,000
Svb-Total 3,086,258 1,706,859 1,210,204] 1,356,9781 1,844,468 2,418,241
Tolal OrM Cost 6,524,738 3,056,508 2,096,640 2,065,390 2,856,932 4,150,657




Note (1) The data source of "Unit Average Personnel Cosl" is accepted by EMPAGUA in June 1995.
{2) The data source of "Unit Transportation Cost" is accepted by Meunicipality of Mixco
in June 1995, it was approved by EMPAGUA promptly.
{3) Repair Cosls is estintated as 0.5% of construction cost . _
(4) The Personnel required for maintenance of pipeline is estimated as follows.
Cleaning Workers = (Pipe Leagth km) x 15 persons®day/km x (1/365 day)
Survey Workess = (Pipe Length km) x 3 persons*day/km x (3/363 day)

b} Sanitation System

The OM costs of sanitation system consists of annual costs required for community plant

- and sewer pipeline. The O/M costs of community plant are composed of personnel expenses,
disposal/iransportation cost of sludge generated and repairing costs. Cost for sewer pipeline
are composed of personnel expenses and repair cost. The condition of O/M costs estimation
are described below.

(i) Required Staff
Community Plant : The frequency of O/M of the community plants is considered to be
ence (1) a month and two (2) persons arc assigned for this job. The staff required for
laboratory analysis works have not been included.

Sewer Pipeline : Major works include the cleaning and surveying in the sewer pipelines.
The staff required for cleaning is estimated as 10 man days per kilometer of sewer per
year (m-d/km/y) and for survey works 2 (im-d/km/y).

(1) Disposal/fransportation Cost of Sludge Generated in Communily Plants
‘The water contents of sludge (septage) is estimated to be 93 % after digestion in the
scptic tank. Septage will be transferred to the wastewater treatmient plant for fuither
treatment.

(iii) Repair Work
The required annual repairing cost is assumed to be 0.5 % of direct construction cost.
This should be adequate since the facilitics such as scplic tanks, upflow anacrobic filters
and soil absorption wells will be built of concrete. '

The summary of required annual O/M costs are shown in the Table O1-13 and further
breakdown are described in O1-14 and O1-15, aitached at the cnd of this section.



Table 01-3 Sumnmary of the Invesiment Cost of Sewerage Syslem

{Unii : Million Quetzal)

Direct Land Engincering | Administration Fhysical
_No | Region Construction | Acquisition Fee _Fee Coniingency Total
263 221 1 369
. 9.7 16.0 80 26.6
3 {Nonth2 0.0 0.0 0.0 0.0
4 |South1 115 103 51 17.2
5 94 86 14.3;
»4| 182 254
20.9 19.0 a1z
B [East2 00 0.0 00 00!
Total 90.7 91.2 456 152.0
Table O1-4 Summary of the Investment Cost of Sanitation System
{Unit : Million Quetzal)
Direct Land Engingering | Administration Physical
__No | Region Construction Acquisition Yee Fee Contingency Total
_..1_|ceotal 4662 43 22 IS 248
''''' 2 |Nochtl b8 0.6 0.4 oy 0.7 87
.3, [Noth2 3.7 42 4. 21 69 338
4 [Southt " 03 01 L LU 20
5 |South2 52 07 04 o 06 80
6 [Southd | 38 23 02 el 03] ]
7 |East1 17.8 18 1.1 0.5 1.8 2.0
8 gEsst2 n4 34 43 F2L] I 11 583,
Total 2429 17.3 15.0 7.5 2390 314.7

Table 01-5 Land Acquisition Cost of YWastewater Treatment Plant

(Unit : Milljon Quztzal)

Sewerage System Sanftation System

No| Region | WWTP | Unit Gost | Sub-Tofal Unit Land Ared No's of Plami | Unit Cost | Sub-Total Tota)

() | (MQha) | (M9 | Pl @) MQha) | MO | (M0)
1 |Ceatrzl | 670 04| 268  ou 110 04 62 00
L2 veany |zl eaf s3] o1 1 04 06 . ...103
3 [Norh2 0D 02| 0o 0.14 10| 02 42 42
4 fsouny | 9 0f] .15 or| o3| o6 03] na
Sfsauh2 | usel  oel  oaf o enl 8l es o3 108
s | sl ol sl o £11 IR L N | O -
Bfes2 | 0ol es 00 oM sof .08l 34 . 34
Total 1850 90.7 348 17.3 1080

Note 1. The unit costs of land scquisition applied it, that were provided by EMPAGUA in June 1995,

2. The required area of WWITP is applied from results of the preliminary design for Master Plan.
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“Table 01-6 Summary of the Direct Construction Cost

(Unit: Million Quetzal)

Sewerage Sysiem Sanitation System

No| Region [Sewes Pipeling WWTP | Sub-Total [Sewer Fipeling WWTP_ | Sub-Total Total
.1 |Central 1364 22D 3687 0 1.6 7$6]
2 INorth 1 1723 .97 2659 19 4.9 68
oz | eol ool eof  wol seal  er e
_4 |South ] 1125 5.1 171.5 ¢4 L 1.5 130
_ 5 |South2 954 47.6 1430 32 30 6.2 1492
.5 [South3 L% ] SN A .51 1 HEVPN. 1 4 11 30 BT
L7 Eastl ) 2002 1168 ;“70 $.9 7.9 178 33148
N LY 094 o9 ....00 SIS W 4 EA

Total 900.2 6200 11,5202 1184 1315 2499 1,770.1

Table 01-7 Direct Constroction Cost of Wastewater Treatment Plant and Community Plant

(Unit: Million Guelzaly

Sewerage Syslem Sanitetion System
No | Region Primacy Secondary | Common | Seb-Total | Uait Cost | Community Plant Number of Sub-Total Total
Treatment | Treatmenl | Facilities cn (Q'm3/day) (m3/day) Community Plaat {C2) {C1+C2)
_1_[Ceninl 814 4931 14 2323 2,100 180 310)  d¥6f N8
2 [Nemh1 | 326|593 14 937 2,00 180 n» a9 9.6
3 [Nerh2 | 00 0.0 00 ¢ 2,300 189 150 567 587
_ 4 [Sevthl | 204 373 14 591 2100 180 3 RA; 60.2
5 [Sourh2 153 299 14 478 2,100 180 3 30 508
6 [Souh3 24.5 448 14 0.7 2001 i 31 718
7 [East] ldc_l,_s 7446 14 1168 M0 180 2 78] 124.7
S8 |ma2 | ool o¢ 00 ool 21 80) 4% sl sa
Tola} 2162 3956 8.2 6200 M3 1315 7516
Note 1 Cosi: as of Seplember 1995,



Table O1-8 Detailed Construction Cost of Wastewater Trealment Plant for Sewerage System
' {Unit : Quelzal)

Wastewater Rete (m3/day} Peimary Treziment Secondary Treatment Common_|

Dailly Daily Max No'sof | Unit Train Uoit Train

No|Regions Max  pecTrain Train Cost  Sub-Totad (1}  Cest  Sudb-Total {2)Sub-Total (3) Total

1fcemet | 260000 13050 20} 4077860 81,557,200 7463710 1492742001 13680001 2212240
2 |Nomhy | 97000 12035 8] 4077860 32622830 7463710 S9,709650] 1,363000f 93,700,560
3 [Modh 2 0 o 0 o o o o ol . 0
4{Sooth1 | 70000 14000 S| 4077860 203893001 7463710 373185501 1,368,001 )
5 [South2 35,000 13,350 4] 4077860 16312,440| 7,463,710 29,854,840 1,368,000 47,534,280
6 1South 3 72000 12,000 6 _m”fi‘,U?"l,Sﬁ.O 24,467,1601 7,463,710 44,782,260F 1,368,000 70,617,420
7 |East1 131,000 13,100 10f 4,077,860 40,778,600} 7,463,710 74,637,100 1,368,000 116,733,700
BBt 2 0 0 e Y L O, L DO ; S

Tote] | 686,000 - 216,126,580 395,576,630f 8,208,000] 619,911,210

{Note]

1. The unit price in above table applied the valug which were estimated by EMPAGUA
and susvey results of JCA Study Team in June 1995 jn Guatemala.
2. The above construction codl is fully treated by local curtency.

3. Cost : 85 of September 1993,

Tsble 01-9 Direct Coastructioa Cost of Sewee Pipelise
{Unit : Millon Quetzal)

| Secwerage Symiem Sazitation System
No| Regioa | Trunk Sewer] Branch Sewer| Existag Seweied | Sob-Toul | Ascrage Dia | UnitCost | Pipe Leogth [Existing Sewered | Sub-Towal Total
Area {%) _{m) {O/m) (m) Arca_{%)

1 [Cenwal | _ 513 853 %23 1364 0320 18842 117,000 o] me] 189k
2 W1 ) 310] 1913 M 1723 .20 186,42 10000 _ 00]_ 19 1741
3 |[Noth 2 141] 00 Q.0 (] 0.20 15592 111 .000] a2 120 120
_4 Sk} 2 854 550 U2 0.20 186.42 2000 02 04 124§
_5 |south2 192 562 735 5.4 (¥} 18542 17000 oo 12 936
_6 fSouth3 | 13 1431 3119 1834]  0z0] 16642 10,000 00 19 1353
v fesma | 398 847 419 002 020 18602 $0000 oo 99 2101
8 |pan2 09 Q0] ©0 00 02| - 135428 324000 63 543 563
Tota] 2224 677138 2002 i 000 e 14 10186

Note }. Unit Cast in shove 1able applicd the value which wem es¥mated by EMPAGUA i Junc 1995,
2 The data sousoc of gbove “Existing Sewered Area® are so0cpled from EMPAGUA in Junc 1995,

3. Cost : as of Scpiember 1995,



Table O1.11 Annual O/M Cost of Wastewater Trealment Plant for Sewerage System)

Ttem Unit Ceatral | Noth1 Notth? Scuthl | Sowth2 | Southl Eastl {Fas1?2
1 [Poputlation person 731,800 379,100 o 277510F 183,000 275400] 500,800 0
2 [Wastewater Qty : Daily Average mid 238,000 £9,000 0 64,000 51,000 66,000 121,000 0]
3 1Sludge Qiy (as Wc:60%) " ton/Y 37450 12,230 1) 8870 7,040 9,190 16,720 ¢
4 |No's of Trains No's 20 8 ) 5 4 ) 10 0
5 |Personnel Cost QuoelzalfYear | 1,200,000] 480,000 0| 300,000 240,000| 360,000f 600,000 1]
6 {Personnel for O/M person 40.00 16.00 0 10.00 8.00 12.060 20.00 0
7 |Unit Average Personnel Cost QuetzalrYear 30,600 30,600 i 38,000 30,00 _30.000 30,0600 0
8 |Transportation Cost of sludge Queizal/Year | 1,228,360 401,144 Of 230,936] 230912 301,432] 548416 0
9 [Unit Studge Transporiation Cast | Quetzalion 28 38 0 ki k.1 328 328 323 h]
10 |Repair Costs (01.5% of CiC) QuetzalfYear | 1,161,000 463,500 o 295,500]  237,500]  A53,000] 584,000 0
11 |Unit Cost of O/M | Quetzal¥m3 0.04 0.04 a 0.04 0.04 0.4 0.04 0
Not (1) "Unit Cost of O/M" = (Personne] Cast) + (Transportation Cost of sludge} + (Repair Costs)
(2) The water conterts of shudge is estimated as 0% after 1o dried up in sludge drying beds.
Table 01-12 Annual O/M Cost of Sewer Pipeline {or Sewerage System
{tem Unit Ceatral Nodh 1 {Noth 4 South i South2 | South 3 Fastl |East2
1 |Lengh of Sewer Pipeline km 1,625.1 5714 00 4378 5948 £16.9 958.0 00
-1 Trunk Sewer km 101 33| o0 2738 39.8 168 na oo
2|Brench Sewer ki 1,615.0 5473 00 4100 5550 590.0 9263 00
2 | Pipe Diameter (Min of Trunk) fnt .- 250 - 250 250 200 250
ditto (Max of Trunk} mm 3,000 1,500 .- 1,500 1,500 1,500 1,500
3 |Personnel for oM pReson 80.14 28.18) 000 21.59 29.33 092 47.24] 000
-1|Cleaning person 6678 2348} 000 1799 24,44 25.76 3937 0.00
-2}Survey PRS00 13.36 430} 000 kX 4] 489 515 7.87{ 8.00
4 JUnit Average Personne] Cost QueizelYear 30,000 30,000 0 30,000 30,000 30,060 30,000 0
5 |Pecsonnel Cost QuelzalfYcear | 2,404,258 §1457359 o] ¢17,761] 879,978] 927463| 1117241 0
6 |Repair Costs {(0.5% of GC} QuewalfYear | 682000 861,500 0] 562.508] 477,600] 917,000] 1,001,000 0
Total O/M Cost Quetzal/Year | 3,086258{ 1,706,959 o] 1,210,204] 1.356,978] 1,844 468( 241824 0




Table 01-13 The Summary of Required Annual O/M Cost for Sanitatlon System

ftem Unit Cenirel | Nooth 1| North 2 | South } | Sovth2 | Souwth3 | Eastt | Fast?

