5.1.3 Municipalities in Metropolitan Avea

Municipalitics included in the Study Atea are Gualemala City, Mixco, Villa Nueva, Villa
Canales, Chinautla, San Miguel Petapa, San Pedro Ayampuc and Santa Catarina Pinula.
Brief surveys as to water supply and sewerage services in major municipalitics except
Guatemala City were scparately conducted. The resulls are prescnted in Table 5-1 and
subsequent paragraphs.

Table 5-1 Water Supply and Sewerage Services of Major Municipalities

Municipality | Mixco Chinautla San Miguel! Villa Canalcs | Santa
Petapa Catanina
Pinula

Total 312,772 64,420 37,212 64,044 35,856
yopulation et e

# Munu:ipahty 850 60 44 84 79
..SIaff " R T T T T TY TR P

# connecuon of | 30,000 2,900 Not available § 13,000 2,915

Water charge flat rate QL0 0Q1.5/m? 10 100 | Q10 for 30m?,  flat ate Q0.5 flat rate Q6

flat rate Q15 cuslomers, 25% excess for | {lat rafe Q5.5
Q1/m? 10 2,800 § over 30m? flat rate QL0

) B— customess | ST SRR
# staff working | 150 6 for OM + no exclusive 1§ 12for O/M+7for | 12

for waler supply some 20 for all § skaff collection of all

field works charges
Meter parlly installed installed and | installed and partly instatled  § nil

| but unmetered i metered metered but unmeteced

Collection place | main offiec + 2§ niain office. main office main office 47 | main office
................... suboffice collection office { 1
sewerage partly provided | nil nil partly prowded provided lo
JServices S R 1,108 users

# staff for 80 for deainage ; drainage sfaff nil nil 8

sewerage of are common o .

Jdrainage ST .12 1) U SN RO
sewerage charg_ ni! nil nil nil flat rate Q5

Source : Study Team
a) Mixco

As a considerably large municipality, the Mixco Municipality has various departments and
divisions such as Mayor’s office, Sccretariat, Legal Office, Finance, Works, Registiy,
Water  Supply, Administration, Human Resources, Public services, Community
Development, Municipal Police, and Municipal Couit. The total staff number is 850, of
which 150 and 80 staif are respectively working for water supply and drainage. At present,
the initial non-recurring connection costs for piped water supply are (i} Q1,000 of water
right fee, (if) Q55 of connection fee, and (iif) Q25, Q35, Q50, or Q100 of title fec depending
on the system. Inaddition, a new user has to buy a meter priced between Q200 and Q300.
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For monthly watcr charge, a flat rate of Q10 or Q15 is applied depending on arcas, The
sewcrage charge is also levied in certain areas which amounts to flat rate of Q5 per month,
Collections of water and sewerage charges are made at the Municipal Office and two other
suboffices.

b) Chinautla

The Chinautla Municipalily has three divisions: Treasury, Secretariat, and Public Scrvices.
The tolal staff number is 60, of which 6 staff arc assigned to O/M of water supply and
drainage. In addition, 20 construction workers and a few administrative staff are partly -
involved in water supply and drainage scrvices. Boring of wecll is contracted out.
Communily participation programs to provide water supply and drainage by asking
community’s labor contribution are encouraged. The Municipality has offered no sewerage
services whatsoever but wishes to provide them in the future. The initial connection fees for
piped water total Q1,800, consisting of Q1,500 of water right fee and Q300 of connection
and meter fees. The monthly water charge is a proportional 1ate of Q1.50/m? for about 100
customers in residential areas and a proportional rate of QIl/m® for the other 2,800
customers. Meters are installed at all connections and read monthly by the Municipality staff.,
Collections ar¢ made at the Municipal Office.

¢) San Miguel Petapa

The San Miguel Pefapa Municipality has three divisions which are Mayor’s office,
Secretariat, and Treasury. 44 staff are currently employed, of which 11 are assigned
administrative jobs and 33 are working in the field. They are covering all municipal services
including water supply. There is no sewerage service. The conneclion fees for piped water
supply totat Q2,125 which are comprised of (i) Q1,750 of water right fee, (ii) Q350 of meter
fee, (iii} Q15 of connection fee, and (iv) Q10 of title fee. These are all initial non-recurring
fees. For monthly water charge, a flat rate of Q10 is applied up to 30m® consumplion. For
over 30m’, 25% of excess is charged. Collections arc made only at the Municipal Office.

d) Villa Canales

The Villa Canales Municipality has four divisions, namely, Mayor’s office, Secrelariat,
Treasury, and Registry. There are currently 84 staff in total. Those engaged in the water
supply services number in 12 and belong to the Mayor’s office. The Municipality currently
offers limited sewerage services whose O/M is contracted out but no service charge is levied.
The initial connection fee is Q387: flat rates are employed as monthly water tari(t: they vary
depending on viltages which ranges from Q0.5 to Q5.5. As of February 1996, a mark up to
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Q10 has been agreed by some villages. Billings are made by the Treasury and collected at the
Head Office and seven sub offices.

e) Santa Catarina Pinula

The Santa Catarina Pinula Municipality’s organization are classificd into four divisions:
Mayor's Office, Treasury, Legat Office, Technical Division, The total staff number is 79,
The Water Supply Division has 12 staff who are engaged in O/M of water supply. The
sewcragc system covers part of the Municipality arca with 8 staff working exclusively. A
new customer of piped water has to pay initially Q800 of water right fee and Q40 of
connection fee. In addition, a water meter has to be purchased. The present monthly water
charge is set at Q6 of flat rate without regard to consumption. The sewerage charge is set at
Qs of flat rate. The Municipality has not yet read meters. Collections of bill are only made at
the Municipality Office. '

5.2 FINANCIAL SITUATION
5.2.1 Central Government

In 1991 the government proposed measures to stabilize the national economy because of
budgetary crisis. An cmergency tax bond was issued for Q700 million. Electricity prices
were raised. The Congress passed a major tax reform which simplified income taxes,
unified value added tax (VAT) at 7% and raiscd petrol taxes. The central government’s
finances were brought back into balance in 1991 and 1992, as shown in Table 5-2. After
1993, however, it scems to have deteriorated again as deficits recorded at Q513 million in
1993 and Q361 million in 1994,

There is no information segregated into the water and sanitation sector in the central
government expendilure,  Table 5-3 shows that the expenditure for public health and
environmental sanitation disbursed by Ministry of Health, accounting for around 1% of GDP
during the last five years. Of the expendifure by the Ministry, 12% to 23% was disbursed
for capita! investment of public health and environmentat sanitation,

Finally, the environmental sanitation sub-sector, mainly used for water and sanitation
projects, accounted for Q93 million or 0.17% of GDP (maximum among five year’s record)
in 1988 and Q40 million or 0.04% (minimum) in 1990. During years, the investment for
water and sanitation sub-sector looks to have fallen down abruptly, despite the fact that the
percentage of the tolat public investment to GDP has not decreased since much 1988.
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Table 5-4 shows investment programs for the potable water and environmental sanitation
sector by the central government after 1993, These projects are mostly proposed for rural
areas where rural communitics have litile financial power of development, Total amounts
spent on development for respective years are as follows: Q135 million in 1993; Q225
million in 1994; Q337 million in 1995; and Q328 million in 1996, Of the total amount
{01,026 million) for the four years, Q683 million or two-thirds comes from foreign financial
sources,

Table 5-2 Revenue and Expenditiure of Central Government: 1990-1995
' (Unit: Million Quelzals)

Item 1988 1989 1590 1994 1992 1993*1  1994*1
REVENUE 2,299 2,414 2,796 4,313 5,752 6,258 7,449
Recurrent Revenue 2,299 2414 2,796 4,282 5,740 6,246 7,110
1. Tax Revenue 1,811 1,863 2,360 3,470 . 4,511 5,435 6,372

- Direcl Taxes 452 452 552 1,085 1,081 1,270 1,511

- Indirect Taxes 1,359 1,411 1,809 2,385 3,431 4,165 4,561

- Others - - - - - - 300

2. Non-fax Revenue 120 229 22 162 334 810 738
3. Other Revenuz*2 336 288 176 574 813 - -
4, Special Revenue 32 35 38 76 82 - -
Capital Revenue 0 0 0 31 13 13 339
EXPENDITURE 2,584 3,131 3,503 4,313 5,751 6,771 7,840
Recurrent Expendifure 2,074 2,386 2,906 3,524 4,187 5,040 5,402
1. General Expenses 1,329 1,527 1,933 2,099 2,730 2,961 3,216
2. Interest of Debts 302 327 389. 152 532 806 996
- Domestic 258 272 322 346 364 an 631

- Foreign 44 35 67 - 406 168 429 - 364

3. Transfer Paymeat 443 532 585 673 925 1,273 1,191

- Public Sectors 224 297 248 416 521 - 650

- Private Secloss 211 235 322 243 374 - 506

- Foreign Sectors 8 ¢ 14 15 23 - .35
Capital Expenditure 510 745 597 789 1,564 1,731 2,438
1. Direct Investment 330 508 417 519 645 637 1,658
2. Transfer Payment 180 237 180 269 919 _ 49§ 780

- Public Seclors 131 227 178 267 913 - P24

- Private Sectors 47 g -1 3 "0 - 25

- Foreign Seclors 2 0 | 0 .6 - 31

3. Financial Investment - - - - - 599 -
SURPLUS/DEFICIT 285 Vi 707 0 2 -513 -39

Source: (1) Projecto de Presupuesto Genéral de Ingresos y Egresos del Lstado 1994, Sépt, 1993, GOG
(2) Financial Situation of Central Government, SEGEPLAN

Note: *1 Estimation in the above scurce {1} '
%2 Transfer revenue as donation or grant from foreign countries, ete.
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Table 5-3 Public Invesiment for Environmentatl Santtation and Public Health:

1988 - 1993
(Unit Million Quetzals)

1988 1989 1990 1991 1992 1993
1 GDP 20,545 23,685 34,317 47,033 53,949 63,563
2 Expenditure of Central Government 2,584 3,131 3,503 4,313 5,751 6,771
3 Budget for Health and Social Welfare Sector 291 319 318 416 525 -
a. Recurrent Expenditure 198 246 278 366 452 -
b. Capital Expenditure 93 74 40 50 73 105
4 Public Investment 590 755 932 1,024 1,567 1,584
a. Public Health and Social Welfare Sector 93 74 40 50 73 105
- Eavironmental Sanitation Sub-sector 35 24 i5 22 33 47
- Other Sub-sectors 59 50 25 28 40 57

Percentage Share of GDP .
1 GDP 100.60 100.06 100.00 100.00 10000 100.00
2 Expenditure of Central Government 12.58 13.22 10.21 .17 10.66 10.65
3 Budget for Health and Social Welfare Sector 1.42 1.35 0.93 0.88 0.97 -
a. Recurreat Expenditure 0.96 1.04 0.81 0.78 0.84 -
b. Capital Expenditure 0.45 0.31 0.12 .11 0.14 -
4 Public Investment 2,87 3.19 2.72 2,18 2,90 3.2
a. Public Health and Social Welfare Scctor 0.45 0.31 0.12 0.11 0.14 .16
- Eavironmental Sanitation Sub-sector 0.17 0.10 0.04 0.05 0.06 0.07
- Other Sub-sectors 0.29 0.21 0.07 0.06 0.07 0.09

Source: Analisis Sectorial de Agua Potable y Saneamiento, Nov. 1994, SEGEPLAN, EMPAGUA, UNICEF. etc.

Table 5-4 Investment Program for Petable Water and Environment
Sanitation Sector: 1993 - 1996
(Unit Million Quetzalks)

Implementing/Assistance Total 1993 1994 1995 1996 After 1997
. Qrganization Budget Locsl Foreign Local Foreign Local Foreign  Local Foreign Local Foreign
1 Planning Program (Pre-negociation Stage}
- Guatemala Only 02 83 00 29 88 29 46 32 44 78 27.2
. Bilateral 27 WO 120 03 12 05 22 02 63 00 00
- Japan : 210 200 120 03 12 05 22 00 49 00 00
- Germany 16 00 00 00 00 00 00 02 15 00 00
Total 1129 283 120 32 100 34 63 34 108 78 272

2 Implementing Program

. Guatemala Only 727 0% 00 296 00 415 367 233 421 1885 3193
. Bilateral 625 71 147 419 450 332 991 24 760 362 2764
- Japan an2 00 00 259 BB S 390 89 391 382 2362
- Germany 1626 05 61 105 56 134 326 34 31 13 376
. USAID - 1088 72 85 116 106 146 7S W1 S8 93 26
. Muhilaterat 4856 113 404 20 614 49 915 195 1308 100 6.7
. IPB 4357 53 265 189 604 219 86 165 1238 100 617
. UNICEF 99 60 139 31 20 30 10 30 70 00 00
Total 15908 399 551 995 124 996 213 652 BB T 6634
Grand Total 20007 682 671 1027 1224 1031 2341 636 2396 2425 6906

20037 1353 225.3 3372 3282 933.1

Souarce ; SEGEPLAN



5.2.2 Guatemala City and Municipalitics in the Study Area

The study area for this current project is mostly occupied by the city proper of Guatemala
Municipatity. Thus, Guatemala City is decply concerned with this Study. The financial
allowance of the municipal government is the key issue for financial aspects of the project.

a) Genera! Balance of Guatemala City

Table 5-5 shows actual records of revenue and expenditure of Guatemala Municipal
~ Government during 1990-1993. For these four years, the government recorded an overall
suplus except in 1990. Main sources of revenuve were divided into tax and non-tax
revenucs. Besides these main sources, the municipal government gets (i) subsidy from the
central government and (ii) donation from citizens and organizations in the City.

Tax tevenue varied from Q22 million or 46% of the total revenue in 1990 and to Q32 million
or 25% in 1993. In 1990, the municipal government did not reccive a subsidy from the
central government, so the percentage of tax revenue looked large. Among the tax revenue,
nearly one-third of the total accrued from direct taxes and the rest from indirect taxes. The
dircct taxes are composed of local inhabitants tax and fixed property tax. The indirect
taxation consist of taxcs on liquor, beer, tobacco, gasoline, urban transportation,
registration, admission, etc, Major items of non-tax revenue accrued from municipal
services and rentat income of municipal lands. The subsidy from the central government is
an important source of income for the municipality. As seen in the table, its amount was not
stable, which serious influence on the municipal financial balance.

The total revenue was Q47 million in 1990 and increased to Q131 million in 1993. This was
an incremental increase of Q84 million or 1785 compared with 1990°s total, although there
was ncarly 40% inflation during these years. The fluctuation of revenue during the period
was caused by the unsteady subsidy from the central govemment as mentioned above.

In 1993, the municipal expenditure was classified as follows: for personnel expenditure Q52
million or 46% of the total expenditure; for non-personnet expenditure, Q27 million or 24%;
for material purchasing, Q13 million or 12%; for transfer payment to public organizations
including EMPAGUA, Q18 million or 16%; for others, Q3 million or 2%, Incidentally,
EMPAGUA got a subsidy of Q6 million from the municipal government in 1993. This was
disbuised as supporting personnel expenses of EMPAGUA,
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Table 5-5 Revenue and Expenditure of Guatemalta Municipal Government: 1990-19%3

{Unit: 1000 Queizals)

Ifem 1990 1991 1592 1993
Revenue 46,946 154,354 199,507 130,713
1. Tax Reveoue 21,568 26,912 29,699 32,189

-1 Direct Taxes 10,009 8,347 10,861 11,261

- Local Inhabilanis Tax 2,627 2,833 3,360 3,832

- Fixed Properfy Tax 7,383 5514 7,501 7,429

-2 Tndirect Taxes 11,558 18,565 18,838 20,928

- Liquor Tax 111 213 285 172

- Beer Tax 232 164 155 75

- Tobaeco Tax 253 248 236 202

- Gasoline Tax 876 1,597 167 524
- Urban Transportaticn 5,354 10,366 10,242 11,768

- Registration Tax 536 554 580 720

. - Admissien Tax 682 172 1,375 1,128

- Other Taxes 3,515 4,650 5,199 6,339

2. Non-tax Revenue 24,057 26,425 45,092 65,575
- Rent of Public Lands 5,351 5,835 6,493 9,004

- Reat of Building 970 1,066 1,716 2,452

- Income from Finaacial Assels 1,383 1,932 2,239 3,867

- Sales of Goods 1,003 2 2,303 3,316

- Municipal Services 8,677 13,010 26,196 36,987

. Tines 3,291 1,198 1,291 988

«  Qther Services 3,382 3,381 4,855 8,961

3,  Transfer from Central Government 0 97,117 120,846 30,663
4. Donations 1,321 3,901 3,869 2,286
Expendifure 69,230 140,165 184,395 112,045
Personnel Expeaditure 21,352 38,994 46,944 51,715
Official Stafl 21,323 27,354 31,882 34,534

Day Laborer 5,116 11,003 14,328 16,378

Others 913 636 734 803
Not-personnel Expenditure 11,995 13,679 27,194 26,691
Public Services 7,069 10,402 23,217 17,698
Publication 1,431 760 1,465 1,775

Interest, Commission & Insurance 2,072 1,20¢ 1,271 5,517

Other Services ' 1,424 1,309 1,181 1,702

Material Purchasing 9,939 8,417 9,647 13,282
Traasfer Payment 19,785 78,814 ©9,530 17,618
Personnel Payment 4,399 5,021 5,682 6,513

~ Subsidy to Institutions 14,605 70,418 85,835 3,447

Urban Road Services 0 2,267 6,980 6,035

Others 781 1,107 1,033 1,623

Iacidential Expenses 109 247 375 469

Uncotlected Charges \) 14 703 2,271
Surplus/Delicit 22,284 14,190 15,112 18,668

Source: Informe de Auditoria Financiera al 31 de Diciembee de 1993, 1992, 1993, Municipalidad de Guaternala
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The total expenditure was Q69 million in 1990 and increased to Q112 miillion in 1993, This
was an incremental increase of Q43 million or 62% compared with 1990 total, although
inflation raised prices nearly 40% during these years, The fluctuation of revenuc during the
period seems due to the subsidy to public institutions concerncd.