1 [Community Plant
-1[Personngt Cost Quetzal/Year | 220,000] 30,000, 300,000| 30,006 30,000 30,0001 42.000] 80,000
-2 Transportation Cost of sludge Quetzal/Year | 1402831 16,512( 192,000;  3,200] 10,240 3,712| 25,856] 51,200
-3} Repair Costs (0.5% of (VC) Quetzal/Year | 208,000] 24,500 283,500| 5,500] 15,000 75,500 39,500f 75,500
Sub-Tota) 5682831 1,012 775,500| 38,700] 55,240] 39,212| 107,356} 206,700

2 tSewer Pipeline

-1iPersonnel Cost Quetzal/Year | 174,575 30,000( 109,479 30000| 20,000{ 30,000 52,274| 319,562
“21Repair Costs (0.5% of G'C) Quetzal/Year | 165,600 9.500| 60,000 2,008] 16,000 9,500] 49,5007 281,500
Sub-Tolal 339,575 39,500| 169,479 32,008] 46,000| 39,500| 101,774| 601,062
Total OM Cost Quetzal/Year | 07,863} 110,512) 944,979 70,700) 1 bl ,240]  78,712] 209,130| 807,762

Note {1} The data source of "Unit Average Personnel Cost" is accepted by EMPAGUA in June 1593,

{2) The data source of *Unit Transportation Cost” is accepted by Municipality of Mixco

in June 1993, it was approved by EMPAGUA promptly.

{3) The inteeval of mainienance works at the community plani assumed as careied oul one time by wo workers in evecy month.

(4} Repait Cosls is estimated as .5% of construction cost .

(5) The Personnel number of maintenance of pipeline is estimaled as follows.

Cleaning Workers = (Pipe Leagth km) x 10 pecsons* dayikm x (1365 day)

Survey Workers = (Fipe Length km) x 2 persons*day/km x {1/365 day)

Table 01-14 Annual O/M Cost of Community Piaut {or Sanitation System

ftem Unil Central | North 1] North 2| South 1| South 2 [ Sowth3 | East1 | Fasi2
1 |Population persen 109,600] 12,900] 150000; 2,500 3,000 2,900] 20200| 40,000
2 |Wastewaler Qy : Daily Average m3jd 18,034 2,129] 24,750 413 1,320 4791 333 6,600
3 [Stedge Oty (as We:97%) tory'Year 4,384 516] 6000 100 320 116 803 1,600
4 |No's of WWTP No's 1o 13 150 3 8 3 21 40
5 |Personnet Cost Quetzal/Year | 220,000 30,000] 300,600| 30,000] 30,000 230,000; 42,000] 80,000
6 [Personnct for OM person 7.3} 1.0})  10.00 100 - 1.00 1.00 1.40 2.67
7 |Unit Average Pessonncl Cost QuetzalfYear | 30,000 3{;,000 30,000| 30,0000 30,600 30,000 30,000] 30,060
8 |Transporiation Cost of sludge Queizal/Year | 140,288 16,512| 192,000] ~3,200{ 10,240] 3712t 25856] 51,200
9 |UnitSledge Transportation Cost| Quetzaliton n k> Y 32 kY ) » 32
1} Repair Cosls (0.5% of (6C) QuezalfYear | 208,000) 24,500] 283,500 5,500 15,000 S5500; 39,500; 75500
11 |Unit Cost of O/M Quctzal/m3 .09 0.09 0.09 026 ol 0.22 0.09 0.69

Note (1) "Unit Cost of O/M” = (Persanael Cost) + (Transportation Cost of sludge) + {Repair Cosis)

() Unit Q'ty 2 capita of sludge geacration is estimated as 40 liter (as waler contents is 93 %) per capita pec yeat,
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Table O1-15 Annual O/M Cost of Sewer Pipeline for Sanitation System

Hem Uait Central | North 1 | North 2 | Seuth | | South 2 | Sowth3 ] East1 § Fast2

1 |Pipe Length km 177 10 111 2 7 10 53 I
2 |Pipe Diameter mm 200 200 200 200 200 200 200 200
3 [Personnel for OM person 552 1.00 A6s 1.00 1.00 10D 1.74 10.65
-1|Cleaning person 4.85 0.27 304 G.05 047 027 145 888
-2|Survey persen 0397 0.03 0.61 0. 0.09 0.03 0.2% 178

4 {Unit Average Personne] Cost QuetzalYear | 30,000] 30,000) 30,000] 30,000| 30,000] 30,000| 30,000 30,000
5 [Personnel Cost Quelzal/Year | 174,575 30,000f 100,479} 30,000f 30,000f 300007 52,274] 319,562

6 |Repait Costs (0.5% of C/C) QuelzalfYear | 165,000 9,500] 60,000] 2,000] 16,000] 9500] 49%,500] 281,500

Total OM Cost | Quelzal/Year | 339,575] 39,500} 169,479] 32.000( 46.000] 3%,500] 101,774] 601,062
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02 ALTERNATIVE STUDY ON THE FIRST STAGE PROJECT
(02,1 Fundamentals Conditions of Cost Estimation

a) Design Area

At the Master Plan Study, Central and South 3 Regions were selected as priority regions,
Although the two regions are proposed to be implemented in three (3) stages, first stag of
each region is considered for the feasibility study.

b) Design Condition

The basic conditions such as served population, served area and wastewater ratc are @
described in Table 02-1,

Table 02-1  Summary of Design Conditions

Region Central South 3

Basic Ilem Unit | Sewerage |Sanitation | Sub-Total | Sewerage |Sanitation {Sub-Total

Served Population Person { 520,400 33,900 554,300] 44,700 2,900] 47,600
- Served Scitlement No's 20 --- . 3 .

Served Area ha 4,605 283 4,888 896 42 938

Wastewaler Rate (Daily Maximum)| m3/day | 196,000 6,140] 202,140 36,000 530 36,530

Wastewater Rate (Daily Average) | m3/day | 179,000 5,600 184,600 33,000 480] 33,430

Flow Rate of Unit Train in WWTP| m3/day 13,070 9,600

( Daily Maximum ) '
Train Number of WWTP No's 15 4

[Note] WWTP : Wastewaler Trcatment Plant {or Sewerage System.

¢} Outline of Facilities to be Constritcted

An outline of the facilitics 1o be constructed in first stage for Central and South regions are as
follows.

Sewerage System 1 In Central Region, the facilitics to be constructed are main sewer

pipeline as the collector which is constructed by tunncling mcthods (diameter : 3.0 m,
length : about 11 km) and primary treatment facilities of waslewater treatment plant, On the
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other hand, in South 3 Region, main sewer pipeline as the collector and branch sewer which
is constructed by open cut and tunneling methods (diameter : 1.5 m, length : about 10 km),

primary and sccondary treatment facilitics of wastcwater treatment plant arc the main

facilities.

Sanitation System : The arca which can not be collected by proposcd sewerage system is
considered for sanitation system, which include construction of sewer pipeline and
community ireatment plant in the colonies. In the first stage of Central region, twenty (20)
seittements are proposed to be implemented with Sanitation System and for South region,
three (3) setilements are proposed to have Sanitalion System. The Sanitation System has to
serve mainly low income homesteads or slums who arc living ncar and/or in the valley.
Therefore, access roads for consteuction and maintenance of the community treatment plant
is necessary {0 include in this project because most of them do not have existing roads to

proposed plant.

02.2 Investment Cost

"The major componcnts involved in cost estimation and method used are same as described in
the previous section, However, the total investment cost of sewerage and sanitation system
are updated as of February 1996. _

Among the above, only a part of engineering fee is considered as forcign currency portion
and other are considered in local currency portion in principle.

The total investment cost is summarized below and shown in Table 02-2. Further details of
total investment cost for sewerage and sanitation system arc shown in Table 02-4.

Table 02-2 Summary of Tetal Investment Cost
' (Unit : Million Quetzal)

Region
No Cost ltems Cenlral Souwth 3 Total

I |Dircct Coastraction : . 379.5 173.8 553.3
2 |land Acquisition 29.2 _ 18.1 413
3 |Engineering Fee 22.8 13.9 36.7
4 |Adminisiralion Fee 114 5.2 16.6
5 |Physicat Conlingency 38.0 X 554

Total | 480.9 228.4 709.3




a) Direct Construction Cost

‘The direct construction cost of sewerage and sanitation system are estimated based on the
preliminary design mentioned above and unit construction costs that has been oblained based
on the results of the survey conducted in Guatemala from Aprif 1995 (0 February 1996. The
direct construction cost is summarized below.

Table 02-3 Summary of Direct Construction Cost
(Unit : Million Quetzal)

Region| Central - South 3
No ftem Lic FiC Total L/C FiC Total

1 Sewerage System 3315 0 331.5 168.0) ) 168.0
(1) Sewer Pipeline 221.1 0 221.1 78.2 0 78.2
{2) WWTP 1104 0 110.4 89.8 0 89.8

2 Sanitation System 48.0 o 48.0 5.8 0 5.8
(1) Sewer Pipeline 33.3 0 33.3 4.6 0 4.6 -
{2) Community Plant 14.7 0 14.7 1.2 0 1.2
Total of Direct C/C 379.5 0 379.5 173.8 0 173.8

Note 1. WWTP: Wastewater Trealment Plant
2. LiC: lLocal Currency, E/C: Foreign Currency

The detailed dircct construction cost of sewerage system and unit train cost of wastewater
treatment plant arc shown in Table 02-5 and Table 02-6, attached at the end of this section.
The detailed direct construction cost of sanitation system and further detailed break down of
construction cost for each scltiements arc shown in Table 02-7 and Table 02-8 respectively.

The direct construction cost are estimated as fotal cost including the malerials, labors and
some benefits, without a consumption tax (IVA).

The unit relevant construction cost of sewer pipcline has been estimated based on the actual
results obtained from EMPAGUA, which are shown in Table O3-1.

The other unit costs of consltruction works except the tunneling works of sewer route in the

hard rock arca for Centrat Region and materials have been investigated by HCA Study Team
in Guatemala and arc described in Table 03-2.
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b) Land Acquisition Cosl

The required land area for the wastewater trcatment plants (WWTP) and community
treatment plant for cach region, is considered in the preliminary design and unit cost is
applicd from survey results obtained from EMPAGUA in Febrvary 1996.

The land acquisition cost of sewerage and sanitation system are described in Table 02-9,10
respectively.

The land acquisition cost of sewer pipeline installation s not considered since it will be
installed underground the existing roads and under the hills / mountains of government
reserved land in principle.

¢) Engineering Fee

An enginecring fec is the fee of designing and supervision of construction works which are
conducted by the consultants after obtaining approval from Guatemala side. It has been
assumed to be six (6) percent in Central Region and eight (8) percent in South 3 Region of
the direct construction cost o account for the scale of the project.

d} Adntinistration Fee

An administration fee, is the cost required to carry out this project. It has been assumed to be
three (3) percent of the direct construction cost.

e} Physical Contingency

The contingency has been estimated as ten (10) percent of the direct construction cost.

02.3 Operation and Maintenance (O/M) Cost

The operation and maintenance (O/M) costs of sewerage and sanitation system consists of
annual O/M costs requircd for wastewater treatment plant (WWTFP), community treatment
plant and sewer pipeline.

The O/M costs of the former arc composcd of personnel expenscs, dismsal[lrénsportation
cost of sludge gencrated and repairing costs. And that of sewer pipeline is composed of
personnel expenses and repairing costs. These O/M cost are eslimated as of February 1996.



The conditions of OM cost estimation, such as number of  required - staff,
disposal/transportation cost of sludge gencrated and repair works of sewerage system and
sanitation systens, are same as described in Section O1.3 of this report.

The summary of required annual O/M costs for sewerage syslem at the first stage is shown
in Table 02-11. Further dctail§ arc shown in Table 02-12,13 atlached at the end of this
scction. In the sanitation system, the summary is shown in Table 02-14, and details are
mentioned below in Table 02-15,16.
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Table 02-4 Total Investment Cost

(Unit :Quelzal)

6. WAWTP : Waslewater Treatmen! Plant
7. L/C: Lecal Currency, F/C: Foreign Currency

1. Cost : as of Febreary1996, excluding a Consumption Tax (iVA)
2. Exchange Rate (recent six month) : US$ 1.00 = Quetzales 5.88 = Japanese Yen 99.12

4. Administration fee is assumed as three (3) percent of the direcl construction cost.

0-17

5. Physical contingency is assumed as fen (10) peccent of the direct construction cast.

Region Cealral N South 3 Grand

No Cosls Tiem ‘ L/C FC Total LC EC Total Tolal
1 Direct Construction | 379,522,461 0]379,522,461] 173,835,976 0|173,835,976] 553,338,437
-1 Sewerage System 331,524,089 0]331,524,089| 168,009,211 0/168,009,211| 499,533,300
{1) Sewer Pipeline | 221,135,589 0{221,135,589| 78,184,441 0| 78,184,441] 299,320,030
{2) Wwrp 110,388,500 0] 110,388,500{ 89,824,770 0| 89,824,7768] 200,213,270
-2 Sanitation System 47,998,372 0| 47,998,372 5,826,765 0] 5,826,765 53,825,138
{1) Sewer Pipeline 33,326,159 0] 33,326,139] 4,553,822 0 4,553,822 37,879,981
(2) Comntunity Plant| 14,672,213 0] 14,672,213] 1,272,543 0l 1,272,943 15,945,136
2 Land Acquisition 29,236,300 0] 29,236,300] 18,113,000 4] 18,113,000 47,349,200
-1 Sewerage System 28,000,000 0] 23,000,000( 18,000,000 4] 18,600,000 46,000,000
-2 Sanitation System 1,236,300 0] 1,236,200 113,000 0] 113,000 1,349,300
3 Engineering Fee 5,692,837 17,078,511 22,771,348 3,476,720 10,430,159] 13,906,878 36,678,226
4 Administiation Fee 11,385,674 0] 11,385,674| 5,215,079 4] 5,215,079 16,600,753
5 Physical Contingency| 37,952,246 0} 37,952,246] 17,383,598 4] 17,383,593 55,335,844
Total 463,789,518! 17,078,511|480,868,029|218,024,372] 10430,159)228,454,531] 709,322,560

{Note )

3. Engincering fee is assumed as six (6) pereent in Central and eight (8) percent in South 3 Region of the direct construction ot



Table 02-5 Detailed Divect Construction Cost of Sewerage System (1/2)

{1} Region: Central {Unit : Queizal)
L/C
No liem Description Unit | No's | Unit Price | Sub-Tolal
1 |Sewer Pipeline
1.1 |Trunk Sewer » |Total Length m 11,040
1)| Concrete Pipe {funneling)
Soft Rock Area ( by Man Power }|Dia 3,000 6,880 7,692 52,920,960
Hard Rock Area ( by Machine ) |Dia 3,000 4,080 38,500] 157,080,000
)| Disposal of Excavated Materials [less than L=10km m3 | 123,000 65 7,995,000
3)|Pipe Bridge (1.=20m) Dia 3,000 No 41 253,000 1,032,000
)| Vertical Shafls Dia 3,500 x 50mh No 14 151,974 2,127,629
5)|Roads (including restoration)
New Road (unpaved) width=3m 400 )]
New Road (paved) width=5mm 900 0
Resteration {paved) width=5m 260 0
. Sub-Total (1) 221,135,589
2 |Waslewater Treatment Plant
2.1 |Prireary Treatment Facilities Primaty Sedimentation Train 15] 2,905,100 43,576,500
2.2)Secondary Treatment Facilities  |Trickling Filter etc., Train 0] 11,667,300 0
2.3|Common Facilities (1/2) 3/1 of Sludge Beds, Ponds| Set 0.75) 64,960,000 48,720,000
1/2 of Ponds Set 0.5] 4,450,000 2,230,000
2.4{Common Facilities (2/2) Buldings, Roads, etc., Set }{ 15,862,000 15,862,000
Sub-Total (2) 110,388,500

Grand Tota)

331,524,089

Note 1. The unit price in above table is derived from the survey results of EMPAGUA

and HCA Study Team in Guatemala.