According to the municipal financial report, investment for the environmental sanitation
sector by the municipal government was Q0.5 miltion or 1.0% of the total investment. The
figures in other years are enumerated in Table 5-6. The investment amount for the seclor
fluctuated for the four years from the minimum Q0.05 million or 0.2% of the total
investment in 1991 to Q4.06 million or 12.6% in 1990. The average of investment for the
sector was 01.23 million for the four years.

Table 5-6 Investment by Guatemala City
{(Unit: 1000 Quetzals)

ltem 1990 1991 1992 1993
Al Sector 32,269 ' 31,621 47,193 46,472
Environmental Sanitation Sector 4,061 50 k5| 487

Share of Eovironmental Sanitation Sector 12,6 0.2 0.7 1.0
Source : Gualemala City '

b) Assets of Guatemala City

Assets of Guatemala City comprise (i} current assets, which include the surplus of the
previous fiscal year in the form of savings and tax accounts reccivable, (if) fixed assels,
which include machinery, officc furniture, office buildings and on-going projects, (iii)
deferred assets, which include research and project planning by the municipal government,
(iv) intangible asscis, mainly bonds and loans to EMPAGUA, and (v) other asscts such as
funds for amortization and special works in the cily. The total amount of the assels was
Q492 million in 1993 as shown in Table 5-7. It increased by Q175 million or 55% of the
1990’s total asscts since. :

The municipal government still has assets of water and sanitation facilities, as seen in the
table. In 1993 they were assessed as Q4.6 million for water distribution works and Q193.1
million for on-geing structures divided into Q82.1 million for the water system and Q111.0
million for the sewcrage systens,

The increment of asscts was supported mostly by the increase of fixed Hability. In
patticular, the Hability from external organizations sharply increased for four years, i.c., Q69
million in 1990 to Q244 million in 1993. Other liabilities and municipal treasury recorded a
relatively less difference between 1990 and 1993, although somne recorded a little fluctuation
during the period.. |



iy
a ._-l

Table 5.7 Balance Sheet of Guatemala Munlcipal Government: 1990-1993

(Unit: 1000 Queizals)

Jizm 1590 1991 1992 1993
Assets 317,460 429,870 472,745 492,245
Curreat Assets 27,812 23,803 33,003 33,608
Cash & Saviags 45591 3,013 -2,228 2,991

‘Taxes Receivable 23,716 21,093 30,583 30,532

Others 135 -301 190 81

Fixed Assels 200,005 366,919 392,125 414,202

~ Machinery & Equipmeot 37,785 38,331 38,641 39,272
Real Estate 12,255 12,262 12,262 12,736

Roads and Cornmunication 29,858 33,024 33,063 35,042

Water Distsibution Works 4,581 4,581 4,581 4,581

Others 1,075 1,092 1,092 1,100
Structures in Process 114,452 271,569 302,486 321,472

Water System - 82,028 79,910 82,045

Sewerzpe System - 117,644 115432 111,027

Others - 71,597 107,144 128,400

Intangible Asseis * 2,844 5,548 4,988 4,834
Deferred Assels 65,192 12,000 10,562 10,550
Researches and Projects 341 5,410 8,549 8,623

Others 61,715 L 5,589 2,013 1,967

Other Assels 21,547 ’ 21,599 32,067 29,010
Fund for Amortizalion 2,431 5,944 4,765 6,546

Fuad for Special Works 8,956 11,559 23,384 15,934

Crhers 10,160 4,093 3919 6,531
Treasury & Liability 317,460 429870 472,745 492,245
Liabllities 117,607 275,338 301,677 298,804
Cursent Lizbility 22,91 20,351 36,771 27,126
Fixed Liability 91,203 247417 257,022 269,339
Bonds 3,843 3,233 2,611 1,972
Jaternz] Liability 404 394 213 131
Externat Lisbility 63,735 225,509 233,541 243678
Accounts Payable 18,222 18,282 20,597 23,559
Deferred Liability 3,430 1569 7,584 2,339
Municipal Treasury 199,853 154,532 171,068 193,441
Municipal Patrimony 58,668 63319 63,319 63,290
Assistance of Ceatyal Government 158,001 71,678 71,678 71,678
Accumulated Surplus/Deficit -7,530 -6,117 10,159 29,046
Contribution of EMPAGUA 758 758 758 758

- Others -11,044 24,893 25,153 . 28,668

Souroe: Informe de Auditoria Financiera 3} 31 de Diciembie de 1993, 1992, 1993, Maunicipalidad de Guatemala

Note:  * Maialy tond and Joan o EMPAGUA
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‘Table 5-8 gives Financial indices showing the stalus of municipal finance.

Table 5-8 Financial Indices of Guatemala City

ltem 1990 1991 1992 - 1963
Cument Ratio - 1.2 12 0.9 1.2
Acid Ratio 0.2 0.1 01 0.1
Worth Debt Ratio 1.7 0.6 0.6 0.6
Ratio of Fixed Assels to Long-terin Capiial 0.7 0.9 0.9 0.9

Source : Study Team

Current ratio is calculated as a quoticnt of current assets over current liability and indicates
medium term solvency. ‘The ratios except for 1992 were more than 1.0, so the municipal
government seems to has sound solvency., Acid ratio is a quotient of cash and savings over
current liability and indicates short term solvency. The ratio should preferably be almost 1,0
or at least more than 0.4. The ratios for thc govermnment were less than 0.2, so the
govemment has little solvency from the short term view point.  However, since the
municipal government is considered to have littie opportunity to liquidate liabilities swiftly,
the ratio does not always keep above 0.4.

Worth debt ratio is a related of own capital, i.c., municipal treasury, to total lability. It
indicates management stabilization of an entity. Since the municipalily increased external
liabilitics sharply for these years, the ratio has deteriorated drastically as shown in the above
table. Ratio of fixed assels to long-term capital is a quotient of fixed assets (o total of own
capital and fixed liabilities, and indicates management invulnerability. It should be more than
1.0. The ratios in the above table were 0.9 in the lalter three years, so the invulnerability
seems to be slightly low,

¢) Financial Status of Other Municipalities Concerned

Besides Guatemala Municipality, the study arca includes scven municipalities around the
capital city. 1t docs not include not their whole administralive areas but some pats of then.
They are as follows in order of present population: Mixco, Villa Nueva, Chinautla, Villa
Canales, Santa Catarina Pinula, San Miguel Petapa and San Pedro Ayumpac. '

Table 5-9 shows the financial status of Santa Catarina Pinula Municipalily during the latest
five years, 1990-1994. Its revenue and expenditure in 1994 were Q2.9 million and Q3.8
million, respectively. Thus, the municipality had a deficit of Q0.9 million in 1994. It
recorded deficit continuously for the five years.
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Table 5-9 Revenue and Expenditure of Santa Catarina Pinula Municipality

(Unit: 1000 Quetzalsy

ltem - 1990 1991 1992 1993 1994
Revenue 355.2 366.5 725.4 1,337.5 2,909.3
License 1320 1707 280.2 583.9 554.5
Concession of Water 21,6 217 18.8 60.8 5714
YWater Charge 30.0 312 314 61.6 2224
Slaughter 86.0 61.3 96.6 128.1 144.2
Donation 26.6 33.9 180.4 3489 3733
Others 53.1 47.7 118.1 154.1 1,043.5
Expenditure 822.2 738.4 1,861.2 2,935.3 3,776.7
Personne} 187.6 268.7 3903 485.5 745.2
Road Maintenance 68.7 354 216 55.7 438.8
School Construction 28.5 16.2 278 107.6 521.0
Waler Syslem 13.5 60.5 403.1 829.6 748.7
Sewerage Sysiem 46.0 2.6 3312 616.0 104.4
Amoriization 0.0 0.0 1200 180.0 168.8
Others 478.0 354.9 561.2 660.9 1,029.9
Surplus/Deflicit -467.¢ -371.9 -1,135.8 -1,597.8 -867.4

Source:  Financial Statements of Santa Catarina Pinula Municipality, 1990-1994

Table 5-10 shows the financiat status of Villa Canales Municipality in 1994. Table 5-11

illustrates that of Mixco Municipality in 1995, Villa Canales® revenue and expenditure were
recorded at Q2.6 million and Q3.5 million respectively. Mixco’s revenuc and expenditure
were recorded at Q25.7 million and Q27.6 million, respectively.
recorded deficit on their financial balance: -Q9 million or 34% of the total revenue of Villa

Canales and -Q1.9 million or 8% in Mixco.

Table 5-10 Revenue and Expenditure of Villa Canales Municipality

(Year 1994, Unil: 1000 Queizals)

Revenue - 2,567.4
Contribution & Taxes 3288
License 355
Concession of Waler 72.9
Water Charge 119.7
Donation 1,634.3
Others 376.2
Expenditure 3,457.0
Personne] 773.7
Road Maintenance 2352
School Construction 7.3
Water System 1,714.6
Deainage System 208.7
Amorlizalion 125.5
Others 392.1
Surplus/Deficit -889.7

Source;  Financial Statements of Villa Canales Municipality, 1994

Both municipalitics



Table 5-11 Revenue and Expenditure of Mixco Municipality
(Year 1995, Unit: 1000 Quelzaks)

Revenue 25,683.4
Contribution & Taxes 10,235.9
License 1,605.0
Concession of Water 564.5
Watet Charge 3,450.3
Central Government 5,289.9
Others . 4,537.8
Expenditure . ' 27,629.0
Personnel 10,235.9
Road Maintenance 1,871.1
Waler System 1,050.%
Drainage System .- 5508
Amorlizalion 750.0
Others . 13,1704
Surplus/Deficit -1,945.6

Source:  Financial Statements of Mixco Muincipality, 1595

Table 5-12 shows the budget of Chinautla during the latest four years, 1992-1995. lis
reventic and expenditure in 1995 were both estimated at Q3.2 million. This amount was
slightly smallcr than that of the previous year of Q 3.5 million.

Table 5-12 Budget of Chinautla Municipality _
{Unil: 1000 Quetzals)

em 1992 1993 1994 1995
Revenue 2,014.3 2,521.8 3,493.5 3,223.7
License 30 55.0 100.0 100.0
Pavement 550.0 732.8 550.¢ 40.0
Concession of Water 45.6 48.0 100.0 300.G6
Water Charge 46.0 85.0 - 1200 160.0
Garbage Collection 42.0 48.0 84.0 120.0
Donation - 160.9 117.6 250.9 200.0
Subsidy 635.0 898.2 1,599.6 1,636.8
Others 501.8 5313 639.0 666.9
Expenditure 2,014.3 2,521.8 3,493.5 3,223.7
Personnel 407.6 486.2 618.0 633.7
Road Maintenance 650.5 709.9 7151 350.0
School Construction 400 50.0 150.0 160.0 -
Waler System 2400 317.4 3315 600.5
Sewerage System 30.0 33.0 33.0 50.0
Amoriization & Interest 40.6 386 38.0 358
Others 605.6 886.7 1,548.0 1,337.7
Surplus/Delicit 0.0 0.¢ 0.0 . 0.0

Source:  Financial Statements of Chinasila Municipality, 1992-1995
Since the total population of Sanla Catarina Pinula in 1994 was estimated at 29,919, the per

capita revenue and expenditure in the same year were Q97 and Q126, respectively. These
figurcs were not so different from the 1993’°s values of Guatemala Municipality, Q115 and
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Q99. However, since the population of Villa Canales and Chinautla in 1994 and Mixco in
1995 was cslimated at 58,996, 67,027 and 439,950, the per capita revenuc of the respective
municipalities was estimated at around 48, Q44 and Q58. These figures were almost half
of Santa Catarina Pinula and Guatemala Municipality.

The financial balance of water and sanitation services in Santa Catarina Pinula in 1994 was:
Q0.79 million of revenue, consisting of Q0,57 million of concession of water and Q0.22
million of water charge; (0,85 million of expenditure consisting of Q0.75 for water system
and Q0.10 million for drainage system; and finally Q0.06 million of deficit. The services are
operated and maintained by private firms on a conlract basis. '

In the same manner, Villa Canales in 1994 recorded as follows: Q0.19 million of revenue;
Q1.92 million of expenditure; and Q1.73 million of deficit. Mixco recorded in 1995: Q4.01
million of revenue; Q1.60 million of expenditure; and 02.41 million of surplus. That of
Chinautla in 1995 was: Q0.65 million of revenue; Q0. 16 million of expenditure; and Q.49
million of deficit.

5.2.3 EMPAGUA

EMPAGUA is aleading public body which covers most parts of the study area jn terms of
water supply, sewage treatment and sanitation services. It is responsible for water supply
and sewage services, but docs not cover individual sanitation facilitlics and small sewerage
treatment plants in collective estates.

a) General Balance of EMPAGUA

Table 5-13 shows a balance between revenue and expenditure for EMPAGUA during 1991-
1994. In each four year, the overall batance of EMPAGUA recorded a surplus except in
1992. In 1994 EMPAGUA dissolved an accumulated deficit and went into the black. Main
sources of the revenue were potable water and sewage services which accounted for Q96
million or 86% of the total revenue in 1994. These revenucs were divided into three parls:
Q75 million (67% of the total revenue) for water supply services; Q18 million (16%) for
sewage scrvices; and Q3 million (3%) of premium allotment from beneficiaries. Besides
these main sources, EMPAGUA gets some revenues from: sales of accessories for water
supply system such as wafer meters and boxes; and subsidy from the governments.
Although Subsidy has been provided by both central government and Guatemala
Municipality, after 1995, it is unified into the subsidy by Guatemala Municipality only.



. Table 5-13 Revenue and Expenditure of EMPAGUA: 1991-1994

(Unit: 1000 Quetzals)

Ilem 1991 1992 19493 1994
Revenue
1. Scrvices to Consumers 36,400 44,407 70,107 95,849
-1 Water Supply Services 36,390 43,327 59,934 14,764
-2 Sewage Services : 10 1,080 10,153 17,547
-3 Allolment to Beneficiaries *1 0 0 ' 0 3,537 '
2. Water Meters and Accessories 1,342 4,769 4,500 4,462
-1 instaliation of Walcr Mecters 198 1,386 : 1,793 2,052
-2 Sales of Water Melers 11 2,027 1,668 1,449
-3 Accessories & Others 1,133 1,356 1,036 961
3. Suadry Receipls 2,104 1,758 3,642 4,027
4. Subsidy and Contribution 6,144 6,873 40,657 7,698
-1 Subsidy of Govemmenl *2 5,809 6,021 39,615 7,019
-2 Contribution of Drainage 335 852 1,043 679
5 Bond Issuing *1 : 4,850 449 21 -z
Total 50,841 58,257 119,826 ' 112,034
Expenditure
1. Operation Expenditure 47,286 72,119 98,752 90,676
-1 Managing Board 1,721 1,978 2,293 2,960
-2 Planning 493 1,250 1,615 1,445
-3 Waler & Sanitation Works 2,853 5,533 ' 8,222 2,987
-4 Operation & Maintenance 19,234 41,258 . 59,617 54,727
-5 Administration *3 . 14,958 12,781 15,894 18,227
-6 Depreciation 7,374 8,586 10,398 9,841
-7 Bad Debt Loss 603 31 706 488
2. Rehabilitation & Maintenance 840 1,802 1,404 4,597
-} Waler & Sanitalion Facilities 671 1,537 926 3,89
-2 Operation & Mainlenance 163 - 265 478 382
-3 Others 0 0 0 319
3. Noen-operating Expenditure 1,485 1,496 1,536 1,637
-1 Interest on Loans 924 87 686 2,113
-2 Others 561 709 B30 476
Tolal 49,611 73,416 101,692 96,910
Surplus/Deficit 1,229 -17,159 18,134 15,124

Source: Estados Financicros, Al 31 de Diciembre de 1994, 1993, 1992 y 1991, EMPAGUA
Liquidacion de] Presupuesto General de Ingresos y Egresos Fjercicio Fiscal 1994, EMPAGUA
Presupuesio General de Ingresos y Egresos Ejercicio Fiscal 1995, EMPAGUA

Note: *1 Bond is transferred to allotment contribution from beneficiaries.

*2 After 1995 subsidies come from Guatemala Municipality only, although until 1994 they ha
come from both Central Goverament and Guatemala Municipality
*3 Including other funclions



The main revenuc from consumer services has continuously increased as shown in the table.
However, it looks difficult for EMPAGUA to keep financially sound without government
subsidy. In 1991 and 1993, the balance would have recorded deficit without the subsidy. In
spite of that, the amounts of the subsidy fluctualed year by year as secn in the table.

It is said that EMPAGUA has scveral difficultics concerning its revenue. [Its tariff is
simplified and not based on the different consumption ranks for various users such as
industries. In addition, its invoice system does not function well. The collection and
accounting system of water and sewage service charges is not integrated. It was estimated
that the invoices volume in 1993 was only 599 of the volume produced. 1f true, 41% of the
produced volume might be lost as management losses.  Accordingly, taking into
consideration of physical losses such as leakage from the piping network, the total losses of
water could be more than 50% of the produced volume. In the same manner, the sewage
system is considered to be managed at the same low level of efficiency as the watcr supply
system,

b) Assets of EMPAGUA

Asscts of EMPAGUA consist of current assets, which include not only general assets such
as cash but also estimation of uncollected charges; fixed assels, which include water supply
and sewcrage facililies and equipment for O/M; and deferred assets, which include rescarch,
rchabilitation and works in progress, As shown in Table 5-14, the total amount of the assets
was reported as Q433 million in 1994, It increased Q58 million or 15% of the 1991’s total
assets during the fatest four years.