2. The above construction cost is Fally Lreated by local currency (L/C).

3. Cost : as of February 1996.



Table 02-5 Detailed Di_recl Construction Cost of Sewerage System (2/2)

{Z] Region:Southld Uit : Quetzal)
' Lc
No Ttean Description Unit | No's | Unit Price Sub-Total
1 |Sewer Pipeline
1.1 | Trunk Sewer Tolal Length m 17,320
1}{Concrete Pipe (Opea cul) i.:)ia 300 x 2mh m 1,730 403 697,363
" Dia 400 x 3nth m 2,010 602 1,209,095
» Dia 500 x 3mh m 1,040 723 152,388
® Dia 600 x 3mh m 1,050 902 946,659
" Dia 750 x 3mh m 200 1,279 255,800
" Dia 1,200 x 3.2mb m 1,150 2,626 3,020,130
2){Concrete Pipe (Tunneling) Dia 1,500 m 10,020 1,553 15,561,060
3)|Disposal of Excavaled Malerials [less than L=10 km m3 | 37,000 65 2,405,000
4)|Pipe Bridge (1.=50m ) Dia 400 No 1| 330488 330,458
* Existing (L=70 m} |Dia 730 No 1 74,064 74,064
53{ Vertical Shafls Dia 2,500 x 50mh m 13| 118924 1,546,012
6)[Roads {including usioral.ion)
New Road {(vapaved) width=3m 400 v}
New Road (paved} widih=5m 900 o
Restoration (paved) widih=5m 7,180 260 1,866,800
Sub-Total (1.1} 28,664,858
1.2|Brunch Sewer (Open cut } Diz 200 x 3mh m 86,130 471 40,562,062
(@270 myha x 319 ha )
Repair work on roads width=2m m 86,130 104 8,957,520
Sub-Total (1.2) 49,515,552
Sub-Total(1) 78,184,441
2 |Wastewater Treatment Plant
2.1|Primary Treatment Facilities Primary Sedimentation | Train 4| 4,964,100 19,856,400
2.2|Secoadary Treatment Facilities | Trickling Filter etc, Ttain 4| 11,958,400 47,833,600
2.3|Common Facilities (1/2) 5/6 of Sludge Beds Set 0.83] 19,939,000 16,565,970
. 1/2 of Ponds Set 0.5] 1,160,060 580,000
2.4{Common Facilities (2/2) Buldings, Roads, clc, Set 1| 4,588,800 4,988,800
Sub-Total (2) 59,824,770
Grand Total 168,009,211

Note 1. The unit price in above lable is derived from the survey resulis of EMPAGUA

and JICA Study Team in Guatemala,

2. The above construction cost is fully trealed by local cusrency (L/C).

3. Cost : as of February 1996.
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Table 02-7 Detailed Divect Construction Cost of Sanitation System

[1}

Region : Ceniral

[Unit : Quelzal]

Sewer Communily
No | Name of Settlement Pipcline Plant Total
1|Final 1,749,586 248,620 1,998,206
2|El Pilar 5,248,759 601,110 5,849,869
3|El Cambary 793,985 135,992 929977
4| Campo Seco 650,807 557,431 1,208,238
5|Colinas [ & 11 762,529 416,596 1,179,125 -
6]Quintanal 3,150,559 1,477,968 4,628,527
7|Santa Faz 417,601 294,631 712,232
8{Bethania Sec I 1,186,638 605,031 1,791,669
9| Bethania Sce 1l 1,575,397 843,148 2,418,545
10[Seis de Octubre 1,062,985 668,552 1,731,537
iJoyal 2,029,548 1,045,701 3,075,249
12{Joya 11 2,029,548 1,045,701 3,075,249
13}Joya UI 2,029,548 1,045,701 3,075,249
14/La Joya IV 1,122,985 740,552 1,863,537
151El Tuerto 424,109 263,481 687,590
16/ Finca El Carmen 695,279 411,424 1,106,703
17t Modrno San Antonio 155,279 460,341 1,215,619
18|Colon. Arqueta 3,083,295 891,041 3,974,336
19{Jocotales 2,214,158 1,068,751 3,282,908
20| Incicnso 2,343,564 1,850,442 4,194,006
Total 33,326,159 14,672,213 47,998,372
Note: 1. The unit price in above tablc is derived from the survey results of

(2]

EMPAGUA and JICA Study Team in Guatemala, -
2. The above construction caost is fully teeated by local currency.
3. Cost : as of February 1996.

Region : South 3

{Unit : Quetzal)

Scwer Community
Name of Sctlicment Pipcline Plant Total
1{Loma Blanca i 924,146 397,401 1,321,547
2|fL.oma Blanca i 924,146 435,201 1,359,347
3|Plaza dc Toros 2,705,530 440,341 3,145,811
Total 4,553,822 1,272,943 5,826,765

1. The unil price in above table is derived from the survey results of

EMPAGUA and HCA Study Tcam in Guatemala.
2. The above construction cost is fully trcated by Jocal currency.
3. Cost : as of February 1996.



Table 02-8 Detaited Direct Construction Cost of Each Setttement for Sanitation System (1/3}

1] Reglon i Cenfrnt (L5 Nuits: Quetzaly
1 2 3 4
hind 8 Fitar Blmtay | Campo Sxo Colinaal &0
o Bem ipton | Undt | Unz Price[ Romial  Toat | Soaben]  Toml | |Nombes|  Tots! | Nombes!  Tota! |Numbea! Toul
{Basic Conditions } Seoved Popolation [ pesant = 30 1550 1,200 E)
Served Area a - 1533 4839 732 600 203
Wadewaier Rate | myd ) Dally Mayg o] 2730 L3 216 122
Ul Genesation | iped | Dally Mag L 1)) 180 130) 140
1 [Sower Pipoline
1) Coacvelz Pipe (Opes ot )
M [¥a 200 x 2mb m 27| A0 1102628] 11,130] 3307835]  1484]  S008M 13800 145 1817 480543
* i X0 x 3mh = 0N 0 0| [ 0 1]
M D2 250 x 2mh 350 LY 0 O ] i
M Dia 300 x 2mh o 03 0 0 0 0, [
DiMazhcles
Dix 1,500 x 2md | Moy 8119 M| €655 23] 1,90 8N 3 291534 28 0654 Y 241,96
> Dix 1,500 x3oh | Now 2827 0 0 0 0] 0
* Dia 1,500 % 4mh | Moy 13342 0 0 0 ) [
) Reads (Inchuding rcskration)
New Foad (unpaved) widh-3m ] 300 0 0 O 0] 3
. *t=5m m 400 Q Gr o 0, o
Restwocaton (pricdy widd=5m m -y o ¢ O L1, 1]
Sub-Tolal 1) 1,745,386 3248759 793,885 £50,8407] w8255
2 |Community Plaal
-t Snptic Tank & Anserchic Filter miyd 2,100 0] 0 S 183,001 18] 452,600 WY R020
2} Sepiic Taok & Absorption Well md 2,100 201 189,000 200 567500 e 0 ¢
-3 Drscharge Pgc
* Biz X0 x T m 297 O 0 10) 2972 100 nm 0 2916
M Enz 250 x 2mh m 350| q 0] 0 0 [+
* B2 30) x 2nh L] a0 0 o ] 0 o
AJ tand Preperation 2 1 520 6270 12680 13 8601 N 620 1,260 13560 $30 10,230
=58 Fenoe m X)) 83 13,350 133 2,250 83 13,350 135 20,230 1y 1825
Sl Access Road fuspaved) Width=2m m 400) 100 40,000 ¥ 0 00 40,000 W) 000
Sub-Tetal 2] 248,620 601,110 135592 357431 1165%
i Gead Tohal 158,206 $ 539 365 ST 1,268,238 TATLES
It} Reglon ; Ceotral 2:5) (Uni ! Quetad)
3 7 -] g
Quintanal Santa Faz Bethaajs See Bethanda Sec I
_Ma hem Dczaiption | Uait { Unk Poioe| Numbes,  Tolel | Numberst  Total Nundes)  Toul | Numtes) . Tota)
[ Baskc Condificns ) Seved Fopulation | pemon) - 33,7004 €00 LAWK 2000
Served Area T - 3.7 325 105 13.07
Wastewatrs Rate | myd | Daily Max £66] i 257 360
Und Generation | Ypod | Duily Mo ¥80| 154 13 18¢
1 {Sewer Pipeline
1)| Coacrcle Pipe {Open at)
= Dia 200 % 2mYy W 297 U] E36] 263,182 25:16] 74TA6 0
. Dia 200 % 3oth m 47 o - 0 O o
i - D 2502 2mh m 350 9 0] o 3006 LOSINTI
. Dia 30 x 2mh o Kf 5856 21990 0l { ¢
2| Manboles
" Dia 1,500 % 2wk | Moy 8715 108 $5),385 18] §51,420) S0l 38,592 0l S
- D2 1,500 x 3ob | Dok 8827 9 [ 0 0
- Tia 1,500 x4mh | Mob 13342 0l 0] AU 9
3)| Reads {including restoration)
New Road (anjaved) RSALELT) m s 0 0 9 9
. width=5n n 40 Ol 0 9 L]
Rextoration {paved) width=5m 260 0 ] o 0
Sub-Total ) 3,150,558 417,60} 1,185,638 1575397
2 [Community Plam - ’
1| Septic Tank & Anacobiic Filtey myd 230 0 0 108F 226,900 357 $529.200 3600 756000
-2 Suptic Fank & Absaption Wel A ALY G661 1,358,600 0 0 Q
3 Dishargt Pipt
. Dia 200x 2mh m %7 0 100 ¥l 100] poRre] 1}
- Dia 250 x2mh ] 350 0 0 0 100 34968
. {Dia 300 x2mh m mJ FA3 10,0"4 v L L]
-4/ Land Pieperation m2 11 I e 1260 13852 1260 13860 1550 133
<5/ Fenoe 2] 50 -4 F,600 135 230 135 2,259 152 22500
Sl ooy Road {unpaved) Widd=3m o +X b4 3,000 10 4000 30 12,000 ko] 12,000
] Sub Tl 2] s,m@g.:a‘ 2363 605,031 50,198
Grand Total 4628527 Th2,232 1,791,663 2118545




Table 02-8 Detailed Direct Construction Cost of Each Settlenent for Sanitstlon System (2/3)