The assets of water supply facilitics owned by EMPAGUA was evaluated at Q105 million in
1994, which includes intake facilities, conveying pipelines, pumping stations, trcatment
plants and distribution piping networks. The assets of sewerage and drainage facilities was
evaluated at Q197 million in the same year.

The increment of asscts was supported by the increase of accumulated surplus in 1994, The
amount of liability during the four years have kept constant at around Q300 million, although

current liability decreased Q24 million and fixedt liability increased by the same amount

during the period.



Table 5-14 Balance Sheet of EMPAGUA: 1991.1994

{Unit: 1000 Quetzals)

ftem 1991 1992 1593 1994
Assels
1. Current Assels 33,533 - 29,898 47,435 54,234
-1 Cash 119 153 94 175
-2 Savings 12,244 11,744 13917 10,239
-3 Accounts Receivable 21,024 17,701 33,515 . '43,200
-4 Estimation of Uncollected Charges -603 -1,172 -2,095 . -2,583
-5 Premium of Water Services - 750 - 1,472 1,944 410
-G Advance Payment, ¢lc. U] 0 0 2,793
2. Fixed Assets 271,698 278,748 307,029 318,948
-1 Intake Facility 3,655 3,57 5922 5,731
-2 Conveying Pipe Line 1,821 4,852 5,341 507
-3 Pumping Stations 7,799 7,051 73818 8,739
-4 Treatment Plants 217 1,770 1,777 1,669
-5 Distribution System 79,992 81,691 82,491 83,939
-6 Sewerage & Drainage Works 171,21 174,056 193,829 197,493
-7 Land 183 183 183 183
-8 Buildings & Structures 75 70 64 59
-9 Construction Equipment 131 -125 -88 41
-10 Transportation Equipment -126 _ 403 612 896
-11 Other Fixed Assets 4,579 5,205 92078 . 15,127
3. Differed Assets 70,113 83,226 70,296 60,241
-1 Research & Studies 6,974 7,689 4,691 4,848
-2 Rehabilitation of Water Systerm 21,138 25,644 29,118 18,984
-3 Works in Progress 18,845 21,867 13,357 - 11,658
-4 Inventory Stock of Malerials 10,290 13,306 8,657 14,610
-5 Others 12,366 14,720 14,473 10,141
Total 375,344 391,871 424,761 433,422

Capital and Liability

1. Liability 303,142 319,673 - 344,648 304,523
-1 Current Liability 64,314 73,215 72,164 42,337
- Accounts Payable 62,493 69,953 07,517 37,201
- Accrued Payroll 209 1,013 1,471 S 2614
- Reserve for Accumulated E 1,612 2,249 3,176 2,522
-2 Fixed Liability 237402 245,117 272,049 261,163 .
-3 Deferred Liability 1,425 1,341 435 1,023
2 Capital 72,202 72,299 80,113 128,900
-1 EMPAGUA Capital 104,698 . 124,251 - . 107414 107,558
-2 Accumilated Surplus/Deficit -32,495 -51,953 ‘22,301 21,302
Total 375,344 391,971 424,761 433,422

Sovrce: Estados Financieros, Al 31 de Diciembre de 1994, 1993, 1992 y 1991, EMPAGUA
Liquidacion del Presupuesto General de Ingresos y Egresos Ejercicio Fiscal 1994, EMPAGUA
Presupuesto General de Ingresos y Egresos Ejerciclo Fiscal 1995, EMPAGUA
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Table 5-15 gives financial indices indicating the status of EMPAGUA’s management
conditions. In 1994, the current ratio was 1.3, so EMPAGUA sccms to has good solvency.
In other years, however, the ratios were less than 1.0, the solvency was not in good
conditions. Acid ratios were kept at less than 0.2, so EMPAGUA has littlc solvency from
the short term view point. Since EMPAGUA should be considered to have little opportunity
to liquidate liabilitics abruptly the same as the municipal government, the ratio might not be
always more than 0.4.

Table 5-15 Financial Indices of EMPAGUA

ltem : . 1990 1991 1992 1993
Curnent Ralio 0.5 0.4 0.7 1.3
Acid Ratio 0.2 02 0.2 0.2
Worth Debt Ratio 0.2 0.2 0.2 0.4
Ratio of Fixed Assels to Long-term Capital 0.9 8.9 0.9 0.8

Source : Study Team

The worth debt ratio has been improved from 0.2 in 1991 to 0.4 in 1994, although
EMPAGUA increased external liabilities for four yecars. The conditions of the capital fund
are not good because its funds rely on debts excessively. - The fixed asscts to long-term
capital ratios in the above table were 0.9 in the former three years and went down te 0.8 in
1994, 50 the invulnerability might move to worsen slightly.

5.2.4 Financial Constraints
a) Public Expénditure for Sewerage Schemes

Public expenditure in the water and environmental sanitation sector by the central
government is used for mostly rural areas. Works in urban areas arc funded by autonomous
bodics, such as municipalitics and public corporations. In some private estates in urban
ateas, projects in this sector are developed by the private firms.

In the Study Area, existing small scale sewage treatment plants are developed and managed
by developers who implement the development schemes.  Aside from them, EMPAGUA is
expected to cover environmental sanitation scrvices in the whole area.  EMPAGUA,
however, has no Sewage treatment plants so far. At 'prcscnt, it expands scewer pipe network
only. During 1990-1935, EMPAGUA has implemcinted SEWer pipec expansion projects  as
shown in Table 5-16. _ ' '



Table 5-16 Sewer Pipe Expansion Projects by EMPAGUA

Year Number of Expansion Projects  Invesiment Amount (Million Quelzals)
1990 ) _ 1.78

1991 : 18 5.68

1592 24 4,84

1993 15 863

1994 7 4.25

1995 10 . 8.44

Source : EMPAGUA
b) Financial Sources for Sewerage Development Schemes

It would be rare for a sewage treatment project to be financed entircly from one source only.
For a project, scveral financial sources are generally applied to meet the total project cost.
Thus, it is important to have information of available financial sources. The following
financial sources are available for this kind of project: EMPAGUA’s own funds, precuring
from bond issuing, accumulated surplus, capital increase, elc.; grants from the central
govermment and the municipal governments concerned; public loans from govemmcnt'
financial instilutions; private loans from banks; and foreign assistance.

Foreign assistance may take two forms: loans and grants. It can also be classificd into two
types by organization: bilateral aid such as provided by JICA and OECF in Japan, USAID,
GTZ, ctc.; and multilateral aid such as provided by World Bank, IDA, IDB, elc. Major
international organizations financing sewage projects propose various terms of loans as
indicated in Table 5-17. Thus, an implementing enlity can apply to these organizations.

Table 5-17 Sources of Foreign Loans and their Terms as of July 1995

" Orpanization Interest Rate Period (years) Charges
(%) Repaynent*1 Grace “Hem Rate{%)
1. wB 7.72% 15 ~20 3~5 Commitment Charge 0.25% *2
2, IDA 0% 40 19 Service Charge 0.75% *2
35 10

3. IDB  Ordinary Fund 8.1% 15 ~ 25 4~6 Commilmant Charge 0.795% *2
Inspection Fee 1.0% *3
Special Fuad 1-~4% 25 ~ 40 5~10 Commitment Charge 0.5% *2
Inspection Fee 0.5% *3

4. OECF 2.64% 28.3 4 9.2 *4

Remark: IDA - Infemational Developntent Associatio
Note: *1 Including grace period '
*2 Applied to an amoun! ntot committed
*3 Applied ta tolal amount of loan
*4 Average of loan commilted in the past

EMPAGUA has experience of procuring its funds through various financial organizations in
the past. In the last 20 years, forcign aid has been provided by 1DB, BFCE, WB, BCIE and
OECF. Their terms and conditions of toans are tabulated in Table 5-18.
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Table 5-18 Loans Applied to EMPAGUA Projects

Orgznfza!ion Total Amount - Interest Rate Period (ytars) Charges . Contrzctzd
(Miltien} (%) Repayment*  Grace fter Rate{%) Year
1 DB Us310.0 1%upto 3985 Wyears  10years  Commitment Charge 05% 1975
2% allec 3985
2 IDB US$35.5 1% upto 1988 20years 10 years  Commitment Charpe 1% uplo May 1583 1978
2% afler 1988 2% alier 1988
3 BECE FIisd 8.55% 10 yeats . Commitment Chasae 5%
4 BFCE FFi54 8.1% 30 years - Commitreat Charge 5% ' 1987
5 Wb US§23.0 _ 1% 14 years 4 yezrs Commitsazal Charpe 0.25% 1987
6§ B(IE Uss$2 13- 14% 3years 2years Othee Charges 853,408 1920
7 OECF Yen 4,711 27% 30years 10 years Service Charge 0.1% 195
Remark: BFCE - Banque Francaise du Commerce Extenter
B{IE - Banco Centroamericane de Integracion Economica
Note: * Including prace period

¢) Average seale of investment in developing countries

According to the “World Development Report 19947, an average scale of investment for
coonomic infrastruciure in developing countries was reported as approximately 4% of GDP,
which amounted to US$200,000 million or one-fifth of the entire investiment for all sectors.
In middte-income countrics whose GDP per capita is between US$675 and US$8,356, an
average investment for the water and sanitation sector was recorded as around 7% of the

infrastructure investment,

GDP per capita of Guatemala in 1994 was estimated at around Q74.6 billion, as shown in
Table 3-2. Assuming that GDP grows at a rate of 4.0% per annum which was the growth
rate in 1994, it can be estimated at approximately Q77.6 billion in 1995 at 1994 constant
prices. Accordingly, the national capital investment for cconomic infrastructure was
cstimated as Q3. 10 billion per annum. Then, the investment for water related sectors can be
estimated at Q220 million in 1995, - Morcover, if the investment for sewage sector is
assumed as one-third of the national investment for water scctor, it would be Q72 million.

d) Limitations of Foreign Assistance

Arrears of both interest and principal repayments accumulated to US$283 million in 1994,
Then, the debt-service ralio was 10.9% in 1994, as shown in Table 3-6. It has dropped
down to the tevel of the carly 80°s and safely below the critical level of 20%. Then, there
would be litile problem for the country to get foreign aid from the financial poini of vicw.



At the same time, forcign assistance of grant is acceptable for capital investment of projects.
However, since GDP per capita of the country exceeded US$1,000 already, foreign
countrics, particularly Japan, might hesitate to proposc grant assistance to Guatemala.

e) Trend of National Investment in Sewage Sector

Since investment for the sewage sector is not segregated in the government’s financial
statements, it is impossible to identify a trend in total investment for the sector. in the central
and municipal governments, the sector is included in the cnvironmental sanitation sector.
Gathering all information related to the sewage sector from the aforesaid sections, total
investment amounts are tabulated in Table 5-19: .

Table 5-1% Investment in Sewage Sector
(Unit: Million Quetzals)

Entity Seclor 1990 1991 1992 1993 1994 1995
Central Environmenta] Sanitalion 15.1 222 2.9 47.0 1353 225.1
Guatemala City  Environmenial Sanitation - 4.1 0.1 0.3 0.5 - -

EMPAGUA Sewage Sector 1.8 57 4.8 8.6 4.2 84
Total - 21.0 280 380 561 1395 2335

Note: Figures for Guatemala City were acluaily disbursed but others were budget.

The total amount of Q234 million in 1995 is not small as compared with the international
average of Q220 million, calculated in the previous subsection c). The problem is whether
or not this investment could be carried on in the future. Moreaver, if the investment for the
sewage sector was only 08.4 million by EMPAGUA in the country, it would be too small o
niaintain favorable environmental conditions in the metropolitan area.

f) Consideration of Cost Recovery

From the point of view of financial management, it is difficult in gencral to keep a sound
balance with respect to sewage treatment services. Service charges are gencrally too low as
compared with both capital costs and O/M costs. In fact, there would be few piojects which
keep a steady financial balance. Even in Japan, most sewerage schemes are managed on the
basic principle of recovering O/M costs only. Initial invesiment costs are mostly subsidized
by the central government. This is called “O/M cost recovery” policy.

Yet, cven sewage treatment projects should aim at recovering the entire capital and O/M
costs, a so called “full recovery” policy. For this reason, the following difficultics arc
generally noted. (i) Every schemie has its cconomic life, after which, the scheme has to be
rebuilt or undergo major rchabilitation. At that time, the managing body faces the same
difficultics as the inilial financial problem. (i) It is difficult for dc'vcl()ping countrics in
particular to find financial sources therefore, recovering the entirc costs makes il casicr for a
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managing body to approach financial sources. [In this section, accordingly, the cciling of
capital jnvestment is discussed from this basic point of view, “full recovery policy”.

g) Revenue from Sewage Treatment Services

In order to manage a new sewage Ireatment business soundly, current revenue accruing from
scwage freatment services has to fully cover not only current cxpenditure but also capital
expenditure. Since a lariff is not cstablished for sewage treatment services at present, the
revenue from this project is estimated on the basis of an estimate of the trcatment cost.

h) O/M Cost of Sewage Treatment.

The O/M costs depend on the treatment system applicd to a project.  According to the IDB
report in 1976, the O/M cost of a plant was estimated at Q0.0047/m’. Assuming that (i)
average water consumplion volume is 250 Iped, (ii) the discharge rate to sewerage is 709% of
water consumption, and (iii) the price index belween 1976 to 1996 is 1,150, the O/M cost
would be reevaluated at Q0.054/m” in 1995.

i) Capital Costs

Capital costs were estimated as the total of both the repayment and the intercst on the loan
during the repayment period. Annual capital costs were assumed to be an average of the total
for the duration of repayment period.

J) Limit of Capital Investment

The limit of capital investment was cstimatcd on the basis of the amount of annual capital
expenditure.  The available capital expenditure was derived from the difference between the
total revenue and O/M costs. Using the limit of capital investment and available capital
cxpenditure, the limit of capital investment was cstimated using various assumptions.

k) Trend of Capital Investment

As discussed in the previous subsection ), the central government will disburse more than
Q200 million on the environmental sanitation scctor in 1995, This is the largest allocation by
the central government to date. Before 1993, howévcr, the allocation was too small as
compared with the international standard. Thus, central government should continue the
present policy for cnvironmental issucs. Othenwise, it will be difficult to catch up with the
internalional standard level.



Yet, the financial allocation for sewage sector is still small as discussed in the previous
subsection €} and EMPAGUA has disbursed less than Q10 million annually. When the
project to be proposed in this study is implemented, EMPAGUA would disburse more than
ten times the amount in the present budget. This might bring about new difficultics in

financial management.
1) Sources for Capital Investment

The limit of capital investment, which corresponds to capital expenditure, depends on the
terms of the sources of finance, If a loan source having a lower interest ratc and a longer
repayment period is assumed, alarger loan could be expected for capital investment, Thus,
the investor should choosc the niost advantageous source of loans, _
Table 5-17 shows avaitable foreign sources of loans. In the past experience of EMPAGUA,
the financial sources for loans for the water sector were: World Bank, IDB, OECF, BCIE
(Banco Centroamericano de Iatcgracion Economica) and BFCE (Banque Francaise du
Commerce Exterieur) as shown in Table 5-18, and JICA in the case of grants.

m) Capability of Management

Management capability might dcpend on the ability of the managing organization and the .
acquirement of management experience. Supposing that the capacity grows at a rate of 4%
per annum, the same average growth rate as the GDP of the country, the rcvenue of
EMPAGUA would reach more than Q255 million in the year 2010. [t is almost 2.3 times the
present revenuce., '

5.2.5 Results of Public Attitude Survey

The public attitude survey was conducted to find out residents’” financial situation, health
conditions, willingness to pay, satisfaction with EMPAGUA’s service, environmental
conceins, view on the need for sewerage and sanilation facilities, cte. Table 5-20 displays
the summary of the results which are detailed in the Supporting Repoit D.

a) Inceme level
‘The income levels are classified as Q5001 or more for high income, Q2001 through Q5000

for middle income and Q2000 or less for low income. Thé average family income of those
surveyed can be assumed lo be about Q3000.
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Table 5-20 Selected Results of Public Attitude Survey (1/2)

Low Income | Middle Income} High Income

Number of Samples

100 59 42

1. Housing Bata o
b. Type of house

......... b.4 Medium high

0.5 High grade
Proprietorship

"¢l Own Housing__

¢.2 Renled Housing

z. Age of Household Head

Business Owner

_ Self Employed

. Eniploves of a re}gLstered company

. Public Official

n.-amc..og-gu

. Other

et of Unregis.tsi@g._s.nzél;._guéiﬁééﬁéﬁlﬁﬁﬁfﬂﬁIIIﬂ] .