[ Reglon 1 Ceotral (55 ks Quetzal)
10 1 Y] 13 1
Sei de Qatubre kvl kg lf Joye TE Lalepa IV
o hem Description Uad | Uni Price| Sumbesd ~ Tost {Numbes]  Tolal |Norten|  Totl  [Numbes! Tobl  [Nombe Tolz]
| Basic Cenditions | Sarved Population | pemon, - 1,500 2,500! 2,500 2,500 1,500
Servad Asea M - 980 1624 183 L2 980
Ye'astewy'r Rate | md3 | Deily Max 0 430 450} 450 w
Unl Generation | ipod {Dally Maod 180, 130) 1804 150] 182
b |Sener Pigeline
1) Concaete Pipe {Open ot }
.o I¥a 201 2mh m I R 7 0 0 o 225 &59n?
" Dir 200% Ind ] 47 9 0 L 0 ¢
. Di2 250x2mh | m 350 O ATSs] 1314367 37580 3310067 3.758[ 1,314,387, 0
- Dia 30302 2mh m 403 0 0 0 ¢ 9
Dlverdotes .
- Dia 1500 x 2mh | Mo E19) 45| 393,068 73] 65581 75 855381 5 633381 450 383058
- D 1,500 K 2mh | Med QAN O 0 ¢ Q Q
" Dia 1500k 4mb | dad 13342 O e o) 9 0
3| Reeds (including restonation)
New Read (oopaved) ARz 3m o 3004 0 2000 é000 A0 8000 2000 €000 20 80000
. width=5m a 400 O © 0] 0 ]
Raestoration (paved)y wih=5m o 260! 0 0 ! Q 0
" Sub-Totl f1] 1062585 2,003,548 2029548 2009548 1122585
2 [Community Flant
-1|Sepeic Tank & Anaercble Fiter] ol 2100, o 450]  $15.600 450 945.(303” 450] 945,000 2% 567,000
22| Scptic TanX & Absorption Well m¥d| 23000  20]  S67.00 0 ¢ 0 0
3| Dixcharge Pige
: * Dia 200z 2mby m H 200 53442 50, 14861 50 14561 bl 14 85y 20 Sz
* Tia 250 2 -] 3s0] 0 o [0 0 L+]
. Dria 30Cx 2mh m 403 Ly 0| 0 L ]
2Hand Preperation m2 1} 1260 138501 )% 20,7190 1A% 0,70 189 207961 1260, 13560
ElFeorce m 150] 135 20230 167 25030 167 28050 147 250350 135 20,2350
€l Acoess Roed fuspaved)y Width=3m m 400 20 8,000 0O 20,000 100) 000 100) 40,000 200 85,000
Sob-Total [2) 68,552 1045701 015,201 1,045,701 140,552
Grand Tola} 1,731,537 3075249, IDIS Y 1678249 1863537
(1] _Reglon : Ceplrsl {15) {o'nit s Quetzal)
15 15 1?7 18 19
B Tutito Finca 8 Qarmea_ | Modmoe Sia Anwmio] oo, Argueta Jocutaks
No ko Desagrion Unit | Unit Price[Nomiea]  Tobal [Mumtes]  Totl - [Numbeal ot [Numben]  Total [ Numbed Toml
[Basic Cendiions ) Sorved Population| peson| . - 00 1.500) 1000 2000, 7600
Served Azes ha - s 641 £41 2858 1667
Wastewater Rate | w3 | Daily Ma 90 180] L& 340 5L
Unit Geaeration | Ypod | Daily Max 150 180 18 189 120
¥ |Szwes Pipeline
T Conaete Pips {Opes ot )
- D 2002 2mh ] 7] 855, 267,283] 34T4] 4330300 1474] 438189 b 1]
- D2 201 3mh m n o L o 4 ]
. Da a2y | asof - of 0 of  sas! 265200 0
. D 30 x dwh " 403 0 9 G D 3AM] 1845541
DiMbrholes
D 1500 % 2mh | Moy 8019 18] 156826 o =T W] BIEE 18] 10253588 N 67T
- Dia 1,500 5 3mh | Moy 9821 0 O 0 ) i}
- Di2 3500 x 4mh | Moy LMz L) 0 0 L ]
3 Rowds fincioding restonation)
Now Road fuapa vedy width23m ) 300 [ ¢ 200]  &,000 4 a
- wikha5m m 400, ld 0 0 0 Q
Restoration (paved) *diy=3m ] 20, L 0 D 0 ¢
Sob-Total [3) 424,109 35,279 755,279 3083255 23454
2 {Corrnunity Manl
-1jSeptac Tank & Anzerobic Filtes md FALLY W 189,000) 1800 278,000, 130] 378000 30l 256,000 8] 882,800
218 Task & Abscrpton We) rdd 00, 0 o 0 0; [
3] Dixharge Pipe :
= Dia 200 x 2h m wy 50 14561 20 SEH S 1456) 50 14851 50 14561
- D2 250 x 2mh m 350 0 0 iy 0 Q
. 2 X0x2md |- m 403 4/ 4 Lo Q) "0
-3 Eend Pieperaton m2 1 570 6,170 930, 10,250 930 102301 158 17380 %0 1N
<5} Fence m 150) 83 13330 14§ 17,250 15 17,250 ¥52 1R/ 150 27000
£ Arocsy Road (anpaved) Widh=3m m 00 100 40,000 0l 100 000 200 83000] % 20000
o Sb-Tawd [2) 263,431 415,424 A0 41 B 4L 1,068,751
Grand Fotal 637, 5%/ 1,106,703 | FIEN 1 2574338 3242508
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Table 02-8 Detailed Direct Consteuction Cost of Fach Settlement for Sanitation System {3/3)

0] Reglen s Ceptrnl 3.5} {nit; Queoal)
[ 2
Inciense
Ne hem Desziples Und | Unk PricelNurbes]  Tota}
{ Basic Condisions ) Served Populatios [prace] - 4200
Served Arey ba - 1850
Wastewalze Rate | m3'd | Daily Mag 156
Unit Geacstion | lpod | Daity Maxg 130
1 |Scwet Pipeline
i Conzese Pige {Open out) D2 200x2mh .| m w7
- D 200 x 3mh m L1 0
. Dis 250 x 2mh @ 3504 Q
. Dia 300 x 2mb m 403 2128 F39H
" Dis 400k 2mh m 460 31280 8515
2l Mandotes
. Dia 1500 2mb | Moy B9 851 2018
. iz 1,500 % 3mb | Moy 9817 Q
- [z 1,500 1 4mb | Moy 13312 Q
3){ Reads (lacloding mstoration)
New Road [Enpaved) width=3m m X0 0
* #idth=5m m ¥R 0
Restosation (paved) widthaSm m 250 0
Sub-Total [1) 2343564
2 [Community Marg
A1) Septic Tank & Anzevobic Fikted mid FALLY 7561 1587600
2{Septic Tank & Absception Well ol 2100 °
2 Dischasge Pige Dia 2X0x2nh | m %7
. Dz 2505 2mh m 35 0
b Dla 300 % 2mh m 403, o
. Dia 400 x 2mh m 4604 $00| 201,552
A1 Land Preperaton mZ 1] 790 X6
5| Fence o 150 2™ W00
£ Accesy Road (anpaved) Width=3m m 400; Q
. Sub-Tewd 2] 180,442
Grand Tolal 4394006

Tote: ). The und fiece 5 above Sl & daived fom the supvey wadle of EMPAGUA and NICA Stody Tear [n Guatemala.
. The ghove corstruction cos b fully treazsd by Tocal ouriency.
3, Cost 223 of Februagy 1996,

2] Reglon : South 3(1/1) (Unit - Quetzal)
. 2 E]
Lowa Banca | Loma Blaaca [ Flaza de Toios
Mo REem Deaaiplion UnR JUnR Price}Wumbea]  Total [ Nombes!  Totx Sumbers]  Fetal
[ Basic Conatons | Served Pupdatoo | peson, - | 500) 100 1050
Served Ased ha - 52 852 139
Wastowatet Rate | 0/ | Daity Mo 162] 180 180
Unit Geacntion | Ypod | Dally Mex 180] 180 15
1 [Sewer Pipeitne
DiConcaeis Pipe {Open o)
. Dia 200 x Imh = 7] sl se2a17) 1560 S84 56¥0 1667272
- Din 200 x 3mb o« 4N 0 O 1]
" Tha 250 x Zmh 0 350] 0 O Li]
" Dia M0 2mb m 403 0 oo 0
WnManhole ;
Dia 15001 7k | Moy a9 39 3,379 ¥ HLE m2) 918258
- D2 1,500 3k | Doy a7 0 0] 0
" Da 1500z 4k | Moy 1332 O iy L]
3)j Rreda (inckoding mestoration}
New Road {wapeved) widthadm m 2001 o O WG] 60000
. width=Sm m 00| ) of 1]
Restoraton (paved) widdaSm n 60 0f 0 L
SubTotal (3] 924,146 24, 145 1H55%
2 |Comtmunity Plant
“WSeptie Tank & Anseichic Fiker aid 2,10 o Ly 180 ¥TE000
2|Soptic Fank & Abscrption Wil wid| 2100 162] swczodl  1so] 378.000) [
3} Discharge Pipe
. Dia 200 x 2mb n bsa 1001 Pty 100 9.7 50 14861
- a 2501 2mb m 350 0 g 0
" Dia 300 x 2mh = 403 0 0 0
4llasd Preperation 2 1 30 L0 X 10,2301 30 10,230
Sifence m 150 115 17,250 ns 17,2501 15 13,250
£l Aoy Reded funpaeedd Width=3m "™ »0 [+ o s 501 20000
Sub-Tedat 2] l LML 43521 o3
1 Grand Tetal 1 1,321,547 1353347 AL5A7L

ot 1. e ekt price [n shove tbic & derdved Sam e survey Rasiaof EMPAGUA axd RCA Sudy Team In Goalemata,
2, The ahone cnstruction et b filly Yeated by baal cureay.
3. Cost 1 s of Fetvuady 1996

Tola] Served kemg Unit |
Served Poputation peson
Served Seailements o'
Served Aoes M
Wastew ater Rate fmax) ey




Table 02-9 Defailed Land Acquisition Cost of Sewcrage System
(Unit : Quetzal)

Cost Unit Cost Area Required Total
Districts (Quetzales/ha) {ha)
1 Central 400,000 70.0 28,000,000
2 South 3 600,000 30.0 18,000,000

[Note) ]

Land acquisition cost of sewerage sysiem is only concerned with the land area required for WWTP.
Therefore, land acquisition cost of an access 1oad from nearest existing road to WWTP site is not included.
The unit price in above table is derived from the survey results of EMPAGUA on February 1996,

Table 02-10 Detailed Land Acquisifion Cost of Sanitation System
(Unit : Quetzal)

Cost Unit Cost Area Required Total
Colonies {Quetzales/ha) (ha)
{Central Region]
1 Final 380,000 0.06 22,800
2 El Pilar 450,000 0.13 58,500
3 El Cambary 260,000 0.06 15,600
4 Campo Seco 320,600 0.13 41,600
5 Colinas1 & Il ) 420,000 010 42,000
6 Quitanal 400,000 0.28 112,000
7 Santa Faz 350,600 0.13 45,500
8 Bethania Secl 500,600 0.13 65,000
9 Beihania Sec 1 400,000 0.16 64,000
10 Seis de Octubre 350,000 0.13 45,500
11 Joyal 400,000  0.19 76,000
12 Joya ll 450,000 0.19 85,500
13 Joya Ill 450,000 0.19 85,500
14 La JoyalV : 500,000 0D.13 65,000
15 El Tuerlo 650,000 0.06 39000
16 Finca El Carmen 450,000 0.10 " 45,000
17 Modmo San Antonio 504,000 0.10 50,000
18 Colan Argueta - 380,000 0.16 60,300
19 Jocotales 358,000 0.22 77,000
20 Incienso 500,000 0.28 146,000
Sub Total 2.93 1,236,300
{South 3 Region]
1 Loma Blanca | 350,600 0.10 35,000
2 Loma Blanca 1l 200,000 0.10 30,060
3 Plaza de Toros 480,000 0.10 48,000
Sub Total ] 0.30 113,000
Total 3.23 - 1,349,300

{Note}

Land acquisition cost of scwerage system is only concerned with the land area reguired for Community Piant,
Therefere, land acquisition cost of aa access r0ad from nearcst existing road to Community Plant site is

rof included.

The unit price in above kable is derived from the survey resulis of BMPAGUA oa Februasy 1996.
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Table 02-11 The Sumniary of Required Annual O/M Cost forr Sewerage Systemn

. Item Unit Central _ South 3

1 {Wastewater Treatment Plant
-1{Personnel Cost Quetzal/Year 739,600 376,600
-2{Transportation Cost of sludge Quetzal/Year 871,562 150,060
-3|Repair Costs (0.5% of C/C) Quetzal/Year 551,943 449,124
Sub-Total - 2,163,105 975,784

2 |Sewer Pipeline

-1|Personnel Cost Quetzal/Year 132,000 345,840
-2|Repair Costs (0.5% of C/C) Quetzal/Year 1,105,678 390,922
Sub-Total 1,237,678 736,762
Total O/M Cost Quetzal/Year 3,400,783 1,712,546

[Note] (1) 'The data source of "Unit Average Personnel Cost" s accepted by EMPAGUA in February 1956.

{2} The data source of "Unit Transportation Cost" is accepted by Municipalily of

Mixco in June 1995, it was approved by EMPAGUA promptly.

(3) The interval of maintenance works at the community plant assumed as carried
out one time by two workers in every month.

{4) Repair Costs is estimaled as 0.5% of direct construction ¢ost .

(5) The Personnel number of maintenance of pipeting is estimated as follows.

The number of time for cleaning and survey workers afe assumed as one time every year.

Cleaning Workers = (Pipe Length km) x 15 persons*day/km x (1/365 day)

Survey Workers = (Pipe Length km) x 3 persons*day/km x (1/365 day)

* Resulis to be calculated in accordance with above formulas, minimum required
workers considered as two persons for look to safety if workers are less than
w0 persons.

{6) The outline of facitities for first slage are &s follows,
Central : 15 Trains of Primary Treatient Equipment.
South 3: 4 Trains of Primmary & Secondary Treatment Equipment.



Table 02-12 Annual O/M Cost of Wastewater Treatment Plant for Sewerage System

Item Unit Central South 3

1 |Population person 533,200 ~  572,600f 53,200 ~ 130,600
2 |Wastewater Rate (Daily Average m3/d 160,400 ~  182,190] 13,830 ~ 32,270
3 |Sludge Q'ty (as Wc:60%) ton/Year 22,399 ~ 26,572 1,941 ~ 4,573
4  [No's of Trains No's 15 4
5  [Personngl Cost QuetzalfYear 739,600 376,600
6 |Personnel for O'M person 19 3
Chief of WWTP (Engineer) person 1 1
"fechnician ' person 2 2
Secretary person 1 1
Labor person 15 4

7 |Unit Average Personnel Cost
Chief of WWTP (Engineer) Quelzal/Year 166,000 106,000
Technician Quelzal/Year 52,800 52,800
Secretary Quetzal/Year 33,000 33,000
Labor Quelzal/Year 33,000 33,000
8 |Transportation Cost of sludge QuetzalfYear | 734,687 -~ 871,562 63,665 ~ 150,060
9  |Unit Sludge Transportation Cost| Quelzal/fton 328 328
16 [Repair Cosls (0.5% of C/C) QuelzalfYear 551,943 449,124
11 |Costof O/M QuetzalfYear 2,163,105 915,784
12 |Unit Cost of O/M Quelzal/m3 0.03 0.08

[Note] (1} "Unit Cost of O/M" = (Personnel Cost) + (Transpontation Cost of sludge) + (Repair Costs)
(2) The sludge including seplage from sanitation facitities is estimated as 60% after (o dried up
in sludge drying beds, '
Table 02-13 Annual O/M Cost of Sewer Pipeline for Sewerage System
Item Unit Central South 3

1 |Lengh of Sewer Pipeline km 11.0 212.3
-1 Trunk Sewer km 11.0 17.3
-2 |Branch Sewer km 6.0 195.0
2 | Pipe Diameter (Min of Trunk) mm - 300
ditlo (Max of Trunk) mm 3,000 1,500
3 |Personncl for O/'M person 4.00 10.48
-1{Cleaning person 2.00 8.73
-2|Survey PeISOnt 2.00 1.75
4  |Unit Average Personne] Cost QuelzalfYear 33,000 33,000
5 |Personnel Cost Quetzal/Year 132,000 345,840
6 |Repair Costs (0.5% of C/C) QuelzalfYear 1,105,678 390,922
Total O/M Cost QuelzalYear 1,237,678 736,762

[Note] (1) Number of Perssonnel required for G/M of Sewers in Ceniral Region is taken into
account of the scale of main collectors
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Table O2-14 Summary of Requifed Annual O/M Cost for Sanitation System

Item Unit Central South 3

1 {Community Plant '
-1|Personne! Cost Quetzal/Year 66,000 33,000
-2|Transportation Cost of sludge Quetzal/Year 8,704 ~ 43,392 1,088 ~ 3,712
-3|Repair Costs (0.5% of C/C) Quetzal/Year 73,361 6,365
Sub-Toial 148,065 ~ 182,753 40,453 ~ 43,077

2 1Sewer Pipeline '

-1{Personnel Cost Quelzal/Year 66,000 33,600
-2|Repair Costs (0.5% of C/C) QuetzalfYear 166,631 22,769
Sub-Total 232,631 55,769
Total O/M Cost QuetzalfYear | 380,696 ~ 415,384 96,222 ~ 98,846

[Note] (1) The data source of "Unit Average Personnel Cost” is accepted by EMPAGUA in February 1996.
(2) The data source of "Unit Transportation Cost” is accepted by Municipality of
Mixco in June 1995, it was approved by EMPAGUA promptly.

{3) the interval of maintenance works at the community plant assumed as cacried

out one time by two workers in every month,

(4) Repaiz Costs is estimated as 0.5% of dircct construction cost .

(5) The Persennel number of maintenance of pipeline is estimated as follows.

The number of time for cleaning and survey workers are assumed as one time every year.
Cleaning Workers = (Pipe Length kiw) x 10 persons*day/an x (1/365 day)
Survey Workers = (Pipe Length km) x 2 persons*day/km x (1/365 day)
* Results to be calculated in accordance with above formulas, minimum required
workers considered as two persons for look to safety if workers are less than

twWo persons.



Table 02-15 O/M Cost of Community Plant for Sanitation System -

Item Unit Central South 3

1 |Population person 6,800 ~ 33900 840 ~ 2,900
2 |Wastewater Q'ty (Daily Average) m3/d 1,050 - 5,590 130 ~ 460
3 |Sludge Qty (as We:93%) ton/Y 272 ~ 1,356 Y~ 116
4 |No's of Community Plant No's ' 20 3
5 |Personnel Cosl QuetzalfYear 66,000 33,000
6 {Personnel for O/M pcréon 2 1
7 |Unit Average Personnel Cost Quetzal/Year 33,000 33,000
8 |Transportation Cost of sludge QuetzalfYear 8,704 ~ 433921 1,088 ~ 3,712
9 |Unit Sludge Transportation Cost Quetzal/lon 32 32
10 |Repair Costs (0.5% of C/C) QuetzalfYear 73,361 6,365
11 |O/M Cost QuetzalfYear | 148,065 ~ 182,753| 40,453 ~ 43,077
12 {Unit Cost of O/M Quetzal/m3 039 . 009 085 -~ 026

{Note] (1) "Unit Cost of O/M" = {Personnel Cost} + {[ransportation Cost of studge) + (Repair Costs)

{2) Unit Q'ty a capita of studgs generation is estinrated as 40 liter {as water conlents is 93 %}
pei capita per year. .
Table 02-16 O/M Cost of Sewer Pipeline for Sanitation System
Item Unit Central South 3

1 |Pipe Length km 65 ' 10
2 |Pipe Diameter mim 200 ~ 400 200
3 |Personnel for O/'M person/day 2 1
-1|Cleaning person/day 1.78 0.27
-2|Survey person/day 0.36 0.05
4 |Unit Average Personnel Cost Quetzal/Year 33,000 33,000
5 1Pcrsonnel Cost QuetzalfYear 66,000 33,000
__ 6 {Repair Costs (0.5% of C/C) Quetzal/Year 166,631 22,769
Total O/M Cost Quetzal/Year 232,631 55,769
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03 OTHER DESCRIPTION OF COST DATA
03.1 Unit Cost of Construction Works and Materials

The unit construction cost of sewer pipeline laying works has been estimated based on the
actual results obtained from EMPAGUA, which arc shown in Table 03-1, attached at the

end of this section,

Unit construction works and materials costs for other items including the tunneling works in
the bard rock area are described in Table 03-2, these costs are investigated by JICA Study
Team in Guatcmala from June 1995 to February 1996.

Land acquisition cost, land preparation and landscaping cost of the wastewater treatment
planis for sewerage/sanitation system for each region, arc described in Table 03-3. These

costs were provided by EMPAGUA in June 1995 and February 1996.

The land cost of sewer pipeline installation is not considered since it will be insialled
underground the existing roads and under the hills / mountains in principle.

03.2 Unit Operation and Maintenance (O/M) Cost

The personnel expenses and siudge disposal cost to be applied in the cost estimation are
shown in Table 03-4.

03.3 Exchange Rate and Inflation Rate

“The cxchange rate, used in this project is average monthly exchange ratc obtained from the
last one and half {1.5) years data, Itis shown in Table 03-5. However, the exchange rate of
recent half years from July 1995 to February 1996 is applied in this projcct.

The inflation rate of past twelve (12) years in Guatemala is described in Table 03-6.

03.4 Taxes

The kind of applicable tax and ratio in this project are as follows.

a) Import Tax

Varics between 0 ~ 25 percent (%) depending on the type of imported goods. The percentage
- of major imported goods is mentioncd below.
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5% . Pipe, Mechanical (pump, etc.,) and Electric Equipment
209% :  Allthe Vehiclcs, Tank Lorsies, Vacuum Cars
For imported goods, it is necessary to include the charge of warchouse in addition to Impost
Tax.

b) Consumption Tax (IVA)
Consumption Tax is applied on all items. It is 10 pereent (%) as of February 1996.
¢) Withholding Tax

In case the project is financed by the overseas loans, withholding tax will be applied. The
ratio is 12 percent (%) of construction cost except the material cost. However, in case the
project is selected as grant aid project by agencies such as JICA, US-AID, the above
mentioned tax will not be applicd.

03.5 Reclated Laws and Regulations for Construction Works

The major rclated laws and regulations, especially which should be considered during
construclion periods, arc shown below,

1) Labor Standard Act

2) Construction Ruling of Guateimnala City

3) Regulation of Staffs for EMPAGUA

4) Regulation of Design and Construction works for Sewerage System

S} The Road Traffic Act

03.6 Industrial Standards to be Applied

Guatemala docs not have Indusirial Standards in principal. Theicfore, Standards
considered shall be one of major standard such as [SO, ASTM, DIN, JIS, BS and so on.
For cxample, in casc of "The Rehabilitation Program of Existing Water Supply Facilities (a
fictitious name)” being conducted to conducting in Guateniala by JICA, JIS are being
applicd.

ISO : International Standardization Organization

ASTM : American Standards Test Materials

BS :  British Standard
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IS : Japanese Industrial Standard

03.7 Limitation of the Construction Period

There is no limitation for the construction period, it means construction can be carried out
throughout the year in principal. However, especially from May to August, i.c., in the rainy
scason the cfficiency of construction works will be lower than other scasons.

03.8 Equipment Required to be Imported and Domestic Products

In general, the major equipment required to be imported as the water/Avastewater facilities are

as follows.
Mechanical equipment :  pumps, blowers, fans, etc,,
Electric equipment : motors, pancls, cables, etc.,

Vehicles : 4 wheel drive cars, tank lorries, vacuum cars, etc,
On the other hand, the major matcrials that can be obtained in Guatemala for this project, are
mentioned below,

Pipc :concrete pipe ( 200 ~ 1,050 mm)

galvanized steel & PVC pipe (15 ~ 300 mm)

[The concrete pipe of more than diameter 1,050 mm will be constructed at the site.]

Civil Works : cements, gravel, sand, steel materials, concrete piles

Building Works : Blocks, bricks

03.9 Working Conditions for Construction Works
A general working condilion of private companies for construction works in this project

are described below.
1) Working Hours @ Ninc (9) hours per day including onc hours as a lunch

break.
Monday to Friday: 8 AMtoSPM
Saturday : 8AMio 12 AM

2) Working Days :  Six (6) days per week
3) Holidays: Sunday and National holiday in Guatcmata.

However, if neccssary, these can be revised by lhe contracts between client and
constructors.



Table 03-1: Urlt Cost of Sewerage Pipeline Laying Works {1/2)

Dtz Souree ¢ EMPAGUA
Ihie Received 1 Febmary 13,1936
Description Labors Maierjals Unh Cost{1) Unit Cost (2)
(=) {2) ) ) @=(a)x 12 fe=(arc)x1.2] (N=(d¥{n}
Na lem Diamoeter| Coveringf Leogth or Cerment Cover C-Loo Covend Cement Cover  Clroa Cover
(ewn} (@) [Depth () (Quetzales] {Queizales) (Quelzales) (Qutualcsi.\'o's) (Quetzale yNo's){Quetmlesm)
1| Conereic Pipe 20 ' 200f  2000f 450143 452.06 0.00 $.944.25 0.00 297.2}
2 * 200 100 2000] 7,959 45206 0.00 9,!_"&?5 000 470.94
3 . 250 200 0001 5,146.16 651.84 0.0% 6,553.60 .00 340.68
4 4 300 200] 20005 580216 91624 000 805208 000 403.10
s . 400 200 2000} 625323) 140032 0.00 815506 00| 45975
& . 400 300 2000F 861632 1,409.32 0.00 12,030.77 000 601.54
7 . 450 200 20061 682170 1.673.88 0.00] 10,154.70 0.00] 50%.73
g - 450 300 2000] 544224 1,673.83 0.00 13,339.34 0.00 656.97
g . 550 200 2000] 732085 211505 @00 11,324.2% 000 58521
S 0] 20| 2000] 984133 211508 .00 14,468.93 0.00 7245
1 . 500 250 2000f 928577 2,144.72 0.00, 14,554.19 000 21T
12 . &0 350 2000] 12,284.51 274172 Go0 18,631.60 000 901.58
13 - 750 250 2200 32,506.45 512178 0.60 2|,161‘0'.9 000 1,054.05
1 . 750 3.50 20007 1518075 5127.78 0.00 7557024 000 1,278.51
B * 200 300 2000F 1817704 59,282.12 0.0 3%,951.35 .00 1,547.57
16 * 1000 325 23001 20,201.67 10,194.18 0.00 . 345,47502 0.00 3,823.75
17 4 1,050 325 25001 21,13424]  11,331.44 00 38,938.82 | 0.00 1,%47.94
18| Catch Basio from Road 200 6,261.32 935.16 227156 8,635.58 10,2456.18
19 ' 3.00] B2 1,031.98 2,373.48 11,77223 13,382.03
20 Manhole 150 200 5,837.42 $60.70 142870 7,677.74 8,719.34
21 ’ 1,500 160 6,55235 758.50 1,635.80 B784.90 282650
22 . 1,500 4.00% 9,304.32 946.08 1814.08 12,300.48 13,34208
23 * 1,950 225 5,459.76 £36.94 1,554.94 862404 9,665 64
4 ’ 1,750 3.00 9.4 847.34 11,1534 $,653.72 10,695.32
_25{Maohole 1750 a0 857328] 104190 1,909.90 1D,09822 14,139.62
26 . 2000 A0 7.903.92 $97.32 1555.32 10,681.4% 11,723.09
27 * 2,000 4.0 10,835 88 L140.84 00864 14,7182 15,412.42
28 . 2250 3 943172 L,140.64 2,008.64 168683 13,728.43
29 . 2250 4.25 12,334.59 1,52602 - 2.394.00 15,632.73 17,674.33
0] Cetch Basia from Household 200 4,207.03 33258 000) 544753 0.00
3 * (Tunceling} 200 7008 14 31258 oo 880085 0.00
32]Sewer (Tunnciing Ty pc) 1,500 2000} 3),50675| 566232 000 44,552.88 000] 224814
KX} . 1,750 0.00] 39,65258 6,367.40 0.00 §5,221.98 [¢109] 2,761.20
k] * 200 20.00] 50,761.28 B.787.90 .00/ 71,459.02 0.00 357295
S 1 250 ___Mo0o| 7901873] 1518148 003 13,0425 000 585201
35 . 3000 200]107,981.1Y  20,241.14 0.00 1538421 0.00 THILYH
37| Vertical Shafi {two stages) 2500 5000] 78,21548] 20,837.68 00c 11892379 000 - 237843
38 . 2,750 50.00] 81,957.80] 2101880 o 123,571 92 0.00 ZatLay
39 * 1000 50.00] 93,01667] 2250580 0.00 138626 %5 0.00 2
_ 4] Verical Shafi (iheee stages) 3,500/ 0.001102,469.08)  24,175.38 00 151,993 000 303947
41 ° 4,000 00j129.62224]  29,35810 00 190,535.41 0.00 .3.810.73