Domestic EMBIOYSE __...o.cvcnre

4. Number of }lousehold Members

Q.. 2001 through 2500

2 lhmugh SO0 v e 3
Q.. 501 throught000
'Q. 1001 through 1500
Q. 1301 throwgh 2000

Q. 2501 theough 3000

Q. 3001 through 3500

h.. Q. 3501 through 4000

.. Q. 5001 ormore__

Q 4501 lhrou gh 5000

Average income {Q/month) _

7000

6. Sanifary System

_a. Disposal of Excrement

2 4.“ Lavatory

a3 Simple toilet |

. Disposal of served waler

bl Cesspit

b.2 Sepllc Tank and Absorption Wells

. Municipal Service by Public Spont of Basin

. Private Waler System Seivice

. Spiing Waler or fountain

. Wells, exclusive of the hous¢

Truck or Waler Tank_

. Rain Waler

. Bollled Water

Source : Study Team



Table 5-20 Selected Resuits of Public Aititlude Survey (2/2)
Low Middle Hish Total

8. Monthly Water Consumption
a Ahrough 10 m3
b. . wough 20m3

e, 20 heough 30m3

_.d. 31 through 40 m3
£,

f
&
h

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

-4l theoygh 50 m3
f....51 through 70 m3

.71 through S0 m3
............ 91 thiough 120 m3
I. ¥21 through 150 m3

§.. 331 m3 or more

11 through 20
. 21 through 30
. 31 through 40
41 through 350
Shiheough 60 e
61 through 70
oAb theough B0 e
. 81 thfough 90
.9} through 100

101 or more

ol e s e |
cioioiovibibibioiok

Average Charge (Q) .39 32
11, Why Wastewater Treatment Is Needed S I
2. To Mid badodors . ; 256

B X
79
323

228

i Other 29
j. There am no reason of :mporlance : :

12. Willingness to Pay (Q/month/household) 9.3 15.3 19.1 13.3

14, Service Level of Potable Water Supply |

...tz:f!‘.....l.‘...Dalh qerwcc‘ﬁ‘lft houss 1% 1

5. Each o days s serviee Ldhows AT | I 2

"7 Fachiwodaysservice 924 bows 1 b | - 1

bsmch theee days service L:4 hovrs........d M 1

¢l Rehabl».............;........._....._.__.._‘...._...._fZZIﬁﬁlffﬁfﬁﬁﬁlfﬁﬁﬁﬁf"" 60 36 2 .16

c2 Not Reliable 40 23 2. &
Source : Study Team '




b) Sanitary level

For all income levels, installation of a lavatory and its connection to the public sewers is
almost standard, with a 97% lavatoty usc rate and 93% connection fo public sewers
connection rate.

¢) Water Sources

Although the domiciliary municipal service is the most popular water source among all the
income levels, there slill exisls small numbers of houscholds, especially in the low income
level, which rely on other water sources, The overall coverage rate of the municipal water
supply system is 93%.

d) Monthly waler consumption

77% of the overall number who replied to this question consume less than 31m® per month,
The average consumption volume can be assumed to be about 23m” for low income, 25m’
for middle income and 43m® for high income households with 27m’ to be the overall
average.

e) Monthly water charge

73% of those who replied to this question pay less than Q51 per month which includes not
only the charge of municipal water but also other sources such as bottled waler. The average
water charge can be assumed {o be about Q39 for low income, Q32 for middle income, Q64
for high income households and Q42 for overall. Once of the reasons why the low income
. class pays more than the middle class could be that some low income households are still
dependent on more costly water soutces such as a private water system or water truck, It can
be gencralty said that the low income class are paying for water with more than 2% of the
income, while the middle and high income are paying less than 1% for water.

f) Consciousness to the need for waste waler {reatment
Only 3% think that wastc water trcatment is unimporiant. Among the major reasons why
they think it necessary are (i) to avoid damage to inhabitants who reccive city drainage; (i)

to avoid the proliferation of mosquitoes; (iii) to maintain potable water sources; (iv} to avoid
bad odors; and (v) to protect the ecosystems of animals and plants.

5-33



g) Willingness to Pay

The average monthly prices which the low, middle, and high income houschold is willing to
pay are calculated as Q9.3, Q15.3 and Q19.1 respectively. The overall average turns out to
be Q13.3.

h) EMPAGUA’s services
77% of overall samples replicd that the service level is good or normal, although 0n1y 19%
receive a continuous service. 58% regard the water quality as reliable.

i) Disease record
Amebic disease and enteroviruses have a relatively high incidence ratc among the 'diseascs
listed in the survey.

5.3 EMPAGUA ADMINISTRATIVE SYSTEM
5.3.1 Organization
a) Structure

EMPAGUA’s organization chart as of February 1996 is presented in Fig. 5-2, whercin the
dependency of EMPAGUA on Guatemala Municipality is notable. The Municipality’s
Council and Managing Board has jurisdiction over the General Manager’s Office.  The
former consists of the Mayor of Guatemala, syndics and counselors. The latter consists of
the Mayor of Guatemala, counselors, delegates from the Ministry of Finauce and INFOM,
and EMPAGUAs directors. These two units play an important role in deciding key issucs
such as change of tariff.

Another distinctive characteristic is that only a few units are clearly engaged in some stage of
wastewater management (i.e. Scwerage Construction & Supcrvision Section, Sewerage
Mainfcnance Section, and IDB-540 Program Seclion). At preseat, there is no clear
organizalional recognition in most of the units, as to how much time the employees arc
devoting to water supply and how much to wastewater management. The classification of
cach unit is described in H2 of Supporting Report H.
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b) Staffing

Table 5-21 shows the deployment of employecs as of February 1996. The classification of
cach position is described in H2 of Supporting Report H. EMPAGUA has 1,798 employees
of whom 13 are considered to be in senior management positions, 17 are skilled specialists,
302 hold administrative posts, 518 arc working in technical area and 948 are unskilled
workers. This distribution is illustrated in Fig. 5-3.

The upper chart of Fig. 5-4 illustrates how the employces of EMPAGUA are classified by
age and expericnce.  This composition by age bracket is compared with the labor foree in
Guatemalan Metropolitan area as shown in the lower chart of Fig. 5-4. Tt can be said that
EMPAGUA’s employccs arc older than the Guatemala Metropolitan average. Further data of
EMPAGUA’s employecs arc analyzed in H3 of Supporting Report H.

¢} Privatization

The privatization of EMPAGUA has been spotlighted from time to time, ‘The general
opinion al the beginning of 1996 is that it is still premature to go for a full scale privatization
including public offering of shares, sale of shares to a private buyer, ete. The preconditions
for privatization arc yet to be satisfied due to the following circumstances:

* Theic is no water law established;

* The present water supply operation is net profitable enough primarily because the tariff is
rclatively low and difficult to mise;

* To a certain extent, a monopolistic character has to be guaranteed to the water supply
Operation, which has not yet been achieved;

* Politically and financially, EMPAGUA is dcpendeht on the Municipality of Guatemala.
This will be an obstacle to possible expansion of the service arca to outside the city,
alteration of the organization, or Hquidation and redeployment of assets.

Notwithstanding the above mentioned difficulties, another modality of privatization or out-
sourcing has actually come into cffect at EMPAGUA. Meter reading and dcelivery of bills
among others arc most notable arcas. The former task has been partially contracted out to a
private company since 1987 and the latter has been contracted out since 1980. Both tasks are
now only supcrvised by EMPAGUA and this ocontracling-oul has brought EMPAGUA
considerable savings in terms of costs and human resources. In order to take advantage of
the merit of contracting-out, it is reccommended that all units of EMPAGUA be diagnosed in
the light of cfficiency to find out if they are suitable for out-sourcing.
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Fig. 5_'3
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5.3.2 Personnel Management
a) Salarvy

The monthly salary of EMPAGUA’s employees ranges from 835 to 7,080 quetzals as of
1996. The detailed salary structure and additional salarics are described in H4 of Supporting
Report H.  The actual salary structure including additional salarics almost follows the
standard of Guatemala Municipalily. ‘The raisc of salary base is not necessarily approved
every year but when it is made, the incrementat amount is same to all employees. For
example, at the beginning of 1996, the base was evenly raised by Q260.

b) Recruitment and Promotion

In general, EMPAGUA has been limiting the increase of employecs, thus, there has not been
many chances of recruitment in recent years. Some 15 new positions are annually nceded to
be filled. In most cases, the positions are filled by internal promotion or transfer and only
when there is no appropriate candidate found in EMPAGUA, new cmployees are recruited
externally.  In external recruitment, INTECAP plays an important role, preparing the
selection test and evaluating the candidates on behalf of EMPAGUA in order to make a fair
judgnaent.

Promotion for higher job category and progression within the same job category are
gencrally based on performance of cmployec. The cducational background and the job
expericnce also count but the length of service and age are normally irrelevant. There cxists
no rational system for a superior to evalvate the performance of his or her inferior.

¢} Training

The Training Scction was created in 1990 as the result of the human resource development
program financed by the World Bank. Before 1993, EMPAGUA did not have any training
section and the training courses were held sporadically. Its isolated location from the Head
Office is worth notice, which is convenient not only for training courses but also for some
cxccutive mectings and internal examinations to be held.  Accordingly the functions of this
unit also include taking carc of all these activitics.

The training scheduling of EMPAGUA is bascd on annual requircments that cach section
head submits to the Training Scction before starting a fiscal year. However, as described in
HS of Supporting Report H., actual programs have nol been excculed as plahncd and the
scale of annual training varics considerably from ycar to year. |
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$.3.3 Information System

There are considerable number of reports and information producecd at EMPAGUA, as
shown in H6 of Supporting Report H.  Those information already contain sufficicnt data
which reflect the status of EMPAGUA’s operation. However, most of information are
teported only up to the division head and their contents appear to be too raw for other scnior
management to- digest easily. A little information is distributed to all senior management.
The function of the [nformation Section seems still limited and no information center exists
where information processing and distribution are centralized. To solve the situation,
EMPAGUA has a plan to strengthen the information system and install computer terminals at
necessary places including management’s desks.

5.3.4 Budgeting

The budget is prepared once a year. Finance Division is responsible and its Bud'gcting
Section is mostly involved in the budget preparation. The budgeting process is as follows:

{Hﬂ Preparation of Proposal I
[ Pmparati:n of deafl I
[
l

Approval by Board |
}

Appraval by City Council I

I Implementation ‘1

(i) Preparation of budgct proposal in cach division - In July, Finance Division distributes
circulars and forms to other division heads requesting them to submit their budget
proposal for the forthcoming year.

(i) Preparation of draft budget - Upon receipt of the forms around Scptember, Finance
Division sums up the figures from each division, based on which, screening and
ncgotiation are made by the division head concerned. As the result, the draft budget is
prepared in Scptember.

(iii) Approval by Board of Dircclors - Board of Dircclors evaluates the draft budget and
may reduce or increase any of the budgeted items. The approval is given in November.

(iv) Final Approval by Cily Council - The approval by the City Council is usually given
before the end of November. '



{v) implcmtnlalion of budget - The new year budget is implemented in Janmiary. After
implementation, if any of the budget founds insufficicnt, transfers from other superfluous
budgets is attempted. Supplementary budget may be also prepared during the year.

At present, the budgeting system is not always related to the past performance. Each division
head submits the budget of next year whose amount tend to be inflated. This is most
distinctive in the capital investment budgeting. According to BMPAGUA’s data, the
exccution rates of capital investment bu'dget from 1991 to 1994 are considerably low, -
ranging between 30% and 50% approximately. This low exccution rate implics that there
exists improper distribution of financial resources.

5.3.5 Commercial Procedures
a) Tariff Structure

EMPAGUA carries out regulation of public water services for consumers within the scrvice
area of EMPAGUA. The relevant regulation was revised in August 1992 and again in
Scptember 1994. However, the proposed tariff in 1994 was not completely approved by the
. authority. According to the present tariff structure of }IMPAGUA, typical users of the
services are monthly charged as shown in Table 5-22.

Table 5-22 Present ‘I‘ariff'Structure .
{Unit: Quetzals/Household)

Water Consumption Volume (m*/nionth) Waler Charge Sewage Charge Tofal Charge
10 2.00 0.00 2.00
20 4.00 ' 0.90 4.80
30 18.060 3.60 21.60
40 24.60 4.80 28.80
50 60.60 10.00 70.00
60 ‘ 70.00 12.00 52.00

Source ; EMPAGUA

Tariff analysis is further made in H7 of supporting Report H,
b) Billing and Collection System

Fig. 5-5 highlights the biliing and collcction system cmploycd at EMPAGUA, which mainly
consists of (i) connection, (ii) meter installélion, (iii) meter reading, (iv) billing, (v) handling
of customer complaints, (vi) collection, and -(vii) control of arrcars, Each step and relevant
tasks arc further described in H8 of Supporting Report H. '
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5.3.6 Community Participation

Since 1986, the Guatemala Municipality has been encouraging the community participation
in provision of infrastructures such as water supply, drainage, paving of sidewalk and sirect
inlet. There are two major types of participation program. The first one, “Foods for Work”
is usually applicd to settlements in cxtreme poverty. Its process flow can be characterized as
follows:

Foods for Work

[ Preparalion I
!

[— Guidance I
|

[ Agreement ]
!

I Project Implementation |

[ Operation & Maintenance |

While the scoond one, “Assistance to Citizen” is generally practiced in higher income areas
where minimum life-line infrastructurcs have been already provided. Its process flow is
characterized as follows:

Assistance to Citizen

§ Application !
!

[ Evaluation I
!

I Agreement I

I Project Implementation ]

| Operation & Mainfenance |

Both programs have common objectives which include (i) to provide residents with basic
infrastructure; (i} to save public expenditure for capital investments; (ifi) lo cnhance
community awareness regarding the importance of basic infrastructure; and {iv) to encourage
the residents in creating a scif-support and team working spirit.

The clearest distinction between the two programs lics in the initiative of residents. In
principle, “Foods for work™ programs arc planncd by the Municipality, whilc “Assistance to
Citizen” are originated on residents’ own initiative.  Accordingly, the two programs differ
also in residents’ receipt of remuncration in exchange for their participation in preject.
Under the “Food for Work”, residents receive an allowance in kind, which is not the casc
with “Assistance to Citizen.”
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6 EXISTING WASTEWATER MANAGEMENT

6.1 EXISTING SEWERS

In the Guatemala Metropolitan Area, since construction began about 55 years ago, the
sewerage system has been introduced gradually and extended on  various  subsequent
occasions. It may be assumed that at present about 82% of Guatemala City is covered either
by public or private sewerage. Duc mainly to the topography of the City area, the sewerage
system is divided by the Continental Divide into two sewerage districts, i.e. North and
South districts. '

Most of the northern portion of the City is provided with a combined system with
stormwater outfalls upstream of the final disposal points at public watercourses (Fig. 6-1).
During rainfall, excess stormwater mixed with wastewater spills. over into public
 watercourses. Most of the wastewater generated in the northern part of the City is collected
in branch sewers and laterals and flows down to the rivers. In the 1980's, two combined
trunk sewers were constructed in the east (‘Gran Colector del Oriente’ ) and west (“Gran
Colector del Poniente”) of the City to convey wastewater coming mainly from the arcas near
the internationat airport. These two trunks join together and the wastewater is finally
cmiptied to the Las Vacas River, causing serious river water contamination. The Las Vacas
River later joins the Montagua River. | '

The government has a plan that wastewater from the City should be diverted as much as
possible towards the Atlaitic Ocean so as to prevent further contamination of rivers and of
Lake Amatitlan which is already at a deplorably high level.

The arcas south of the Continental Divide arc less sewered than those in northern areas,
Most wastewater is treated cither by individuals or communilies or, in some cases directly
disposed of to nearby watcrways or into the ground. It is observed that many of these
treatment and disposat facililics are not functioning as intended, thus contaminating the
recciving waters. The recent 1apid rise in population concentration in the southern arcas
increased water consumption which in turn increased wastewater generation, hence, much
1aw wastcwaler is entering drains and rivers and finally flows into Lake Amatitlan,

The public sewcrage 'systcm is not provided with trcatment works, except for small
individual treatment plants for communitics. Thus, most of the collected raw wastewater is
direclly disposed of to the nearby public watercourses causing serious water contamination
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and odor problcms in ncarby areas at many locations of the Cily. The sewer facilities are in
general designed and constructed according to the "Design Guidelines” of EMPAGUA.

Certain maps and drawings are available showing trunk sewer layout plans, the lacation of
outfalls and individual small scale treatment works, and sewer structures: hoWever, such
detailed data as hydraulic computation shects, cxisting pipe lengths, areas covercd by
sewerage, sewer profiles, etc. could not to be collected. Collection of this data and
information was still underway at the cnd of the reporting period.

6.2 FUNCTIONING OF EXISTING SMALL-SCALE SEWAGE
TREATMENT PLANTS
~

6.2.1 Iniroduction

In the Study Area, there are about ten (10) small-scalc sewage treatment plants and many
septic tanks trealing domestic wastewater from colonies (settlements).

Even though they are small- scale, the role of these plants is important considering the fact
that the sewerage system, which covers more than half of the central part of the metropolitan
area, is without a single treatment plant. '

However, these small-scale plants are owned by many different institutions including private

companies and their functioning / operational conditions werc unknown.

Therefore, in this Study these sewage treatment plants were surveyed, data was collected and
the possibility of rehabilitation for further use was studied. Based on the data obtained, this
repart was prepared as the basis for planning future rehabilitation and to consider the further
role of these facilities in the Wastewater Ménagement M/P.

The survey was divided into two as follows;
- Facility survey
- Water and sludge quality survey

The facility survey was conducted on all significant, known facitities, (to the cxtent that was
possible), and the water and sludge quality survey was conducted on the plant which was

considered to be working as ncar nommal as possible.

Fig. 6-2 shows the Facilily Survey flow chan,
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‘The following ar¢ the main items surveyed; full details of the survey arc described in

Supporting Report G.

a) Condition Survey

- schematic of treatment flow

- structural conditions of cach facility (cracks, detcrioration ctc.)

- visual survey of facility (structural intaciness, matenials vsed ctc.)
b} Hearing

- siudge removal drying intervals / methods

- sludge disposal '

- problems in O/M
¢) Data Collection

- drawings (dcsign drawings)

- decsign reposts

- design calculations

Results of the preliminary  ficld survey are as shown in Table 6-1 and the location of plants |

surveyed arc  shown in Fig. 6-3. A total number of twenly threc {23) facilitics weic '

identified by EMPAGUA for survey which included small-scale sewage treatment plants and

septic tanks etc.

The results from the preliminary field survey were inevitably ‘rough’, due to the reasons

shown below,.

1)

2.

3)

4)

Many different public institutions {(excluding EMPAGUA) and private companics arc
involved. Further, BANVI which constructed most of the plants is closing down and
it was not possible to conlact the cengincers responsible for the design or O/M.
Management of records was very poor and a complete record of design drawings and
design reports could not be found for a single treatment plant.

Most of the facilitics were constructed up to about 10 ycars ago and those who
designed the facilitics could not be contacted.

In Guatemala, designers hold the copyright to design reports, design drawings ¢tc. and
they, rather than the owners of the facilitics, keep those decuments. Since the facilitics

. were constructed years before, the documents could not be located.

OM of the facilitics was sub-slandard and, except for 2 or 3 plants, O/M was nol
conducted at all. Since thase responsible were sometimes not available, a hearing
could not be conducted for all plants.
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Based on the results of the preliminary survey, excluding thosc facilitics which were
considercd not worthwhile for a further survey, a field survey and evaluation was
conducted. The total number of facilitics surveyed was fourtecn (14).

Under the circumstances described above, the field survey was conducted and the resulis are
reported in Scction 6.2.4,

6.2.2 Water Quality Survey of Performance of Existing Treatment Plant

Villa lobos  treatment pl.ant was selected for the water quality survey. This is one of the
largest trealment planis and in a “relatively good” working condition. Fig. 6-4 shows the
schematic flow diagram which consists of primary sedimentation, trickling filters (I, I1 &
1), and final clarifier. Sludge from the primary sedimentation tank and final clarifier are
digested in an open digester and dricd on drying beds (prescntly not functioning).

Water samples of influent, primary sedimentation tank effluent and final clarifier effluent
were collected. Sampling was carried out between 7:30 and 16:00 and thres samples were
collccted at cach location. Influent flow rates were measured. Two sludge samples, onc cach
from the primary sedimentation tank and the final clarifier, were collected for analysis.

Table 6-2 shows the result of the water and sludge quality analysis. Table 6-3 shows the
average concentrations of BOD,, COD, SS, T-N and T-P.

Based on daytime concentrations, overall removal rates were 79.4%, 77.4% and 88.4% for
BOD,, COD and SS, respectively.  Given the minimal maintenance and the state of the
trickling filters, the higher removal rates are enoouraging. I proper maintepance were
provided, further improvement in removal rates could be expected. Removal rales were
Relatively high partly because of the high raw sewage concentration.

Volatile Solids in the primary scdimentation tank sludge and final clarifier were 66.6% and
70.2% respectively.
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Table 6-2 Results of the Water Quality Survey on Existing
Smali-Scale Sewage Treatment Plant (Viltalobos I)

Raw Sewage Primary Effluent Final Effluent Sludge
Parameler Pamary | Seoondary
11.05.-95
11-05-85 | 25-05-85
800 | 1230 { 1500 | 800 | 1230 | 1500 | g0 | 1230 | 1500
Flowrete, 3As £33 | 207 97 _ _ . - = - - -
R e N I A A
Sample A il M

pll kAl 77 74 73 71 72 75 16 74 - -
];6[.);, mafl 5713 ag? 658 207 2B 33 122 106 119 13,810 12,859
COD, mp/l. o 837 443 756 208 287 282 14 158 137 19,808 19,889
S8, myL___ B 484 176 230 1] 140 156 52 &0 i 23,760 2,650
T-M, mp/L #3 | 83 | m0 | e | w8 | 457 ha | 60 | &9 1,609 1,875
Fecal Coliform, MPR/100 ml, L0E4 G4 J2BE+05] 02E+06 [ O1E+63 | 15E+06 [x24E407] 01E408 | 02408 { 028408 _ _
T-P (Totzl Phosphorous), mg/l. 2.0 2.2 925 65 83 80 48 59 63 102 773
Chlodide (C1) 2s | sos | ss0 ) asu | s | a0 [ ae | 2s | mo | .
Cadminm {Cd), mp/kg o 45 71
Potassiom (K), mp/ke ) 587.0 69440
Lead (Pb), mg/kg 14 K]
Zin¢ (Zn), mgfkg - 735 736
Hexavalent chiromivm Q )
(Cr6+), mp/kg
Arsenic {As) o £3 38
Total mercory (Hg), mg/kg 11 13
Coppet (Cu), mg/kg B 58.4 21 )
[ron (Fe), mp/ke 138 85.7

- {Total manganese (Mn), mg/kp o LN 431
Nickel (NI, mg/ke 1T 24 20 |
Apparent Specific Gravity 1.006 won |
?Z]ZEE gﬁis. kg dry basis“‘ B 0.566 0.702
Waicr Conlent, % £5.7 9.3
Totat Solids, mp/L 22,550 2,00
Dissolved Solids, mpA. 8880 6421

Source: Study Feam




Table 6 - 3 Average Day-Time Concentrations and Removal Rales

Primary Final - Removal Rate, %
Parameter Influent ~ Effluent Efftuent Primary Secondary  Overall
mg/L mg/l. mg/l. Treatment Trcatment
" BOD; 547 219 113 © 60.0 48.4
1 E— 185 152 R
P g g % g e

Source : Study Team

6.2.3 Results of the Survey of Facilities

a)

Operation and Maintenance

Qut of the fourtcen (14) facilitics surveyed only cight have at lcast the personnel for

OM. However, nonc of the facilities could be said to have adequate operation and

maintenance, The following arc the main reasons for inadequate O/M:

No responsible organization exists to supervise or to conduct O/M,

No facilities were available for obtaining data on water qualily and quantity,

The operators do not have sufficient knowledge of the scwage treatment process
or of scwage treatment plant operation,

No equipment or accessories necessary for O/M were available,

No countermeasurcs were taken if pipes blocked, became corroded, cic,
Generally, no budget was available for replacement or repair, bul even when
available it was inadequate, |

Access to the treatment facililics was extremely poor, cspecially to sludge drying
beds. For many facilities, (including the sludge drying bed), access for vehicles,
and hence the disposal of sludge, is impossible.

b) Structural Conditions

1)

Civil Structurcs

Two types of matcrials were conimonly used, reinforced concrete and concrete blocks.

Reinforced concretc was mainly used for channels, circular tanks and small tanks,
while the concrete block construction was used mainly for trickling filters and sludge

drying beds.
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Outside surfaces of reinforced concrete walls were generally in a satisfactory
condition, except for minor cracks, and there were no major structural problems.

Concrete block is generally used in the construction of houses in Guatcmala and is of
tower cost than reinforced concrete. It scems that concrele blocks have been used for
facilities which are not subject to water pressure such as trickling filters. However,
durabitity of the blocks is inferior to reinforced concrete and there were some facilities
which showed deterioration of the surface appearance, '

Most facilities are located on slopes and there were no slope protection measures,
thercfore at some facilitics, crosion has caused damage.

Even though, Gualemala is in an earthquake-prone area, it seems that no consideration
of this was made when designing sewage treatment facilities.

2) Pipes

Many of the pipes which connect facilities were blocked and some of them are difficult
1o clean. In those plants using the trickling filter methad, all facilitics cmploy the fixed
method of scwage distribution using perforated pipes. In those pipes, blockages,
dislocation of joints, corrosion cfc. were significant problems.

The main reason for the above was the lack of maintenance, however inappropriate
pipe size and materials may also have contributed to the problem, There are a fow
plants where by eplacing the pipes, proper functioning could be recovered.

3) Others

- Access 10ads
Access to the treatment plants as well as 1o individual facilitics was incomplete at
many plants and especially access by vehicles was not possible in many cases.
This was the main reason for sludge disposal not being carried out.

- Fencing L _
Almost all facilitics were not fenced and may be subject to trespassing.

- Storm Drainage within the Plants _ _
Storm drainage within the plants was inadequatc and in  particular the
uncontrolled storm water drainage had resulted in slope crosion/failurcs.
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¢) Responsible Institations

- Construction of the planls was carricd out by BANVI and private
companics,

- Since, BANVI is closing-down, DAVIS has taken-over somc of the
plants.

- - Apart from these, non-govcmlnental organizations (NGO}, UNICEF ctc.
arc planning new treatment plants, rehabilitation ctc. and are conducting
actual operalion.

- many institutions are involved in the O/M and the actual situation is not

very clear.
d) TPossibility of Further Use If Rehabilitated

Out of the fourteen {(14) plants surveyed, if rehabilitation is done, it is considered that nine
(9) treatment plants can be used further. They are as follows:

- San Cristobal
- Villalobos |
- Villalobos H .
- El Mexquital
- Nimajuyu
- USAC
- Canada dc San Angel
- Bello Horizonte
-. ElRoble

However, the cxtent of rchabilitation recommended is different for each of the treatment
plants, In cach case the treatment capacity and the area served was eslimated from the
dimensions of the existing facilities, Even if the plants are rehabilitated, the possibility of
overloading exists.

The remaining five (5) plants are considered not to juslify rchabilitation. This does not mean
abandoning those plants. The reasons why rchabilitation has not been recommended as part
of this study are as follows:

Alameda Norte - This plant was initially designed to treat water drained
from the adjacent solid wasle treatment plant and its
capacily is very small. It is not working at present.
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Furthcrmore, an organization named ARMSA is
supposed (o be planning to upgrade this plant.

Molino de Las Flores and - These arc both small septic tank facitities and it is

El Cammien difficult to appraise the benefits of rehabilitation.

Lomas de Portugal - This is also a scptic tank and it has not yet been
connected 1o the influent sewer. The effluent pipe is also
damaged. Therefore, before rehabilitating the facility, it
is necessary to confirm the sewer conneclions.

Eureka - 'This is managed by a private company and is under

rchabilitation.,

6.2.4 Conclusions and Recommendations

Based on the survey and analysis the following conclusions and recommendations are

reached:

1)  Possible Further Use If Rehabilitated
Out of those facilities surveyed nine (9) facilities can be used further if
rchabilitated.

2)  Rchabilitation Cost
The total cstimated rehabilitation cost for the ninc plants is Q 6.6 million at 1995

prices.
3)  Necessary Conditions for Rehabilitation

The following arc the necessary preconditions, in terms of technical and O/M -

aspects, for implementing a rehabilitation program.
Technical Aspecls

Preparation of drawings and estimation of the cepacity of facilities is
Recessary.

Final selection of facilitics for rehabilitation should be carried out,

A rehabilitation plan should be prepared.

Operation and Maintcnance Aspects

The existing O/M structure and responsibilitics should be clarified.

An institutional structure should be established to be responsible for O/M
of the facilitics after rchabilitation (cg take-over by EMPAGUA or by
another single institution i. c. ANAM ).

The OM technology (treatment, waler quality, structural aspects ete.)
should be cstablished.

A scwerage charge collection system should be established.

Table 6-4 shows the delails of the plants considered to be of further use if rehabilitated. For
details on rchabilitation cost refer Data Book DA, Volume 1X.
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6.3 EXISTING SANITATION CONDITIONS

The Recent data about the population having access to a toilet in the Study Arca was not
available, however a survey was conducted by the National Institute of Statistics (INE) in
1992-1993 to cstimate coverage of basic services in various municipalities of Guatemala,
The resulls of the survey in Guatemala City, Chinautla, San Pedro Ayampac, Villa Canales,
Villa Nueva, Mixco, Santa Catarina Pinula and San Miguel Petapa arc described in Table
6 -5.

Table 6 -5 Population Having Access te Toilet Facility

Municipality | Total Population Population % of Population
without Toilet without Toilet
Guatemala 925,618 - 60,535 6.54
Chinautla 64,420 - 14,056 21.82
San Pedro Ayamnpuc 22,653 4,161 18.37
Villa Canales ' 64,044 7,800 12.18
Villa Nucva 185,558 7,311 3.94
Mixco 312,772 9,133 2.92
Santa Catarina Pinula 35,856 656 1.83
San Miguel Pelapa 37,272 548 - 1.47

Source : Republica de Guaternala INE
X Censo Nacional de Poblacion Y V de Habitacion, Coberlura de scrvicios
Por Municipio, Julio 1993 (1992-1993)

Resulis show that about 6.3 % of population do not have access to toilet. The area surveyed
probably also includes arca outside the Study Area, however the data above gives a rough
estimate of the population without a toilet.

Furthermore, to study the basic living conditions in Guatemala City, a survey
"Caracicrizacion De Las Arcas Precarias En La Ciudad De Guatemala®, was conducted by
UNICEF in 1991. About 232 sclilements/colonics with a total population of 801,600 were
studicd. This survey classificd the settlements into four categorics based on the type of land,
accessibility, community facilitics such as water, drainage, clectricity, health center, school,
culture center cte. Thesc categories arc described below.

a) High risk sctilements : These arc the most disadvantaged scitlements and lack
public services and community facilities. A population of 178,100 was found to
be tiving in these high risk sclttements.
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b)  Medium risk selllements : These offer highet living conditions than the previous
category and arc cquipped with certain community facilities. _
¢} Low risk scttlements : These have most community facilities and offer better
living conditions. '
d)  No risk settlements : These settlements offer the best living conditions.

Most of the above mentioned settlements lack drainage facilitics and wastewater is not being
properly collected or trealed. This situation has led to an environmental nuisance
surrounding these setilements and, can lead to the outbreak of waterborne diseases.

6.3.1 Existing Sanitation Facllities

In the Study Area, the existing sanitation facilitics have been developed by private and public
developers. They can be grouped into two broad categories; Communily sanitation facilitics
and Individual sanitation facilities and have been constructed to treat both gray water and
black water. Septic Tanks are used as the main treatment method with effluent discharged to
soil absorption wells. Fig. 6 -5 shows a schematic diagram of such a facility.

Most of the cxisting individual on-site systems are uncontrolled and the exact number and
location is not known, The list of existing communily septic tanks in Guatemala City and
Mixco is shown in Table 6-6 and their location is shown in Fig. 6-6. However details of
these facilities in other municipalities were not available. Similarly dctails of existing On-site
facilities in the commercial and institutional sector were not available,

Most of the existing septic tank-soil absorption well systems were found {o function
properly, however in some cases clogging of the soil absorption well was reported.  Septic
tanks with only one absorption well suffered from more frequent clogging problem. In some
cases this clogging resulted in the overflowing of partially treated wastewater to water bodies
subsequently causing contamination.

6.3.2 Desludging and Treatment

In Guatemala City, an individual/community is responsible for desludging the septic tank
unit. Privatc companics carry out desludging and the subsequent transportation and disposal
of scptage, utilizing vacuum trucks. At present, septage is being dumped into the collector
without any trcatment. EMPAGUA is not responsible for desludging or treatment of the
septage, however EMPAGUA bas allowed privatc companies to dump  scptage into the
collectors. Hence there is no organized sludge management in Guatemala Cily,
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Note - The numbers shown in this Figure

%@ correspond to those described in Tuble 6 - 6
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Table 66 Details of Community Septic Tanks in Guatemala City and Mixco,

No, Location Municipality | Population Served | Actual Status
1 |VAile El Encino Z. 18 Guatemala City 1560 E
2 [Fraccionamiénio San Agostin Zona 17 Guatemala City 1330 uc
3 |El Pinlic Zonz 17 " Guatemala City 330 uc
4 |Residencial La Sabana Zona 17 o Guatemala City 780 E
5 |ElZapote Zora 2 . T “Guatemala City 78 E
[ 6 [Villas de Minerva Mixeo 30 E
| 7 [Planos de Minerva Mixco 200 g
8 [Minerva Sur Mixco 15D E
9 [Residencizies Ei Vaile Mixco 106 E
10 |1 Condada dz Jo de Fuentes Mixco 300 E
11 |Valle del Sol Mixco 1000 E
| 12 |Lomas del Rodeo Mixco 500 E
13 |El Caslzno Mixco 200 E
14 |Villa Verde L, lland 11 Mixco 675 E
15 |Sijan L | Mixco 100 [
16 [Nicajal T T Mixco 150 E
| 17 [Kajabal Mixco 250 E
18 {Vvilla Benecia T Mixco 50 E
19 |El Rosario B Mixco 100 E
20 |Szn Ignacio Mixco 1000 E
21 |Paraiso } Mixco 250 E
22 [Paraiso ] Mixco 300 B
23 jHoechst Mixco 50 E
24 |Roosevelt Mixco 135 | E
25 |Las Flores Mixeo 100 E
“26 |Residenciales Saa Jgnacio Mixeo 160 i E
27 |Nimajay Mixco w0 | E
28 |San Carlos Mixco 150 E
29 [Hermaro Pedio Mixeo aw I E
30 |Palos Altos Mixoo 150 E
31 {Mayocrca Zoae 7 Mixco Mixco - E
32 |Molice de Las Flores Mixco 1500 E
33 |Gema ) Mixco 100 E
|34 |L.omas de Portugal Mixco 750 E
35 [Urbanizacion Doraidina Mixco 200 T E
36 |Santa Monica 1 and 1T Zone 2 Mixco Mixco . E
37 |EL Periodista Baavi Mixco 300 E
| 33 [Villas de Santa Rita Mixco 200 TETT
39 [Santa Rita ] , Mixco e E
40 |Sacta Rita i o Mixco 250 1T
[ 41 |12 Ceiba - Mixco 400 E
42 |Lomas de san Jacinto )], 1 and 1V Mixco 580 E
[ 43 |Berlin Mixco £00 B
44 |Condominin Las Majadilas B Mixco 250 E
45 |Condomino Araucarias Mixco - E |
46 |Condomiao El Algodonal Mixco - L ]
"47 {Coadomiao El Bosque 7. 12 Guatemala Cily 546 B
|48 {Condomino Fi Rosaric 23 Calle 17-37 Zoaa 12 Guatemala City 176 E
| 46 | Colonia Vila Sot Guatemala Cily 2400 E
50 | Villas I'lorenza Zona 12 Guatemala City 1327 B
" 51 |Colonias Aurora] and 11 _ _Guatemala Ciy 2670 E B
52 [Colonia Mosse 7. 12 Guatemala City 2088 E
"33 [Condomino Renast (7a calley 39 av. Z.2 Vazquez | Gualemala Ciiy 384 NI
"534 ILa Terconum Zoaa 14 Guatemala City 2000 E
55 [Coadomiro Chacon Gualemata City - TR
56 |Residencials Exclusivas de Vista Hermota 215 Gualemala City | 204 E ]
57 |Residencials Lafaycite Z. 15 | Guatemala Gty 420 E
58 |Condomino Los Andes ___ “Guatemala Gity - B
59 |Residencials FIVAlle 215 Guatemala City | 210 i [}
60 |Condomine Reambrandt Zona 15 L Guatemala City 46 |H
“61 [Colonia Santa Fusa Zona 12 Guatemala City 480 UR
Note : E : Existing, UC: Under Construction, UR : Under Rebabilation

Source : FMPAGUA, Mixco Muaicipality
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On the other hand, Mixco municipality provides desludging of scptic tank units existing in
the Mixco municipality; this is referred to as Public destudging in this report. The frequency
of deshudging is highly variable ranging from a few months to several years. The average
span of desludging for a typical houschold is about once in two (2) years. Desludged
scptage is being dumped without any treatment,

Public desludging by Mixco municipality and private desludging by private companies are
discussed scparately in the subsequent sections.

a) Private Desludging

Privatc companies provide desludging using vacuum trucks. The Most commonly used

vacuum trucks were of 1.1 m? (300 gal) capacity and 2.2 m3 (600 gal) capacity. A driver
and assistant are usually assigned to each truck.