Nole : Above unit 0ost means olal construction costs that §s including materials, labors costs,
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Table 03-1 Unit Cost of Sewerage Pipeline Laylng Works (2/2)

DataSoerce @ EMPAGUA
Date Received @ Jung O, 1995
Desoription Lators Maierials Loit Cost{1) Usit Cost (2)
(o) ® o © |oremx2 @z H6m
No Fem Diameier| Covering| Leogth o] Cement Cover C-Iron Cover| Coment Cover  C-lroa Cover
() (m)  |Pepth (] (Queizales)| (Quetzales)  (Quetzales) [(Quetzales/No's) {Quetrates/No'sy (Quetzales/m)
1| Conerete Pipe 00| T 200 00 nessT? 441.30 .00 3,728.48 0.00 186.42
2 . 200 300 20007 449352 441.30 0.00 55915.78 0.00 95.79
3 . 25 200]  2000f 24291 415.70 000 43%0.35 0.00 219.52
4 . 300 200 2000 366329 89270 000 5473.19 0.00 273.66
3 . 400 200 000] 417840 1,333.60 000 6£74.40 00 372
6 * 400 300] 200 539978 13583.60 000 8,140.06 0.00 407.00
7 . 450 200  2000] 427023 157340 000 703235 000 356562
8 * 450 300] - 2000] 5555.68 1613.40 Q03 908290 000 454.14
9 . 500 200  2000] 455165 207280 806 799734 0.00 359.87
16 . 300 2009 622427 207280 000| 9956438 000 497.82
n o Ly 250 2000] 587731 2,686.10 0.0 10,276.0% 0.00 513.80)
12 . 600 350 2000] 763887 2,685.10 _0‘00 12,413.585 0.00 620770
13 i 750 250] 20007 6,856.65 505440 M 14,353.28 0.00, 7117.66
14 . 750 350 2000f 939330 505149 0.00 17,169.24 0.00 855.45
15 ’ S0 3090|2000 1139647 920260 .00 24,718.88 0.00 1,235.94
1% - 1,000 335 2000 12,8162 10,103.90 0.00 27,258.13 0.00 13441
V1 . 1,650 325 2000 1321476  11,22620 000 29,329.15 0.0 1,486.46
18| Ceich Basia from Road 200 3,428.35, 829.80 2,17130 5,109.9% 6,719.59
¥ * 300 442558 754.35 2,295.65 6,216.85 8,066.63
_ 20| Mashole 3,500 2009 3534632 527.10 1220301 499610 59470
2 - 1,500 300 4,266.14 697.50 1,450.50 $,935.31 6,907.57
2 4 1,500 400 515898 §55.50 1,679.90 7.303.66 8.254.66
FA . 1,730 225 4,319.61 65570 14580 593237 6,933.97
24 . 1,750 3.00 4,171.18 803.70 1.556.70 568985 T641.48
_ 25| Manhote 1,750 400 5.365.35 §37.25 1,780 25/ 7,623.12 &8sy B
26 * 2,000 100 544259 87100 1,654.00 757631 8527.51
n ' 2,000 400 745089 312525 191825 10,291.37 13,242.97,
25 . 2,250 325 ALY 1,124.00 1,9172.00 9.890.58 10,84218
29 ' 2,250 425 8,211.42 133830 2,125.39 11.459.65 12,404.06
3G| Caxch Basin from Household 2.00] 1,390.65 35305 089, 209262 0.00
31 *  (lunociling) 200 3,733.0% 85305 0.0 5.551.37 0.0¢
32 Sewee (Tunnclting Type) 1,500 200| 2090263 493585 0.60 31,067.32 000 1553.37
33 . 1,75¢ 2000] 2489342 5,639.55 .00 35,645.55 o0 183228
k) . 2,000 00 3304305 7,166.40 [t o) WY1 000 2,44%.87
33 ’ 2,500] A00)  47,249.55] 1337620 Q03] 7701 000 3.637.55
36 ’ 3,000 2008] 64,05991 17,789.50 0.00 98,255.29 000 291275
¥ Vertical Shaft (rwo stages) 2,500 5003 5947817 1969583 Q.0 9500882 00 1,500.18
38 . 2,750 5009] 54,35851] 20,754.40 0.0, 101,593.09 000 2031.85
39 . . 3,000 5000] 70,08351] 2215330 Q.00 190,72).17 0.00 221440
_40[Vertfcal Skafi (ihese stages) 3,500 | 5000] B4,69291] 2505230 0.00 132,724.25 ol 263549
41 * 4,000 SO.DOI 107,135.62]  29,15810 9.00 163,552.46 a.00] 3NGS

Note : Above unit cost means 1otal construction costs that is iecluding materials, Jabors costs,
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Table 03-2 Other Unit Construction Cost

{Q: Querzal)

Description

‘ait Cosl

Retmarks

PVC 1 30 1

} DI: 3000w m Marcl-.kock Arct)

Chwit

0 [by Blist with Dysansiie

V=100

V=360 13

V230 md

.. |Reinforced Concrtle

by macking

A POWEE

L=10 kes, by Track

By machine

. tby human powes

Road

1) New Road

" INeiy & Pole

L=20m, Biz=lm

JL=10m, Pizadm

Diz=3m

Uopaved Width=S g;r

Paved Width=5 o

2) Restoation.

Paved Widh=5 m

Building |4

suation Bufidings .. |Reinforced Corncrele

stration Bnﬂdiﬂse....m...‘” .

by Block

Guardhouse

by Brick

Others 1) Majcrial Cost

1* 207 (§ m)

A (2dm)

from fver

12,500 ps)

3,500 PS§

4,000 Fit

5000 F3I

92198 x3%m

Hal?xIom

19 x 1% % I%cn

58x14x2%cm

ix 13 2%

85 x 11 x2hem

W2 Mem

Rustic

Tahlex

_10rdinary Glasa 3mm

1}P“5°""'°1F"P°"“ Local S1af (Drafy man) |

. {Secaetary bilingual

* o Qowepeier)
?  [OA Opcraor) .
* . [Diilven)
. " .. JQMke Boy)
3 Fuel Gasoline (Regular)
. Gasoline (Special)
" Light oil Qe
4 Elcatriciiy Power B Okwh -
5) Lease Vehicle 2ion Tack OrMonth ! {
. Hwa Tack OrManth 200000
13 e Track 3¢.000.00
19D Cat 000y
s s | SR, 18,809.00
f e Reatal 100 m2 Month 4.000.00
N Odce Goods Copy, Phone, Fax QMouk 4,500.00

{Note] L Deta Soutce @ Sarveyed Resulis of JICA STUDY TEAM in Guatemala

2 Cost < As of Feboozey 1956,
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Table 03-3 Unit Land Acquisitlon Cost and Others
{ Land Acquisition Cost }

1] WWTP Site of Sewerage System

Cost Unit Cost

Districts (Quetzales/ha)
1|Central ' 400,000
2|South 3 600,000

(2] Community Plant Site of Sanitation Systen

[Central Region]
. Cost Unit Cost Coslt Unil Cost
Colonies (Quetzales/ha) Colonics (Quctzales/ha)
1iFinal 380,000 11|Joyal 400,000
21El Pilar 450,000 12(loyall : 450,000
3|El Cambary 260,000 13|loya III 450,000
41 Camipo Seco 320,000 14|La Joya 1V o 500,000
5|Colinas I & 11 420,000 15{El Tuerto 650,000
6|Quitanal 400,000 16]Finca El Carmen 450,000
T|Santa Faz 350,000 17{Modrno San Antonio 500,000
81Bethania Sec | 500,000 18] Colan Arguela 380,000
9iBethania Scc [ & 1V 400,000 19|Jocotales 350,000
10|8eis de Octubre 350,000 20]incienso 500,000
{South 3 Region]
1|Loma Blancal 350,000
2|Loma Blanca 11 300,000
3|Plaza de Toros 480,000

Note : Data Source : EMPAGUA
Date Received : February 20, 1996,

[ Land Preparation and Landscaping Costs ]

Land Preparalion
Syslem {Queclzales/ha)
Sewerage 11.0
Sanitation 11.0

Note ; Data Source ;: EMPAGUA
Date Received : June 12, 1995
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‘Table 03-4 Unit Cost for Operation and Malntenance

No Description Unit Unit Cost Remarks

1 Personnel Expensc
-1 Engineer Quetzales/c/Year 106,000
-2 Unskilled Labor (A)  Quetzales/c/Year 52,800
-3 Unskilled Labor (B) Quetzales/c/Year 33,000
-4 Unskilled Labor (C)  Quctzales/c/Year 15,800

2 Sludge Disposal Cost

-1 Scwerage System Quetzales/ton 32.8 as dry sludge
-2 Sanitation System Quetzales/m3 32.0 as wet sludge
(Note)

1. Data Source : From EMPAGUA in February, 1996.

2. The data source of "disposal cost” of the sanitation system was prepared by the
Municipéiily of Mixco in June,1995. It was approved by EMPAGUA promptly.

3. Transport distance to disposal place of sludge is assumed to be about ten (10) km.
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Table 035 Exchange Rate in Recent Years

Year Month Quetzales/USH Yen/USS$ Yen/Quetzales
1994 5 5.74 106.95 18.64

6 5.73 105.72 18.45

7 5.65 101.57 17.98

8 5.66 102.87 18.17

9 5.79 101.85 17.59

10 577 101.45 17.58

11 5.73 101.00 17.63

12 5.63 103.20 1833 .
1995 1 573 102.77 17.94

' 2 5.1 101.33 17.75

3 5.69 93.87 16.50

4 572 86.41 15.11

5 5.73 87.96 15.35

6 5.75 87.34 15,19

\verag

951

Data Source :

1) Quetzales/USS : Banco de Guatemala

Departamento de Cambios ¢ Inlernacional, Mesa de Cambio
2) Yen/US$ : Bank of Tokyo

Table 03-6 Inflatien Rate in Guatemala

Year Inflation Rate (%/Year)
1984 330
1985 19.18
1986 32.78
1987 10.85
1988 10.30
1989 12.99
1990 41.01
1991 35.11
1992 10.24
1993 13.36
1994 12.51
1995 8.37

Data Souice

Instituto Nacional de Fiadistica de Guatemala in November1995
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04 IMPLEMENTATION PROGRAM OF THE FIRST STAGE

04.1 Outline of Facilities to be Constructed

Itis cvident from the results in the chapter 12 that sewerage system of South 3 Region has
been sclected as first stage project. An outline of the facilitics lo be constructed in first stage
arc described below,

Sewer Pipeline : Tiunk sewer as the collector and branch sewers are proposed to be
constructed by open cut and tunncling mcthods (diameter : 1.5 m, length : about 10 km). The
diameler of the trunk sewer varics from 300 to 1,500 min and diameter of branch sewer is
200 mm,

WWTP : Trecatment plant up to secondary treatment level is proposed to be built in the first
stage. The sludge generated in the WWTP will be transferred alter drying process to another
site for final disposal.

04.2 Construction Methods

Sewer Pipeline : Sewer pipelines will be construcled mainly three (3) different methods. The
sewer of 1,500 mm diameter (dia) as the main collector will be constructed by the tunneiing
methods which is usvally adopted in Guatemala and the sewers of 1,200 inm diameter and
below are considered to be constructed by the open cut methods.

The sewer pipcline needs to cross Pinula and Guadron river cach af one point. Pinula River
crossing will be of 70 m length and that of the Guadron River will be 40 m.

WWTP : The main construction works of WWTP is composed of civil works, building
works and the pipe laying works. The civil works are carried out for land preparation,
conslruddion of the access road, the primary and sccondary treatment facilitics and other
facilities. The building works are considered for administration building, warchouses and
guardhouse. The pipe laying works include inflow pipe of the sewer, discharge pipc of the
treated wastewater from WWTP to Villalobos river and various pipeline in the WWTP,
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04.3 Planning of Construction Works

a) Implementation Schedule

The development plan of the project is scheduled as fotlows.

From the result of feasibility study mentioned in previous section, sewcrage system of South
3 Region will be carricd out at the first stage, although the project has three (3) stages.
Detailed design and construction periods for the fisst stage is cstimated to be six (6) years
from 1998 to 2003.

{First Stage] 1998 :  Detailed Design Period
1969 ~2003 :  Construction Period
2002 :  Commissioning

b} Construction Works for Each Ycar

Facilitics to be constructed from the year 1998 to 2003 arc shown in Table 04-1.

Table 04-1 Implementation Ratio/Volume of Construction Works

Scwer Pipeline
Sedal No Year Trunk Scwer Branch Sewer] WWTP
dia 1500 mm | dia 300 ~1200| dia 200 mm

1 1998
2 1999 3,340 m one-third 20,000 m one-third
3 2000 3,340 m one-third 20,000 m onc-third
4 2001 3,340 m one-third 20,000 m onc-third
5 2002 13,000 m
6 2003 13,000 m

04.4 Cosl Estimation

a) Tolal Invesiment Cost

The total investment cost of implementation program of the first stage is shown in Table O4-
2.
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Table 04-2 Tofal Investment Cost

(Unit :Quctzal)

Regio South 3
Costs Item 1/C F/C Total
1. Direct Construction 168,609,211 O 168,009,211
1.1 Sewerage System 168,009,211 0 168,009,211
(1) Sewer Pipcline 78,184,441 0 78,184,441
(2) WWTP - 89,824,770 0 89,824,770
1.2 Sanitation System 0 0 0
(1) Sewer Pipeline 0 0 0
(2) Community Plant 0 0 0
2. Land Acquisition 18,000,000 0 18,000,000
2.1 Sewerage System 18,000,000, o 18,000,000
2.2 Sanitation System 0 0 0
3. Engineering Fee 3,360,184 10,080,553 13,440,737
4. Administration Fee 5,040,276 0 5,040,276
5. Physical Contingency 16,800,921 0 16,800,921
Total 211,210,592 10,080,553

221,291,145

b) Disbursement Schedule

The proposed disbursement schedule of the project cost in the first stage is shown in Table
04-3. Land required for WWTP has been assumed to be acquired in year 1999 and 2000,
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P FINANCIAL AND ECONOMIC EVALUATION

P1  Avoidable Number of Death, Inpaiients and Qulpatients Owing to
Sewerage and Sanitalion Systems

According to a public health report, “Medical Environment and Public Health for
Metropolitan Development Plan (El Saneamicnto del Medio y las Metas de Salud, Propuesta
para el Plan de Desarrollo Metropolitano), 1972, Dr. Rad! Parcdez Lépez”, public health in
the metropolitan arcas was exacerbated in accordance to development expansion. This
analysis is used to quantify the number of avoidable medical losscs owing lo scwerage and
sanitation system in the project arcas by Region until the target year 2015, The number of
deaths duc to water-bome diseases under “without project” for eliminaling water
contamination was estimated on the basis of past mortality, which was analyzed in the above
report. Once the project was implemented, the mortality rate would be reduced to 2.16 per
1000 population at the first year and finally to .48 per 1,000 population in the arca of
implementation in the target year. In the original report, it was planned the project would
start in 1982 and finish in 1991. In this study, thesc conditions were translated as for
starting in 2001 and finishing in 2015. As a result, 17,782 and 5,236 people could avoid
death from water-borne discases in Central and South 3 Regions respectively, as shown in
Table P-1.

The number of patients suffering fiom water-borne diseases is also estimated in the same
way. Paticnts were classified into two catcgories: inpalients and outpatients. According to
the estimates, the number of inpatients duc to watcr-borne discases could be reduced by
42,124 in Central Region and 12,426 in South 3 Region in the 14 years till 2015, as shown
in Table P-2. The number of outpatients could be reduced by 73,652 in Central Region and
21,726 in South 3 Region, as shown in Table P-3.

Table P-4 shows the past trend of consumer price indices in urban areas between 1976 and
1994, which was presented by INE and GAPLAN. The indices in 1995 and 1996 were
extrapolated as 1,100 and 1,150 to the basc 1976, becausc of data availability.

Table P-5 shows a employment ratc which is a rate of a ecmployed population to the lotal
population. The cmployment rate was cstimated at 36. 1%, according to the repart by INE in
1991,



Table P-1 Avoidable Number of Death Owing to Sewerage System: 2001-2015

Number of Death Projected .~ MNumber of Death " Avoidable Nember

Year Projected Popelation In Case of Constant Modality Rate 1 Case of Projected of Death Owing to

Mortality*1 . *2 Mortatiy*l Sewerage System
Centsal South 3 Central South 3 Ceniral South 3 Cenleal South 3
2001 752,00 182,300 1,940 470 2.16 1,625 394 316 ki
2002 759,900 189,200 1,561 483 1.94 1,474 &7 486 ”
2003 61700 196,100 1,981 566 174 1,333 312 613 164
2004 TISS00 203,000 2,001 524 1.56 1,214 318 787 06
2005 783300 209,900 2,021 542 14} 1,101 295 920 297
2006 791,100 216,800 201 559 1.26 93 274 1,042 286
2007 TE8.900 223,700 2,061 sn 1.13 906 254 1,353 324
2008 806,700 230,600 2,681 595 1.62 821 235 1,260 360
2063 814,500 237,500 2,101 6]:_5 0.91 745 217 1357 395
2010 822,300 244,400 2,122 £31 082 575 201 1,445 430
2011 £30,100 251,300 2,142 618 074 612 185 1,529 163
2012 837,900 258,200 2,162 - . 666 065 555 171 1,607 455
2013 845,700 263,100 2,182 6534 0.60 503 158 1,679 526
2014 B53,500 272,000 2,202 w2z 053 456 145 1,745 556
2015 861,400 279,000 2,222 720 D48 4313 134 18G9 585
Totzl 31,220 8,924 13,437 3,689 17,782 5,236

Sostce: (1) Estudio de Factibilidad del Plan Maesio de Alcantaniilada Ciernca del Facifice, 1976, Guatemala City, 108
(2) E1 Sancamicnto del Medio y tas Metas de Salad, Propuesta para ] Plan de Desanollo Metropolitano, 1972, De. Raiil Paredez Ldp
Note: *1 Mortality Rate: 2.58 per 1000 population

*2 Persons per 1000 population

Table P-2 Avoidable Number of Inpatients Owing to Sewersge System: 2401-2015

] Number of Inpatiests Projected Number of Death Avoidable Number
Year Projected Population InCase of Coastant Mobidily Rate  In Case of Projocicd of Inpatients Owing 1o
_ Morbidiny*} *2 Morbidity* 1 Sewerage Syslem

Cenlral South Cenlral South 3 _‘ Central South 3 Central South 3
200} 752,100 182,300 5814 1,409 6.69 5032 1,220 782 1%0
2002 759,900 189,200 5,874 1,463 6.24 4,743 3,181 1,131 : 2582
2003 767,700 196,100 5,934 1,515 5.82 447 1142 1,465 372
2004 775,500 203,000 5.995 1,569 543 4,212 1,103 1,782 467
2005 783,300 209,900 6,055 1,623 507 3,969 1,064 2,086 559
2006 791,100 216,800 6,115 1,676 4.73 © 3,740 1,025 2376 631
2007 798,900 223,700 5175 1,729 441 3523 S87 2,652 743
68 806,700 230,600 6,236 1,783 4.1 3,31% C %19 2937 834
2009 814,500 237,500 6,296 1,816 384 3,126 912 3,170 ' 924
2010 822,300 244,400 6,356 1,859 358 2,944 875 3432 1,014
2011 830,100 251,300 6,417 1,543 k) 713 839 3.644 1,103
w02 837,900 258,200 6,477 1,536 3.52 2,611 £05 3,866 1,19}
2013 845,700 265,100 6,537 2,049 291 2,458 m 4,079 1,279
2014 853,500 272000 6,598 2,103 27 2,315 738 4,233 1,365
2015 861,400 279,000 6,559 2157 253 2173 706 4473 - 1451
Total 93538 26,739 51414 14313 42,124 12,426

(1) Estudio de Faclibilidad ded Plan Macstro de Alcantarillado Ciemea det Pacifice, 1976, Gustemala City, 1DB

Source:

Noje:

(2) El Szaczmicnio dcl Media y las Metas de Salud, Propucsia part ¢ Plan d¢ Dessrrolle Metropalitano, 1972, Br. Radl Pasedez Lép
*§ Mortadity Rate: 7.73 per 1000 popalation
*2 Persons per 1000 population
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Table P-3 Avcidable Number of Oulpatlenis Owing to Sewcrége System: 2001-2015

Number of lopatieats Frojected Numbes of Death Avoldable Numbet
Year Projected Population In Case of Constaal Morbidity Rale  In Case of Projecied of {npatizats Qwiag 10
Moibidiity*1 *2 Morbidity*1 Scwerage System
Cratrat South 3 Ceatral South 3 Central South 3 Central South 3
2001 752,100 182,300 ° 10,229 2,478 11.73 8,850 2,147 1,369 332
2002 759,900 189,200 10,335 2,573 11.00 8,357 2,081 1,978 452
2003 767,%00 155,100 10,441 2.667 1027 7.582 2,013 2,359 654
2004 715,500 203,000 10,547 2,761 958 7433 1,946 314 835
2005 783,300 203,700 10,653 2,835 8.95 7009 1,873 3,644 976
2006 731,100 216,500 10,759 2,948 835 6,609 1,811 4,150 1,137
2007 798,900 223,700 10,5855 3,042 7.80 6,23} 1,745 4,635 1,298
2008 805,700 230,600 10,871 3,136 7.28 - 5873 1,679 5,093 1457
2009 814,500 237,500 11,077 3,230 6.80 5,536 1,614 5,541 1,616
201 £22,300 244,400 11,183 3324 6.35 5,218 1,551 5,965 1,713
2011 830,100 251,300 11,289 3,418 5.02 4,918 1,489 6372 1,929
2012 837,900 258,200 11,395 3,512 5.53 4,634 1,428 6,761 2,034 .
2013 EB45,700 265,100 11,502 3,605 5.16 4,367 1,369 7335 2,237
2014 853,500 272,000 11,608 3,699 482 4,114 1311 7,494 2,388
2018 £51,400 279,000 11,715 3,794 4.59 3,876 1,256 7.539 2,539
Total 161,568 47,044 50,916 25,317 73,652 21,726
Source: (1) Esfudio de Faclibilidad del Plan Matsuo de Alcantariitide Ciemez del Pacileo, 1976, Guatemila Cily, IDB
(2) EX Saneamicato del Medio y as Metas 42 Salud, Propacsta para ¢t Plan d¢ Desanoo Metiopolitano, 1972, Dr. Radl Pascdez Lép
Note: *1 Mortabity Rate: 13.5 per 100G population

*2 Persons per 1000 population



Table P-4 Consumer Price Index in Urban Areas: 1976-1994

Year Total Food Housing  Clothing  Funiture Transportation Others
[. Base: 1975 = 100
1976 110.7 109.6 109.7 124.7 1118 103.5 106.7
1977 124.6 121.7 1311 147.1 121.2 107.7 118.2
1978 1343 127.3 142.3 163.2 1242 1126 1323
1979 1500 140.4 1714 181.9 131.7 1159.0 149.4
1980 166.1 156.1 198.7 194.7 137.8 1393 162.8
1981 185.1 173.7 2237 218.4 1430 1354 182.0
1982 185.4 168.8 225.8 219.2 141.1 1799 185.5
1983 *1 1845 164.5 221.7 226.4 141.0 1935 185.8
11. Base: 3983 (March-April) = 100
© 1983 105.2 105.0 101.4 106.9 105.2 1019 107.8
1984 108.83 108.1 1864 112.7 111.3 105.9 114.0
1985 1291 130.4 1LS 137.1 135.2 126.4 154.2
1986 176.8 1815 129.8 203.6 191.3 178.1 203.6
1987 198.6 219.8 141.6 224.4 198.4 192.7 218.7
1688 *2 2118 229.1 147.9 235.5 2071 194.2 2314
1989 2347 261.6 190.7 243.5 221.0 2024 2440
1950 331.0 3848 252.5 2119 291.4 315.6 3221
1991 441.2 509.3 3393 402.5 379.3 482.7 435.2
1992 493.0 546.1 386.5 464.8 435.3 5204 490.5
1993 558.9 625.2 463.1 515.2 493.7 5622 549.7
1994 Sep. 626.2 743.8 521.7 550.7 5531 5924 616.8
Souzee: INE and GAPLAN
Note: *1  Average of March and April in 1983
*2  Average of Janvary to Maich in 1988
Table P-5 Indicalors Related to Employment
- ftem Number
1 Total Number of Houscholds 348,098
2 Population 1,890,196
3 Male 911,625
4 Female 978,571
5 Family Nuiber per Houschold 4.9
6 Population Aged 10 or Above 1,375,572
7 Male 646,646
8 ) Female 728,926
9 Feonomically Active Population 704,429
10 Mate 461,329
11 Female 243,100
12 Employed Population 681,428
13 Poputlation of Full Employment 476,850
14 Population of Part-Time Employment (Visible) 64,702
15 Population of Part-Time Employment ({nvisiblc) 139,876
16 Unemploycd Population 23,001
17 Employment Rate of Tolal Population {(12)/(2)) 36.1%
18 FEmployment Rate of liconomically Active Population ((22)/(6)) 49.5%

Source:

Meiropolitan Area Employment Survey, 1591, INE
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P2 Agricultural Crop Production in Plant Sites

The areas of sewage treatment plant sites in Central and South 3 Regions wete enumerated as
90 ha and 30 ha, respectively. At present, a part of the plant sites of Central and South 3
Regions are used for residential land and crop lands, and other areas are sill lefl as waste
lands. Table P-6 shows the details of present land use.

Table P-6 Present Land Utilization of Proposed Plant Sites

‘ (Unit: ha)
_ Central Region . South 3 Region
Residential Land 2.0 2.0
Crop Land 34.0 18.0
Maize 11.3 6.0
Beans . 22,7 12.0
Waste Land 54.0 100
Total ' 90.0 30.0

Note: Estimated by Study Team

The crops cullivated in crop Jands at the plant sites arc assumed to be maize and beans as
rcpresentative products, referring to the site inspection resulls. Table P-7 and P-8
enumerated production cost, yield, farm gate price and value added (VA) of Maize and Beans
which were cultivated in metropolitan arcas. VAs of maize and beans arc cstimated at
(02,220/ha and Q970/ha, respectively.