The area covered by private companies is mainly Guatemala City and customers are high and
iniddle income residents, hotels and restaurants. The majority of septic tanks arc individual
oncs. However details of customers being provided with desludging scrvices werc not
available. The request for desludging could be made by telephone and desludging is usually
done two (2) days after the request. However in the casc of an emergency call, services arc
provided within 8 to 12 hrs. The frequency of desludging was reported to be once every 18
months. Many private companies were asked about their desludging charges and the average

destudging charge was found to be Q 450 fora 1.1 m? truck. Aflcr'dcsludging, scptage is
dumped into the collector without treatment which has been permitted by EMPAGUA.

b) Public Desludging

Mixco municipality carries out desludging of septic tanks located within its municipality.
Most of these arc community scptic tanks. Actually the mumc1pahty docs not provide
desludging itsclf but through private companics.

‘the request for desludging from a community to Mixco municipality is accepted only by
wiitlen application. Hence it is necessary for the communily representative {0 make a direct
visit to the municipality office. The maximum waiting lime until the desludging service is
provided is reported to be about 45 days due to the tedious procedure involved. First an
application has to be approved by a councilor and then public tender is invited and a private
company is sclected for providing desludging scrvices. The municipality docs not charge the

community howcver the (otal cost of desludging and transporting was reported as Q 32/m?
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by Mixco municipality. Scptage is dumped in open arcas without treatment.
¢) Comprehensive Evaluation

Privatc desludging is being carried out for high income individual customers and businesses
whereas public desludging is carricd out for communities. Public desludging is carried out
fiee of charge as a service by the municipélily whereas the desludging charge is as high as Q
410/m? in the case of private desludging. Private desludging provides a prompt service and
the usual waiting time is 2 days (aud in casc of emergency only 8-12 hrs), whereas waiting
time in the case of public desludging is as long as 45 days.

The most impoitant deficiency of the exisling practice of both public and private desludging

and disposal is the absence of a sludge trcabnent plant to ensure an environmentally
acceptable means of sludge disposal.
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7 TFUNDAMENTALS OF PLANNING FRAMEWORK

7.1 TARGET YEAR

To carry out the master planning for the developmént of an economically viable sewerage
and sanitation system, the elements of work necessary are forecast and generally defined in
successive stages to meet the present and future needs of the Study Area up to the year 2015.
The Master Plan should, therefore, be compatible with sound projections of population
increase, development programs, water consumption, income growth, and other national and
local socio-economic factors affecling the future of the Guatemala Metropolitan Area.

7.2 REGIONS/DISTRICTS

As stated in Section 2.4 above, the Study Area is separated into north, south and east
catchments by three major watersheds.  For the purpose of planning the staged
implementation of sewerage and sanitation works, these three catchments are subdivided into
- smaller Regions for further consideration. The eastern catchment is divided into East 1 and
East 2 Regions, the northern catchment into Central, North 1 and North 2 Regions and the
southern catchment into South 1, South 2 and South 3 as shown in Fig 7-1. The boundaries
of these Regions were defined based on topographical considerations and administrative
boundaries. Table 7-1 shows the planned areas by municipalities and Regions while Table
7-2 shows the [and use distribution within and outside the Study Area by Region. The total
area for all Regions for sewerage and sanitation implementation is 20,470 ha, excluding
green areas and valley’s, out of the total Study Arca of 34,500 ha.

Table 7-1 Planned Area by Municipalities and Regions

<Unit:ha>
San Saila San
Region [Guatemala | Mixco | Villa | Miguel | Villa | Catarina| Chinautta| Pedio Total
City Nuoeva | Petapa | Canales | Pinuala Ayampuc

Central 5,955 235 100 170 6,460
Noith 1 110 2,080 2,190

North 2 695 45 740
South 1 1,640 1,640
South 2 970 1,250 2,220
South 3 710 370 960 320 2,360
East 1 3,705 3,705
East 2 200 955 1,155
Tota) 11,650 | 4,630 1,250 370 960 1,375 215 0 20,470

Source :Study Team
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7.3 PLANNED POPULATION AND WASTEWATER GENERATION .
The tolal arca and estimated current (1994 census) and projected future (2015) population to
be served by sewerage/sanitation for cach Region are shown in Table 7-3 and in Fig. 7-2.

Table 7-4 shows the planned population in 2015 within the Study Arca by municipality.

Table 7-3 Population to be Served by Sewerage/Sanitation M/P by Regions

Regions Area Population
ha Total - Sewerage Sanitation
1994 2015 201s 1994 2015
Central 6,460 508,500 861,400 75 1;800 109,600 109,600
North 1 2,190{ 180,000 392,000 379,100 12,900 12,900
North 2* 7401 72,000 150,000 - 72,000 150,000
South 1 1,640 40,000 280,000 | 277,500 2,500 2,500
South 2 2,220 83,000 191,600 183,600 8,000 8,000
South 3 2,360 134,000 279,000 276,100 2,900 2,900
East 1 3,705 251,000 521,000 500,800 20,200 20,200
East 2* 1,155 25,800 40,000 - 25,800 40,000
Total 20,4701 1,294,300 2,715,000 | 2,368,900 253,900 346,100

Note: (*) Only a sapitation system is to be provided,
Source : Study Teant

Table 7-4 Planned Population by Municipalitics Within Study Area in 2015

Population in the Study Area
Municipality Sewerage  Sanitalion Total Others Total

Guatemala City 1,391,200 141,800 1,533,000 9,000 1,542,000
Mixco 662,600 153,400 816,000 | 25,000 841,000 ®
Villa Nucva 120,400 5,200 125,600 | 337,400 463,000
San Miguel Pctapa 36,600 400 37,000 61,000 98,000
Villa Canalcs 95,100 000 96,000 | 81,000 177,000
Santa Catarina :

Pinula 28,000 30,400 58,400 4,600 63,000
Chinautla 35,000 12,000 47,000 | 102,000 145,000
ia)‘;;‘;‘l? 2,000 2,000 | 18,000 20,000
Total 2,368,900 346,100 2,715,000 | 638,000 | 3,353,600

Note: Planncd population for San Pedro Ayampuc falling within the Study Area (50 ha)
was cstimated with a population density of 40 person/ha.,
Source: Study Team
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Table 7-5 shows the projected unit wastewater generation in 2015 (for details see Supporting
Report K, Pollutant Load Generation).

Table 7-5 Unit Wastewater Generation in the Year 2015

Gross Avc'ragc Per Capita
Arca Domgstic | Institutional/ Walter Consumption
Commercial (Ipcad)
Central Guatemala & Mixco 200 95 295
Others 200 20 220

Source : Study Team

The design wastewater flowrate is cstimated by adding:

a) domestic/institutional wastewater
b) industrial wastewaler
) groundwater infiltration

Industrial wastewater generation is assumed 10 be 35 m*/(ha.d) for the industrial fand use
arca cxcluding the arca covered by oad (25% of the total).

Groondwater infiliration is assumed to be 5% of the wastewater generated, which is 15 Iped
for Central Guatemala and 10 lped for other areas.

Daily wastewater flow variations have been cstimated based on water supply data, {refer to
Supporting Repoit K), as follows:

Daily average flow rate @ Daily maximum flow rate : Hourly maximum flow rate
= 1.00 : 1.10 : 1.65

Table 7-6 shows the planned wastewater quantity generated for cach Region in 2015.

Sanitation facilitics arc designed for an average water consumption of 150 Iped at present and
assuming a 10% increase, average wastewater generation in the year 2015 will be 165 Ipcd.
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7.4 WASTEWATER QUALITY

Wastcwater quality, in terms of BOD; and SS, for planning of wastewater trcalment facilities
and sanitation systems, has been estimated based on the water quality survey results and
reported unit pollutant load gencration (Refer Suppoiting Report K, Pollutant 1.oad
Generation). The BOD; and SS wastewater concentrations are assumed to be as follows:

{1) Scwcrage system 280 mg/L
{2) Sanitation system 330 mg/l.

7.5 ADVANTAGES AND DISADYANTAGES OF BYPASSING LAKE
AMATITLAN

A prcliminary study was carried out on measures to improve the water quality of Lake
Amalitlan by alleviating the currently uncontrolled waste load inflows to the lake. Under the
present conditions, it is obvious that the inflowing waste loads should be reduced by the
provision of wastewater ircatment, preferably {o the sccondary treatment level.  Sccondary
treatiment processes can remove 80% to 90% of organic wastes, thereby considerably
reducing the inflowing waste load. However, a qucstion still remains as to whether the
trcated wastewater effluent should be discharged directly to the Lake or should bypass it.

Duc to the topography and geography of the area, i the efftuent is lo bypass the lake, the
outfall will need to be laid almost 10 km along the lakeside. Under these conditions,
bypassing will be far more costly than the direct discharge of the cffluent to the lake. Thus,
bypassing appears to be an inappropriate solution in terms of cost effectivencss.
Two altcmative plans for disposal of treated effliucnt arc cither by:

(i) Bypassing the Lake using an outfall alter sccondary treatment, or

(i) Discharging dircetly to the lake alter sccondary treatment.

Direct discharge of secondary treatment cffluent will be more advantageous than bypassing
for the following reasons:

(1) For bypaﬁsing; a large size outfall morc than 10 km long would need to be laid.
This would require a large amount of capital and O/M investment.



(2)  Atpresent, an average of 2,33 m’/sce of contaminated river water flows into the
Lake through the Villalobos and other rivers, which comprise the major source
of water to the Lake. At the same time, it is a major source of wastc load. To
minimize the inflow of waste to the Lake, much of the wastewater has to be
treated with an appropriate treatment process, preferably to at least sccondary
trcatment level.

(3)  If treated wastewater efflucnt is to be bypassed, the inflow to the Lake will be
significantly decrcased. The lake watcr balance is a sensilive issue with respect
to hydrological and ecological viewpoints, and the extent of impacts on the
cnviroriment in and around the Lake, due to bypassing, has (o be carefully
considered. It is not possible, within the time-frame of this report, to carry out
such an appraisal.

(4) The sccondary wastewater treatment system may be upgraded and cxpanded in
the future, whenever it becomes mandatory duc to more stringent requirements
for water quality improvement or for any other reasons. For bypassing, an
advanced wastewater treatment would be required from the first stage becausc
Michatoya River water is used directly for bathing and washing by people, and
the water quality of the Michatoya River is very much better.

(5) [Itwould be prudent, as a first step, to provide secondary treatment, and then to
carcfully monitor the water quality improvement of the lake environment to
obtain conclusive results, based on which the necessity of bypassing coutd be
accurately assessed at a later stage.

Although more comprehensive and detailed analysis is necessary to identify the degree of |
influcnce on the lake environment of wastewater bypassing, it is belicved at this stage that
the provision of a sccondary trcatment plant and disposal of treated cffluent to the Lake
would be the most appropriate sclution which would significantly contribute to reducing
waste inflows and improving the Lake water quality.

7.6 TREATMENT LEYEL

Exisling cffluent standards for municipal wastewater discharges (Government Agreenient No.

- 60-89) can be sé!isficd by primary trcatment. Under the circumstances of little or no cxisting
treatment of wastewater, those standards were sct as a first step towatds requiring at least primary
treatiment. ’l‘hisl type of standard is called a trcatment-based standard. They arc not based on the
requircments of receiving water bodies. :
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Alternatively, the level of treatment necessary before discharge to a public water body may be
determined based on the characteristics and intended utilization of a receiving water body. In
other words, to protect the intended utilization of a water body, such as for drinking, irrigation,
recreation, aesthetic appearance etc., allowable discharge limits are set.  This type of slandard is

called watcr quality-based stapdard.

The devclopment and implementation of efflucni standards from treatment-basced standards
towards water quality-based standards is increasingly complex and requires a long time span,
financial investment, technical development ete.  Water quality-based standards arc more
sophisticatcd and require a through knowledge of the arca and the water body. Treatment bascd
standards may be based on primary, secondary or advanced level treatment and issues concerning

industrial wastewater treatment are also relevant.

Considering the cxisling condilion of virtually no waslewaler trcaiment, only treatment-based
standards are considered in the Master Plan for wastcwater management up to 2015, Various
possible scenarios of such effluent standards arc discussed in the following scction.

7.6.1 Scenarios of Efftuent Standards

Sccnario’s of cffluent standards arc proposcd as follows:

Case I Tocomply with the existing cffluent standards
Industrial wastewater will not be accepted into public sewers (Fig. 7 - 3). Domeslic
wastewater is to be treated to comply with the existing standard. Industrial wastewatcr
is to be trcated by the indusiries themsetves and discharged into the watenways direetly.
Industries discharging into scwers at present will be allowed to continue to do so except
for thosc discharging heavy metals / hazardous substances but will be required to pay
for scwerage services.

Case Il Revise Existing Standards
Revisc the existing standards such that the existing cfffuent standards for industdics
become the standards for discharging into the public sewers {Fig. 7 - 4). Industrial
wastewater containing heavy metals and hazardous substances which interferes with
operation of the sewage treatment pracess will not be aceepted.  Basically industrial

wastewater will be accepted into public scwers with some restrictions for large”

industdes. Effluent standards will be the samie for domestic cfftuent and industrics, and
the values will be the same as that of domestic wastewater at present. Howcever, it is
necessary to add more parameters.

7-10



Fa 7-3

PUBLIC WATER
BODY

ﬂ Standasd 1P 2}"5 R, CANAL
Pl

INDUSTRIAL
SOURCES
\ PUBLIC SEWER
DOMESTIC AND
INSTITUTIONAL
SOURCES
T wwre
\_‘\
Standard MP
Note  WWITP - Public Wastewater Trealment Plant
Standard iP - Effiuenl Standards for industrial Waslewater inlo Public Waterbody

Standard MP - Effluent Standards for Municipal Wastewater info Public Waterbody

CASEl -  NOT ACCEPT INDUSTRIAL WASTEWATERS
- EXISTING STANDARDS {60-89)
- INDUSTRIES DISCHARGING TO PUBLIC SEWERS AT
PRESENT SHALL PAY SEWERAGE CHARGES

O;',EHE STUOY CN TITLE
THE IMPROVEMENT OF WASTEWATER
THE BEPUBLIC GF GUATEMALA :
i MANAGEMENT 1N THE GUATEMALA
METROPOUTAN AREA SCENARIOS OF EFFLUENT
GUATEMALA MUNICIPAL WATER
SUPPLY PUBLIC CORPORATION STANDARDS - CASE |
C (EMPAGUA) JAPAR INTEANATIONAL COOPERATION AGENCY

7-1,1



Fig. 7 ._:;

PUBLIC WATER
BODY

” Standard P2 gir\gﬁ A, CANAL
Yo

INDUSTRIAL ~ Standard 152
SQURCES

AN "

PUBLIC SEWER

DOMESTIC AND

INSTITUTIONAL
SOURCES
Wwwip
Standard P2
Note WWIP - Public Wastewaler Treatment Plant
Standard P2 - Effiuent Standards for Indusirial Wastewaler into Public Waterbody
Standard iIS2 - Discharge Standards for indusirial Wastewater into Public Sewers
Standard P2 - Effluent Standards for Municipal Wastewater inlo Public Waterbody
CASE 2 - ACCEPT INDUSTRIAL WASTEWATERS

- REVISE EXISTING STANDARDS (60-89)

- EFFLUENY STANDARDS FOR MUNICIPAL WASTEWATER
AND INDUSTRIAL WASTEWATER INTO PUBLIC WATER
BODY ARE THE SAME
DISCHARGE STANDARDS FOR INDUSTRIAL WASTEWATER

INTO PUBLIC SEWER REMAINS AT THE SAME LEVEL AS
Standard 52

THE STUDY ON TITLE
THE REPUBLIC OF GUATEM THE IMPROVEMENT OF WASTEWATER '

“ ATEMALA MARAGEMENT IN THE GUATEMALA SCENARIOS OF EFFLUENT
GUATEMALA MUNICIPAL WATES, METROPOLITAN AREA .
SUPPLY PUBLIC CORPORATION STANDARDS - CASE

{EMPAGUA JAPAN INTERNATIONAL COOPERATION AGENGY

7-12




Case 11 Jmproved (stricter) Standards
This will be an extension of Case I, in which cffluent standards will be improved to the
next level (stricter), for example to the secondary freatment level (Fig. 7 - 5).  Actual
values set for this level will depend on the combined wastewater quality of domestic
scwage and industrial wastewater.