Table P-7 Value Added and Production Cost of Maize in metropolitan Aveas: 1995

{Unit:Quetzals per manzana* 1)

{tem . Unit Quantity __ Unit Price Total
L.~ Direct Cost "1,773.48
1 Land Rent 150.00
2 Labor 760.80
a) Land Preparation Hour 2.00 18.50 166.50
b) Fertilization, Cropping, etc. Day 32.00 15.60 499.20
¢) Others 95.10
l Machinery and Equipment _ 155.02
a) Balance Plough Hour - 200 1.50 3.00
by Tracker Hour 1.50 1.50 2.25
¢) Sowing Machine Hout 1.50 25.00 37.50
d) Splinkler Hour 500 1.96 9.30
e) Wagon Hour 0.50 4.00 2.00 .
fy  Thresher Hour 1.00 25.72 2312
g} ‘Tractor Hour 11.50 6.50 74.75
4 Input 707.66
a) Seed Pound 25.00 1.80 45.00
b) Fuel Gzlon 10.00 8.70 87.00
¢) Lubricam Galon 1.20 854 10.25
d}  Fenilizer Pound 200.00 1.58 315.00
¢) Insecticide Liter 1.80 74.79 134.62
f) Tungicide Pound 1.90 18.47 35.09
£2) Herbicide Liter 1.00 63.20 63.20
hy Containcr Bag 5.00 3.50 17.50
Il.  Indirect Cost 410.05
1)  Administration (19 of 1.} 17.73
2)  Social Security Fee (6% of 1.-2) 45.65
3) Tinance (20% of 1. 6M.) 221.69
4) Contingencies (1% of L} 17.73
5y Swmps
6) Municipal Fee (0.15 x Yield) 9.75
7)  Transporiation (1.5 x Yield) 97.50
[1E.  Total Cost 2,183.54
Yield 65 quintals per manzana®2
................. e A2 tons per hectare
1V, Total Cost per Heetare {Quetzals per ha) 3,141.98
V.  Production Vatue (Quctzals per ha) 361151
Farn-gate Price 1,323 Quetzals per lon
V1. Value Added (Quetzals per ha) 2,469.73
Vil. Valve Added in Economic Tesen {Queizals per ha)*3 2,220.00

Source:  MAFF, Bank of Guatemala

Note:

*1 1 manzana = 6,950 sq.m.
*2 Equivaleni to 4.24 tons/ha

1 Quintal = 100 pound = 45.36 ke.
*3 SCF: 90%



Table P-8 Value Added and Production Cost of Beans in Metropolitan Areas: 1995

{Unit:Quetzals per mapzana* 1)

Item Unit Quantity ___ Unit Price Total

1.  Direct Cost 1,749.53

1 Land Rent 100.06

2 Labor 757.14

a) Land Preparation Hour 580 12.50 T72.50

b)  Fenilization, Cropping, ete. Day 47.20 12.50 590,00

c) Others 5164

3 Machinery and Equipment 129.14

a) Balance Flough Hour 220 1.50 3.30

b}  Tracker Hour - 2.00 1.50 3.00

c) Cultivation Hout 1.80 1.50 2.70

d}  Splinkler Hour 100.00 0.30 30.14

g} ‘Tracier Hour 6.00 15.00 50.00

4 input 763.23

a) Sced Found 100.00 1.90 190.00

b} Ferlilizer Pound 200.00 1.07 213.00

c) Insccticide Liter 1.00 119.29 119.29

d}  Fungicide Pound 1.90 101.45 198.46

¢)  Adherent Liser 1.50 19.00 28.50

f)  Container Bag 4.00 3.50 14.00

If.  Indirect Cost 301.51

1)  Administralion {1% of L) 17.50

2)  Social Securily Fee (6% of [.-2) 45.43

3) Finance (20% of 1. 6M.) 218.69

4)  Contingencies (1% of L} 17.50

5)  Municipal Fee {0.15 x Yield) 240

HI. Total Cost 2,051.03
Yield 16 gquintals per manzana*2

IV, Total Cost per Hectare 2,951.13

V.  Production Value (Quetzals per ha) 4,028.78
Farm-gaie Price 3,858 Quetzals per lon

VI. Value Added {Quetzals per ha) 1,077.65

Vii. Value Added in Economic Term (Quetzals per ha)*3 970.00

Source:  MAFF, Bank of Guatemala
Note: *1 1 manzana = 6,930 sq.m.
*2 Equivalent 10 4.24 10ns/ha
1 Quinlal = 100 pound = 45.36 kg.
*3 SCF: 90%



P3  Financial Internal Rate of Return

FIRRs of the projects for charge alternatives were calculated in Table P-9 to P12. These
tables correspond to the financial streams of revenuc and expenditure for Charge 1 and I in
Table 12-27 in Main Report.

P4 Financial Sire.am of Cash Balance

Table P-13 to P-16 shows the cash balance accumulated by the end of economic life of the
schemes in Ceniral Region. Thesc tables cover only Case 1-2a, 1-2b, 1-2cand 1-2d. Table
P-17 to P-20 shows the cash balance in South 3 Region. These tables cover only Case 4-2a,
4-2b, 4-2¢ and 4-2d. Other cascs arc saved in computer diskettes.



Table P-9  Financial Expenditure and Revenue Stream: Centval Region

In Case of Charge I
(Unit:Q million)

Seriai  Year Expenditure Revenue Balance

No. Construction oM Total Domestic  Indostry Total
1 1998 9.1 0.0 9.1 0.0 0.0 0.0 9.1
2 19% Co1721 0.0 172.1 0.0 0.0 0.0 -172.1
32000 149.8 0.0 149.8 0.0 0.0 0.0 -149.8
4 2001 149.8 0.0 149.8 0.0 0.0 00 -149.8
5 2002 3.6 3.6 12.9 0.9 13.7 10.1
6 2003 3.7 3.7 13.3 0.9 14.2 10.5
7 2004 3.7 3.7 13.7 0.9 146 10.9
8 2005 38 3.8 142 0.9 150 11.3
9 2006 3.8 38 144 0.9 152 11.4
10 2007 38 38 14.5 0.9 15.3 113
11 2008 38 . 38 14.6 0.9 15.4 11.6
12 2009 3.8 3.8 14.7 0.9 15.5 11.7
13 2010 3.8 3.8 14.8 0.9 156 11.8
14 2011 38 3.8 148 0.9 15.7 11.9
15 2012 1.8 3.8 14.9 0.9 15.7 119
16 2013 27 2.1 14.9 0.9 158 13.1
17 2014 38 3.8 15.0 0.9 15.9 12.1
18 2015 3.8 3.8 15.0 0.9 15.9 12.1
19 2016 3.8 38 15.0 0.9 15.9 12.1
20 2017 38 38 150 0.9 15.9 12.1
21 2018 3.8 3.8 150 0.9 15.9 12.1
22 2019 3.8 3.8 15.0 0.9 15.9 12.1
23 2020 : 3.8 3.8 15.0 0.9 15.9 12.1
24 2021 3.8 38 15.0 0.9 15.9 12.1
25 2022 38 3.8 15.0 0.9 15.9 12.1
26 2023 © 38 3.8 15.0 0.9 159 12.3
27 2024 38 3.8 15.0 0.9 15.9 12.1
28 2025 3.8 33 15.0 0.9 15.9 12.1
29 2026 38 38 15.0 6.9 15.9 12.1
30 2027 33 38 15.0 0.9 15.9 12.1
31 2028 38 33 15.0 0.9 15.9 12.1
32 2029 ' 3.8 38 15.0 0.9 15.9 12.1
33 2030 3.8 338 15.0 0.9 15.9 12.1
34 2031 38 3.3 15.0 0.9 15.9 12.1

FIRR:  -1.7%



Table P-10  Financial Expenditure and Revenue Stream: Central Region
In Case of Charge III

. (Unit:Q mitlion)
Serial  Year Expenditure Revenue Balance
No. Const. OM Total Domestic  Industry Total
1 19938 2.1 0.0 9.1 0.0 00 00 9.1
2 1999 172.1 0.0 172.1 0.0 0.0 0.0 -172.1
32000 149.8 00 145.8 0.0 0.0 00 -1498
4 2001 149.8 0.0 149.8 00 0.0 0.0 -149.8
5 2002 - 36 36 386 26 41.2 325
6 2003 3.7 3.7 39.9 2.6 425 338
7 2004 3.7 31 41.2 2.6 43.3 40.1
3 2005 38 18 42.6 2.6 43.1 41.4
9 2006 ' 3.8 338 431 26 45.7 41,9
10 2007 3.8 38 43.4 2.6 45.0 42.2
11 2008 38 K3 43.7 2.6 46.3 42.5
i2 2009 3.8 38 44.0 26 46.6 428
13 2010 38 38 443 2.6 46.9 43.1
14 2011 38 38 44.4 2.6 47.0 43.2
15 2012 38 38 44.6 26 4712 43.4
16 2013 27 2.7 448 26 473 44.6
17 2014 38 38 450 26 47.6 438
18 2015 KRS 38 45.0 2.6 476 438
19 2016 38 38 45.0 2.6 416 438
20 2017 338 38 45.0 2.6 476 43.8
21 2018 38 38 450 2.6 476 43.8
22 2019 s 38 45.0 26 47.6 438
23 2020 38 38 45.0 26 47.6 43.8
24 2021 38 38 45.0 2.6 47.6 4338
25 2022 38 3.8 450 26 47.0 438
26 2023 © 38 3.8 45.0 2.6 47.6 438
27 2024 38 3.8 45.0 26 47.6 438
28 2025 38 3.8 45.0 2.6 47.6 433
29 2026 38 38 45.0 26 416 438
30 2027 38 38 45.0 2.6 416 43.8
31 2028 38 38 450 2.6 47.6 43.8
322029 ' 3.8 3.8 45.0 26 41.6 418
33 2030 38 38 450 26 47.6 418
34 2031 38 38 45.0 26 - 476 43.8
FIRR: T.1%



Table P-11  Financial Expenditure and Revenue Stream: South 3 Region

In Case of Charge 1
_ (Unit:Q million)
Serial  Year Expenditure Revenue Balaace
No. Construction o Total Domestic Industry Total
1 1998 56 0.0 5.6 0.0 0.0 0.0 5.6
2 1999 86.3 0.0 86.3 0.0 0.0 0.0 -86.3
3 2000 8.2 0.0 682 0.0 0.0 0.0 -68.2
4 . 2001 68.2 0.0 68.2 0.0 0.0 0.0 -68.2
5 2002 1.7 1.7 LS 038 21 0.6
6 2003 1.7 1.7 1.6 0.8 24 0.7
7 2004 1.7 1.7 1.9 0.8 28 1.0
8 2005 1.3 1.2 23 0.8 3.1 1.4
9 2006 18 1.8 27 0.8 3.5 18
10 2007 1.8 1.8 23 0.3 3.6 1.9
11 2008 1.8 .4 2.9 0.3 3.7 20
12 2009 1.3 1.8 3.0 038 38 2.1
13 2010 1.8 1.8 3.1 0.3 40 22
i4 2011 1.8 1.8 33 08 4.1 23
15 . 2012 138 1.8 34 08 4.2 24
16 2013 1.8 1.8 36 0.8 44 26
17 2014 1.8 1.8 3.7 08 4.5 2.7
18 2015 18 18 38 0.8 47 23
19 2016 1.8 18 38 0.8 4.7 28
20 2017 1.8 1.8 38 0.8 4.7 28
21 2018 1.8 1.8 38 0.8 4.7 28
22 2019 1.8 1.8 38 03 47 23
23 2020 18 18 38 0.8 4.7 28
24 2021 I.8 1.8 38 08 4.7 28
25 2022 I8 1.8 38 0.8 47 23
26 2023 18 1.8 38 0.8 47 28
21 2024 1.3 1.8 38 03 4.7 28
28 2023 1.8 1.8 38 0.3 4.7 28
29 2026 1.8 1.8 338 0.8 4.7 28
30 2027 1.8 1.8 38 0.8 4.7 28
31 2028 1.8 1.8 38 08 4.7 2.8
32 2029 1.8 1.8 38 08 4.7 28
33 2030 1.8 1.8 18 0.8 47 238
34 2031 18 LS 38 0.8 4.7 23
FIRR: ~ -5.5%

P-11



Table P-12  Financial Expenditure and Revenue Stream: South 3 Region

In Case of Charge ITI

(Unit:Q million}
Serial  Year Expenditure Revenue Balance

No. ' Construction oM Total Domestic  Industry Total
1 1998 5.6 0.0 5.6 0.0 0.0 0.0 56
2 1999 : 86.3 0.0 86.3 0.0 0.0 0.0 -86.3
3 2000 682 0.0 68.2 0.0 0.0 0.0 68.2
4 2001 68.2 0.0 68.2 0.0 0.0 0.0 -68.2
5 2002 1.7 1.7 3.0 1.6 4.6 2.9
6 2003 1.7 1.7 3.2 1.6 48 3.1
1 2004 1.7 1.7 39 1.6 5.5 38
8 2005 1.8 1.8 - 4.7 1.6 6.3 4.5
9 2006 18 1.8 5.5 16 7.1 5.3
10 2007 18 1.8 37 1.6 73 3.5
il 2008 1.8 1.8 5.9 1.6 735 37
12 2009 18 I.8 6.1 16 1.7 5.9
13 2010 1.8 | %, S 6.3 1.6 1.9 6.2
14 2011 1.8 13 6.6 1.6 82 6.4
15 2012 1.8 i8 6.8 1.6 85 6.7
16 2013 18 1.8 7.1 1.6 82 7.0
17 2014 18 1.8 T4 1.6 9.1 13
18 2015 1.8 1.8 1.7 1.6 94 1.5
19 2016 1.8 1.8 1.7 1.6 - 94 1.5
20 2017 P.8 1.8 1.7 1.6 2.4 1.5
21 2018 1.8 18 1.1 1.6 94 1.5
22 2019 18 1.8 N L6 94 1.5
23 2020 1.8 1.3 NG 16 94 1.5
24 2021 1.8 18 1.7 1.6 9.4 1.5
25 2022 18 1.8 ' 17 1.6 9.4 1.5
26 2023 1.8 1.8 1.7 1.6 94 1.5
27 2024 1.8 1.8 1.7 1.6 94 1.5
28 2025 1.8 1.3 1.7 1.6 94 75
29 2026 1.3 1.8 1.7 1.6 24 7.5
30 2027 1.8 1.8 7.7 16 9.4 7.5
31 2028 L8 L8 - 1.7 16 9.4 1.5
32 2029 18 18 1.7 1.6 9.4 1.5
i3 2030 1.8 138 1.7 1.6 9.4 7.5
34 2031 1.8 18 N 1.6 24 7.5

FIRR: 0.8%
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