Note # Industries discharging large volumes of wastewater and of high concentration comparcd
with domestic sewage, will significantly increase the concentration of wastewater inflow to the
sewage treatment works. Those industrics can cither treat their wastewater themselves or may
opt to discharge into public sewers. However, if they would like to discharge into public sewers,
they need to pretreat their wastewater to an extent which will depend on the wastewater quality
and quantily, This restriction arises from the need for the treatment plant to satisfy the cfflucnt
standards.

Fable 7 - 7 shows a summary of effluent standards for Cascs I, II, and 11l and Table 7 - 8 shows
the cxample of BOD concenltration.

Table 7 - 7 Scenario of Effluent Standards

_ Sourcc Case 1 Case 2 Case 3
Eftluent Standards for Municipal Wastewater Standard
into Public Water Body . MP Standard Standard
Efflucnt Standards for Industrial Wastewater Standard P2 P3
into Public Water Body ip
Discharge Standards for Industrial Wastcwater _* Standard
into Public Sewers iS2

Note: *Only permitted for those industrics with existing dischargcs.
Source : Study Team

Table 7 - 8 Exampte of Effluent Standards (BOD)

Case Standard : BOD Concentration
: : mg/L
Case 1 Standard MP 200
Standard IP {c. g. breweiy) : 900
Casc 2 Standard P2 200
Standard 1S2 (c. g. brewery) 900
Case 3 Standard P3 < 200

Source : Study Team
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7.6.2 Enaciment and Implementation of Effinent Standards

As discussed in the previous section, cnactment and implementation of cffluent standards and
discharge standards, {for industrial wastewater), shall be conducted by the respective
implementing authorities. As for industrial effluents, nccessary procedurcs shall be taken to
provide necessary_legal_authority for EMPAGUA {or Municipality) to sct standards/regulations
for accepting industrial wastewater. To cnsure safc and reliable functioning of the sewerage
systemn, industrics shall provide data on a) flow rate of wastewater and b) characteristics and
composition of wastewater to EMPAGUA, to cnable EMPAGUA to decide whether or 1iot to
accept industrial wastewater into its sewcrage system.



- CHAPTERS
_ STUDY ON WASTEWATER MANAGEMENT
|  FACILITIES |



8

STUDY ON WASTEWATER MANAGEMENT FACILITIES

8.1

WASTEWATER COLLECTION SYSTEM

8.1.1 Combined Yersus Separate System

The wastewater collection system should be planned as a scparate system, which receives

wastcwater, but not storm water unoff, To sclect the most suitable collection system for

the M/P Arca, such various relevant factors as waste disposal mcthods, rainfall

characteristics, topographical featurcs, water uses, and physical planning limitations, have

been taken into consideration, as summanized in the following:

()

(®)

(©)

A basic considerations influcneing the seleciion of the type of sewerage system for use
in Mctropolitan Guatemala is the existence of an established sewer collection system.
In most of the central and built-up urban arca in Guatemala City, an old combined
sewerage system is predominantly utilized, However, newly constructed sewcr
systems adopl the scparatc collection system. It is obvious that for any urban area
where a  basic natural flood control system is functional, the concept of a
combincd sewerage system is hardly justifiable.

The sludy of the existing water pollution conditions in the Guatemala Mctropolitan
Arca clearly indicates that the rivers and other waterways have been heavily  polluted
with sanitary aund various other wastes, particularly during dry scasons when the
rivers and other waterways become, essentially, the trunk and intercepting seweis of
the City. These conditions dictate that only with the cstablishment of a scparate system
of major trunk and intercepting sewers  can sanitary wastes be kept out of the rivers
and storm drains, thereby changing the present situation of gross pollution and setling
the basis for a progressive cleanup of the City. Thus, the provision of scparate
sanitary main sewers and interceptors s essential for the Gity, as a first slep in the

right dircction.

Itis rccognized, thatbecause of limitations of funds, scparate sanitary sewers may
not be provided for all of the City arca at this time. Hence, it will be nccessary to
defer construction of sewers in certain arcas where problems are less critical, for
example, those reasonably well served by scplic tanks and leaching beds, or for the
time being, those which could be so scrved. Also, advantage can be laken of the
local storm drainage system, on an interim basis, to scrve for (ransporling  dry

weather sullage flows to main trunk sewers. Similarly, in other arcas wherc house
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sewers discharge the wastewaters into the existing local storm drains which in turn
flow to the rivers, these draing in some arcas may serve to convey the dry weather
sullage wasle flows to the sanitary trunk sewers/interceptors. In both cases,
overflow structures would be provided to prevent overloading of the sanitary trunk
sewers/interceptors and treatment facilitics during storms.

(d) The basic concept of the strategic plan ate therefore i) to delineate the necessary

minimum system of sewers and interceptors needed to serve the M/P Area, beginning
with the more critical areas within which conditions are serious and the bulk of the
population resides, ii} to develop a plan for progressive provision of local sewers,
with the interim usc of local storm drains where advantageous, and generally giving
priority to thosc areas having the most critical conditions, and iii) to develop a plan of
wastewater treatment and disposal which will provide adequate protection of the
watcrways.

(¢) The most significant disadvantage of a combined sewerage system is that, when it

0

(2}

rains, the system may causes pollution in the receiving water due to the overflow of
untreated waste. However, because of the high intensity of rainfall in Guatemala,
sewage discharge to storm scwers or combined sewers will generally be heavily
diluted at times of rain. The overflows from combined sewers will therefore be
greatly diluted and thus will not have a significant impact on rivers and watcrways
which receive the overflow, especially considering that these waterways will
themselves be at their maximum flow range.

A study(*) on the extent of BOD loading overflows due to from a combined sewer
system, calculated for different intercepting sewer capacitics, indicates that BOD lost
through overflows over a onc year period, with the intereepting sewer capacily of onc
limes peak dry weather flow(PDWF), is 2.04 % of the total BOD carried through the
scwers, and with a capacity of 10 times PDWF capacity it is 1.40 %. Thus, during
times of storm, waste will overflow to the receiving water bodies, imespedive of
whether the intercepting sewer capacily of 1 times PDWF and 10 times PDWF. In
any case, at such times the overflows will be highly diluted.

Because combined sewers are normally laid deeper than storm channels, cxcavation
costs would be increased.  Further, pumping up from greater depths would be
required, thus the increased pumping station and power costs to levels would usually
exceed the sum of the costs of scparate storm and sanitary sewer Systems together.
The study also indicated that the ratio of the annual cost of scparate and combined
systeins, including capital and operation and maintenance costs, is 1.112/1.341.
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(h) Because traffic conditions in Guatemala arc often critical, excessive disruption of
traffic and normal activities during construction of nccessarily decper ‘and larger
sewers, will generally be greater with a combined sewer system.

(i) Guatemala had an average annual precipitation of 1,234.3 mum during the 3¢ years
period (1950 through 1980) much of which was of relatively short duration and high
intensity. The 2-year return period for a storm of 15 minutes duration is 100.3 mm. I
acombined sewerage system were applicd, this rainfall character will significantly
increase the cost of the sewcrage system.

(§) Other factors to be considered are the immediate necd for sewer services in arcas of high
population density, road conditions, spced of implementation, and availability of
funds for the Project, all of which may sometimes be more critical than the cost or
pollution problems resulting from sclecting onc particular type of sewerage system.

{*): "Jakarta Scwerage and Sanitation Project,” prepared by NSC for WHO, 1975.

For the above reasons and on the basis of various studies and field surveys of the cxisting
drainagc facilitics, it is recommended that the new sewerage system for the M/P Area be in

principle, a separate system.
8.1.2 Strategy for Stormwater Drainage System

The stormwater drainage network in Metropolitan Guatcmala has been gradually  expanded
to cope with the rapidly cxpanding Metropolitan Arca. The existing dréinag{: is concentrated
mainly in the older and most densely populated parts of the Arca. Duc to the generally
steep slopes, stormwater discharge is  relatively casy and so far no scrious flooding
problems have occurred  except in limited low lying areas. The stormwater management

strategy in this Study is shown in the following table:

Table 8-1 Stormwater management Strategy in Each Region

Region Scwerage System Stormwater Management

Central Combined Stormwater intereepted will be treated at the
wastcwater treatment plant with
scdimentation process '

Other Regions | Scparate Existing stormwater drainage facilitics are
used. No treatment of stormwater is planned
under this Study.  Wastewater frcatment
should be given top priority.

Source : Study Tecam



8.1.3 Wastewater Treatment Plant Locations
a}  Selection Criteria and Constraints

Since it is planned that the collected wastewater will flow by gravily, wastewater treatment
plants will generally be located on low lying land close to rivers. Even if a wastewater
treatment plant is located in a low lying area, lift pumps may still be required where the
incmning sewer is decp and the level of the receiving water course is high. In sclecting a
waslewater treatment plant site, therefore, the most important factor to be considered is to
ensurc that collected wastewater can reach the plant by gravity i. ¢. without using pumps. In
addition to eliminaling pumping needs, the site should idcaliy;

i)  Belocated as near as possible to the treatment dislrict so that construction and
 O/M costs for the intake sewer can be minimized.

i)  Be located close te the receiving water for discharging the treated effluent to
minimize the oulfall cost. '

iiiy Have sufficient area available for the proposed treatment facilities and be located
where land owner(s) and neighboring residents agree to the plant construction.

iv)  Be sighted in a scarcely populated arca with least adverse environmental impact.

v)  Have casy access for construction and O/M of the plant.

vi) Have a topographic condition that is favorable for discharge of the effluent into
the receiving water,

vil) Minimize the amount of cut and fill necessary,

Influent wastewater can flow by gravity to each of the treatment plant sites selected. In
sclecling the sites, the various features listed above were carcfully studied.

The invert elevations of the outfall pipc should, in cach case, be higher than the high water
level (HWL) of the recciving water. Since the HWL has not been defined by the authority,
the invert clevations of outfall pipes have been tentalively fixed at least S meters above the
river bottomn.

The rationale for the site sclection is summarized Table 8-2 and the selected locations are
illustrated in Figure 8-1.
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Table 8-2 Rationale for Wastewater Treatment Plant Site Selection

Region Rationale for Sclection

Central Located close to the treatment district. Sufficient arca available.

North 1 Located close to the treatment district.  The site is prosently forest
and agricultural land.

South 1 Gravity trunk scweis can be installed following the ground surface
clevations in the southern part of the Region,

South 2 Suitable Jand arca is available where no significant cxcavation and -
filling is required (land elevation will be detcrmined based on the
reeciving river bed clevation).  The land is presently uscd for
abstracting soil.

South 3 Appropriate land is available which needs no significant excavation
and filling (actual land elevation will be determined based on the
receiving river bed clevation).  ‘The land, which gradually slopes
toward the river, may be casy to acquire.

East 1 Sufficient asca is available. No drinking waler intakes arc located

down stream and the plant cfftuent discharge should not have an
adverse imipact on the river water use.

Source : Study Team

8.1.4 Sewer Design Criteria

a) Scwer Layout Planning

Sewer layout is planned considering the following;

1)
2)

3)
4)

5)

6)

Sewers will be designed to flow under gravity

Sewers will be designed based on maximum hourly wastewater flow with a
factor of safety to have additional capacity

Scwers will be underground

Layout of the sewer will take account of roads, topography, rivers, railroad, soit
condilions, other underground facilitics cte.

Cross scction, shape and slope of the sewer will be such that to have adbquatc
flow velocily and sclf cleansing capacity to avoid accumulation of seitled solids
and septic conditions.

Sewers shall_be such that there is minimum lcakage and infiltration of
stormwater and groundwater.

The convention adopted hete in the Study complics with Guatemalan practice. The largest
sewers are referred Lo as main collectors instead of tnunk sewers. '
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Flows are calculated on the basis of the projected domestic and institutional wastewater for
the year 2015, plus the industrial wastewater contributions and extrancous flows, including
groundwater infillration,

Because the new scwerage system is to fully utilize the potential energy of wastewater,
no pumping station will be considered o lift the wastcwaler, and both the outfall pipe
invert and river bottom clevations should be carefully examined to confirm that the facililies
are planned in a hydraulically appropriate manner.

River crossings of collectors also need to be carcfully examined with respect to river bed
and sewecr crown elevations. It should be noted that the tevel of the top of the sewer is
constrained by the river bed clevation, and once a scwer pipe elevation has been fixed, all
downstream pipe elevations through to the treatment plant will be governed by this elevation,
For this reason, the selected main collector routes to the treatment plants may not
nccessarily be the shoricst one. An explanatory skeich of this condition is  shown in
Figuie 8-2. |

b) Sewer Pipe Design

In determining sewer capacities, the Manning equation is used for pipes and conduits,
flowing full or partially full, with 'n' values of 0.013 to 0.015 dcpending on the pipe
surface conditions.

All reinforced concrete (RCP) sewers are designed to maintain a mean flow velocily, when
flowing full or half full, using an 'n' value of ¢.013, of not less than 60 cm/scc.

All sewers are designed not lo cxceed a flow velocity of 3 m/sec to protect against
crosion. When the ground slope is particulatly stecp and a velocity may exceed more than
3 m/secc, special provision is to be made to protect against displacement due to erosion and
shock.

¢)  Safety Factor for Design Flowrate

Sewers  are designed to convey waslewater under partially-filled condition under gravity.
Further, a safctjr factor for the design flowrate (maximum hourly flowrate) is applied to
obtain greater capacity of sewers to incorporate any uncertaintics in flow estimation, short-
term variation, etc., Safcty factor depends on the pipe diameter and is shown in Table 8-3.
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For combined system, safcty factor is not applied in general.

Table 8-3 Safety Factor for Design Flowrate

Diameter, mm Safety Factor for Design Flowrate
200 - 600 20 |
700 - 1,500 1.5-2.0
1,650 - 3,000 * : 125-1.5

Note:  * Exception when cross-sectional area is decided, based on the excavation method.
(For example, minimum diamcter for tunneling in 1,500 mm cven though the
required area is less.)

Source: Guidelines for Sewerage Facility Design, Japan Sewage Works Agency, 1994,

d) Minimum Diameter

A minimum diameter of 200 mm is adopted for sewers, but for house connection pipes
150 mm may be used. When tunneling method is necessary due to topographical conditions,

minimum diameter is set at 1,500 mm based on previous experience.

When a smaller sewer is connccted to a large one, the crown of both scwers arc 16 be placed

at the same elevation,
¢) Cover Depth

Sufficient cover is left between the top of the sewer and the road surface to protect sewers
from traffic loads and to aveid undue interference with other underground scrvices. A
minimum of one meter cover will be provided, except in specific - situations - where a
shallower depth is feasible.

f)  Sewer Type and Materials
Sewer pipes currently available in Guatemala are limited in size and material. The collector,

main and submain sewers of 1,500 mm diameler or larger arc designed on the basis of
reinforced concrete tunnel conduits,



g) Manholes
Manholcs are indicated on the plans and profiles of the sewers but they should be providcd
at cach change in dircction, change in grade, and change in sewer diameter, and should

generally not excecd the maximum spacing shown in Table 8-4.

Table 8 -4 Maximum Manhele Spacing

Scwer Diamecter (mm) - Maximum Manhole Spacing (m)
300 orless - 50
600 orless 75
1,000 orlcss 100
1,500 orless 150
1,650 orless 200

Source : Study Team

Except for very shallow sewers, all manholes are planned to be large enough for entry
and for operation of cleaning equipment. The minimum internal size of manholes is
150 cm. Manholcs are also designed to accommedate the future extension of sewers.

h) House Connections

Individual houschaolds or communities within areas provided with a public sewer service
may be connccted  with public sewers 1o cnable them to discharge their domestic
wastewalter 1o the sewerage system. These pipes are designed to be not less than 150 mm
in diameter, preferably with a slope of morc than 2 %. Materials, joints, and workmanship
should be of a simifar type and equal to those of the public sewers to minimize infiltration
and root penctration. Although the layout and profiles for these pipes are not prepared for
masler planning purposes, an average house connection pipe length for an individual
househald may be 10 to 15 meters.

8.2 WASTEWATER TREATMENT SYSTEM
8.2.1 Design Conditions
a) Flow Rale

The planned wastewater flow rate for cach Region in 2015 as defined in Section 7.3 is as
shown in Table 8-5.
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Table 8-§ Planned YWastewater Flow Rate

Region

Wastewater Flow Rate, m/d

Daily
Average

Daily
Maximum

Hourly
Maximum

Wet Weather

Flow rate,

m3/d

Central

BT
BT e

g
g —

237,157

TR L7 A

260,311

RS —

389,057

85,414

1,086,269

195,692

Source : Study Team

For design of wastewaler treatment plants, planned flow rates are rounded up to the nearest

thousand; the wastewater flow rates used for design arc as shown in Table 8-6.

Tahle 8-6

Design Flow Rates for Wastewater Treatment Plants

Region

Wastcwater Flow Rate, n13/d

Daily
Average

Daily
Maximum

Hourly
Maximum

Wet Weather

Flow Rate,
nv’/d

Central

238,000

T

South' 1

T

T S E

261,000

390,000

121,060 '}

131,000

1,087,000

103,000

G

107,000

Source : Study Team

b} Water Quality

As discussed in Scction 7.4, influent wastewater quality to WWTP’s is 280 mg/Lin terms of

both BOD; and SS.

The high-rate trickling filter pidccss for wastewatcr treatment is selected for the reasons

described in Supporting Report J. The removal rates and effluent quality shown in Table 8-7

and Table 8-8 can be achicved using this process.
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Table 8-7 Removal Rates for High-rate Trickling Filter Process

“Removal Rate (%)
Primary Secondary

Parameter Treatment Treatment Overall

PST TE(I) TF(I)

C+(D) FC+(1I)

BOD:s as 50/68 38/80 30
SS 55 56/80 80
Note: 1. Removal rate A/B indicates removal rate in the individual facility (A) and the

overall removal rate (B} including the facility.

2. Detailed discussion is included in Supporting Report J, Anncx JB.

Source : Study Team

Table 8-8 Treated Water Quality

o Conceniration, (mg/L)
Parameler Influent Effluent
Primary Sccondary
BODs 280 182 56
SS 280 126 56

Notc : Detailed discussion is included in Supporting Report I. Anncx JB
Source : Study Team

¢} Septage
It is planned to treat septage collected from newly constructed sanitation facilitics, (septic
tanks), in cach Region, at thc respective wastewater treatment plant of that Region as

descrnibed in Section 8.3.

Table 8-9 shows the scptage quantity in cach Region and the wastewater treatment plant
where it will be treated.,
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Table 8-9 Quantity of Septage to be Cellected in Each Region and Wastewater
Treatment Plant at which it will be T'reated

Quantity of Septage WWTP
Region Annual, Daily, Dry Sludge, Treating
m'fyear m'/d ton/d Septage
Central 4,384 12.0 0.84 Cealral
North 1 516 1.4 0.10 North 1
North 2 6,000 16.4 1.15 North 1
[ South 1 100 0.3 0.02 South 1
South 2 320 0.9 0.06 South 2
South 3 116 0.3 0.02 South 3
East 1 808 2.2 0.15 East 1
East 2 [ 1,600 4.4 0.31 East 1

Source : Study Team
8§.2.2 Treatment Process and Flow
a) Liquid Treatment Process

As alrcady Discussed in Scclion 7.6 the waslewater trcatment plants arc to achicve the
removal efficicncics of at least a secondary trcatment level, [In view of this, all possible
secondary treatment processcs have been cvaluated with respect to cfficicncy and
performance, Those not mecting the necessary requircments hrave been screened oul from
further study. Finally the following four candidate treaiment processcs arc selected for morc

detailed analysis:

1)  Convenlional activated sludge,
2)  Oxidation ditch,

3)  Acrated lagoon,

4)  High rate trickling filter.

The above treatinent processcs have then been evaluated in the light of the following
important factors: |

1)  Water quality and its variations,

2)  Quality and quantily of sludge generated,
3)  Construction and O/M cosls,
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4) -

5)
6)
7

Pcrsonnel requirements for O/M,

Extent of impact on the surrounding environment,

Topography, geology and climale,

Treatment processes applied and O/M situation at existing plants in the Study
Area,

From the resulls of the analysis of alternatives as discussed in Supporting Repart § -

Sclection of Treatment Process, it is concluded that the high rate trickling filter process

should be adopted as the treatment system in the Study Area. The Major reasons for this

selection are:

1)

2)

3)

4)

5)

6)

The wastewater trcatment facilitics will be located on slopes angd the trickling

~ filter process is suitable for utilizing potential energy. External energy input

requirement is minimum among the altemative processes.

Because of such cnergy savings, O/M costs wilt mainly comprise of labor costs
making the process more cconomical than other processes. This is cxtremely
important in Guatemala to ensure sustainability of the facilities.

The trickling filter process is being used in the existing facilitics within the Study
Area and local experience and knowledge of the operation of this process has

been accumulated.

O/M requiremcnls arc simple day to day care as the process docs not have any
mechanical parts which require maintenance. .

Studge gencration is relatively {ow.

Although the land area requircd for the process is higher than for the activated
sludge process, il is less than for other processes.

b) Studge Treaiment Process

Sludge gencrated from the liquid treatment process will be trealed without the usc of

mechanical or clectrical facilitics. Based en the climatic conditions in the Sludy Arca, the

most suitable sludge treatment process is as foltows:

Unhecated Anacrobic Digestion =----------- > Sludge Drying Bed
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There are a few existing facilitics which cmploy the above process.

c) Treatment Process Flow

- Based on the discussion in preceding sections 1) and 2), treatiment process flow
will be as shown in Fig 8-3. The following are the main points related to the
process flow.

- The trealment process is high-rate trickling filters and consists of two stages with
an intermediate clarifier (sce Supporting Report J, Annex JB)

- Existing sewers in the Central Region arc combined and some storm-water
intercepted will enter the WWTP., During wet weather, only primary treatment
will be provided for the flow exceeding the maximum hourly flow rate, before it
is discharged to receiving water.

@ 8.2.3 Design Criteria
a)}) Wastewater Flowrates for Design of Process Units

Wastewater flow rates assumed for the design of cach wastewater treatment unit arc as
shown in Table 8-10.

Table 8-10 Design Criteria for Process Unils

Facility Treatment Hydraulic
Capacily Capacily
Liquid Treatment Daily Maximum Hourly Maximum
Flow rafc Flow rate
Sludge Treatment Planned Sludge Same as for Treatment
Quantily Capacity

{Bascd on daily average
wastewater flow rate)

Souree : Study Team
The basic principles for using the flow rates shown are as follows:

- Hydraulic retention times in liquid treatment facilities is generally short and so
these units will frequently become overloaded if designed for daily average flow
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L

- Hourly maxinium flow rate occurs during peak hours and for a short duration
and is not suitable for the design of treatment capacity, However, to prevent
overflowing during peak hours, the hydraulic capacity of the facililics shall be
based on hourly maximum flow rate,

- For sludge treatment facilities, the retention time is of the order of scveral days
and thercfore facility design is bascd on the quantity of sludge generated derived
from daily average flow.,

For Central Region WWTP, as discussed in the previous section, a maximun hourly wel
weather flow of about three times the hourly maximum flow rate, (diy weather), will enter
the treatment plant.  All of the wet weather flow entering the treatment plant will be treated by
primary scdimentation but only the hourly maximum flow rate (dry weather) will be passed
to the secondary treatment facititics while any excess flow will be discharged direcily to the

receiving water body (refer to Fig 8-3.).
b) Process Design Crileria

For the treatment process flow shown in Section 8.2.2, design criteria for each facility
shown in Table 8-11 are sct based on information from many references.
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Table 8 -11 Criteria for Trickling Filter Treaiment Facility Design

Facility Item Unit Design Range Applics
Primary Over flow rate o/ 30-60 50
Sedimentation  Depth m - 3.0
Tank Retention time hr 1.5-2.5 within the

_ range
Trickling BOD loading _ kg.BOD/m’.d 0.32-1.0 1.0
filter Hydraulic Loading m/d 10-40 within the
range
Final Overflow rate m /md 20-30 25
clarificr Depth m - 3.0
Retention time hr 3-4 within the
range
Sludge Detention time day : - 47
digester
Sludge Surfacc loading kg.SS/m>.yr 100-160 160
drying bed Sludge thickness m 0.2-0.3 0.3
Sludge Concentration
- Raw % 6
- Digested % 8-12 10
- Dried % 40
Sludge organic % 65
content
Volatile Solid %o 50-55 50

Removal Rate

Source: Normas de Diseio de Plantas de Tratamiento de Aguas Residuales.
Wastewater Engincering (Third Edition, Mctealf & Eddy 1991).
Scwerage System Design Guidelines (Japan Scwage Works Association 1994).



8.3 SANITATION SYSTEM
8.3.1 Design Conditions
a) Wastewater Quantity

In the year 2015 the unit design wastewater generation is assumed to be 165 Iped based on
the existing unit water consumption of 150 Iped used for a colony equipped with sanitary
facilities.

Daily Flow variation has been assumed to be to be as described below :
Daily Average Flow : Daily Maximum Flow : Hourly Maximum Flow
=1.00:1.14:3.00

b} Influent Wastewafer Quality

Based on the water quality survey rcsults for existing colonics, influent wastewater quality
to treatment facility in terms of BOD is assumed to be 330 mg/L.

8.3.2 Treatmenf Process and Shudge Disposal
a) Technical Options for Sapitation Facilities

Small community systems arc faced with a variety of problems that make the construction
and operation of community-wide managed wastewater facilities a difficult undertaking.
Some of the related problems are; stringent discharge requirements, high per capita cost,
limited finances and limited operation and mainlenance budgels. Thus cffective low
maintenance solutions must be developed to provide wastewater treatment for small -
communities. In this study, various altematives for sanitation facilitics arc evaluated and
main selection criteria is to identify the fow cost alternative which also requires least
operation and maintenance. Various alternatives for sanitation system arc described below.

1)  Scptic Tank: Scptic tank is a prefabricated tank that serves as a combined sctlling and
skimming tank and as an unheated unmixed anaerobic digester, Septic tank is used for
partial treatment of wastewater and about 55 % of BOD removal efficiency and 70 %
of SS removal efficiency can be obtained. Septic tank alone is not rccommended as a
sanitation trealment system because effluent contains high BOD and can contaminate

~ water bodies significantly.



2)

3

4)

5)

Scptic Tank with _Soil Absorption Well: This is the most common system which
consists of scptic tank for partial treatment and soil abserption well for final treatment,
With septic tank enly, 55 % of BOD removal efficiency is achieved and remaining
BOD is removed by means of subsurface soil absorption.

In casc of problematic soil conditions such as high soil permeabilily or sensitive
groundwater area, other alternatives of on-site treatment facility should be considered.

Septic Tank with Sand Eilter: In case of problematic soil conditions or due {o limitation
of the available area, septic tank with intermittent sand filter could be an appropriate
choice. Trealment in the filter is brought about by physical, chemical and biological
action. BOD of the effluent could be as low as 10 mg/l and can be discharged to
surface waters. However to maintain a high performance level, acrobic conditions
should be maintained in the filter or in other words proper venting of the underdrains
is necessary. This system nccds proper opcration and maintenance for proper
functioning.

Septic Tank with Upflow Anacrobic Filter: In this sysiem partially trcated wastewater
from scptic tank is allowed to pass through the filter which consist of broken stones
(size 19-25 mm)} in an upflow fashion. Treatment is mainly brought about by
biological action in an anacrobic atmosphere. BOD removal cfficiency of the system
varics 70 - 80 %. The cleansing frequency of upflow filters is considered to be once in
1-2 years, when coarse media is used. Hence low operation and maintenance is
required for the system.

Johkasou: Johkasou treatment system is a process developed in Japan and litcrally
means "Purification Tank". This system involves a compact tank and design of the
tank decpends on the process used, such as anacrobic filter, acration process,
scparalion contact acration process and scparalion acration process ete. This system
has been uscd for individual user as well as for the small community. BOD removal
efficiency depends on the type of process used, in gencral about 90 % of BOD
removal efficiency has been obtained.

However Johkasou system not only requires skilled operators, but also demand certain
obligations from the user. The user must use the Johkasou system correctly and must
maintain and clean it as part of statuary obligations. If the system is not properly
managed, the accumulated sludge may exceed the storage capacity, resulting in sludge
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flowing out into the efflucnt.
b) Experiences in Guatemala with Sanitary Treatment System

Septic tank with soil absorption well is being mainly used as sanitary treatment syslem.
Except in few cases the system is functioning well in general. ‘The major problem reported
was the clogging of soil absorption well as also described in the previous section. The other
problem observed was the unavailability of appropriate soil strata in some zones. As a result
depth of digging increases resulling in the higher installation cost.

¢) Proposed Sanitation Treatment System

Septic Tank followed by soil absorption well is proposed as sanitation treatment systesn.
Two absorption well with cach scptic tank are recommended so as to usc them alternatively
to provide resting to the soil disposal field. During resting period biomat which has
developed drics out and cracks exposing the soil surface and resulis in the restoration of the
most of the original infiltration capacity. :

In case appropriate soil strata is not available, Septic tank with upflow anacrobic filter is

recommended, which also requires low operation and maintenance.

In general, ground water table in the study arca is as low as 30m, hence chances of ground
water poliution from the effluent of seplic tank with soil absorption wellfupflow anaerobic
filter arc quite low, However horizontal distance from the groundwater well- should also be
studicd while locating the position of septic tank.

Septic tank followed by soil absorption wellupflow anacrobic filter is recommended for
Sanitation Treatment System. Gravily sewage collection system is proposed for collecting
and transpoting the wastewater in the colony/seitlement to the sanitation treatment system.

d) Desludging and Treatment

Scptic tank should be desludged once in a year utilizing vacuum trucks. Desludped septage
is pmpoécd to be treated at the studge treatment facility of the wastewater treatment plant to
be constructed in the respective region. Septage from North 2 Region and East 2 Region arc
proposed to be treated at the sludge treatment facility of the wastewater trcatment plant of
North 1 and East 1 region respectively.



8.3.3 Process Design Criteria

No standard design criteria for seplic tank/upflow filter is existing in Guatemala. The design
criteria adopted here for sanitation treatment system, has been also recommended by JICA in
Asian Countries. References are listed below :

- John M. Kalbennattcn, De Annc S. Julius, D. Duncan Mara and Charles G
Gunneison; Appropnatc Technology for Water Supply and Sanitation : A Planner's
Guide, World Bank 1980.

- Duncan Mara; Sewage Treatiment in Hot Climates (1976)

- Metcalf & Eddy; Wastewater Engincering; Treatment, Disposal and Reuse (1991)

- Vigncswaran ct. al,; Anacrobic Wastewater treatment-Attached growth and sludge
Blanket Pracess, ENSIC, ALT (1986)

- Askinin W.B.; Design Criteria Development of RBC and Anaerobic Filter system for
Scwage Treatment, AIT (1983)

a) Septic Tank
The length to width ratio shall be 2-3 : 1. The minimum width shall be 0.75 m.

The allowable minimuwn and maximum design liquid depths are 1.0 m and 2.1 m
respectively. The clearance above liquid level shall be 0.2-0.4 m.

Two compartment septic tank portion, with initial portion covering 2/3 length and final
portion 1/3 length will be adopted.

A dctention time of 3 days at start up will be provided. The sludge accumulation rate in the
tank is assumed as 40 1/capita/year. Desludging frequency which is also the cleansing
frequency of upflow filter is considered as once in onc year. A maximum sludge
accumulation of 1/3 the volume of septic tank is considered as the maximum allowed
between consecutive desludging operation,

b} Upflow Anraerobic Filter

Mcdia adopled is gencrally broken stoncs of size 19 mm - 25 mm for which void ratio is
0.45. In most cases maximum height adopted is in the range of 0.9 - 1.5 m.

For 20-25 mm broken stone filier media treating domestic wastewater, the recommended
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hydraulic loading and hydraulic detention time to obtain a BOD removal of 70-80 % arc as
follows:

Maximum hydraulic loading : 3.4 m3/d/m?
Hydraulic detention time : 6-9his

8-23



	CHAPTER 5 ADMINISTRATIVE AND FINANCIAL SITUATION
	5.1 Institution
	5.1.3 Municipalities in Metropolitan Area

	5.2 Financial Situation
	5.2.1 Central Government
	5.2.2 Guatemala City and Municipalities in the Study Area
	5.2.3 EMPAGUA
	5.2.4 Financial Constraints
	5.2.5 Results of Public Attitude Survey

	5.3 EMPAGUA Administrative System
	5.3.1 Organization
	5.3.2 Personnel Management
	5.3.3 Information System
	5.3.4 Budgeting
	5.3.5 Commercial Procedures
	5.3.6 Community Participation


	CHAPTER 6 EXISTING WASTEWATER MANAGEMENT
	6.1 Existing Sewers
	6.2 Functioning of Existing Small-Scale Sewage Treatment Plants
	6.2.1 Introduction
	6.2.2 Water Quality Survey of Performance of Existing Treatment Plant
	6.2.3 Results of the Survey on Facilities
	6.2.4 Conclusions and Recommendations

	6.3 Existing Sanitation Conditions
	6.3.1 Existing Sanitation Facilities
	6.3.2 Desludging and Treatment


	CHAPTER 7 FUNDAMENTALS OF PLANNING FRAMEWORK
	7.1 Target Year
	7.2 Regions / Districts
	7.3 Planned Population and Wastewater Generation
	7.4 Wastewater Quality
	7.5 Advantages and Disadvantages of Bypassing Lake Amatitlan
	7.6 Treatment Level
	7.6.1 Scenario of Effluent Standards
	7.6.2 Enactment and Implementation of Effluent Standards


	CHAPTER 8 STUDY ON WASTEWATER MANAGEMENT FACILITIES
	8.1 Wastewater Collection System
	8.1.1 Combined versus Separate System
	8.1.2 Strategy for Stormwater Drainage System
	8.1.3 Wastewater Treatment Plant Locations
	8.1.4 Sewer Design Criteria

	8.2 Wastewater Treatment System
	8.2.1 Design Conditions
	8.2.2 Treatment Process and Flow
	8.2.3 Design Criteria

	8.3 Sanitation System
	8.3.1 Design Conditions
	8.3.2 Treatment Process and Sludge Disposal
	8.3.3 Process Design Criteria





