North West District Council

Environmental Health Department
and

Okavango Delta Management Plan, Project Secretariat

ODMP Waste Management Component

Management of liquid and solid waste in the Okavango Delta
Ramsar Site, Botswana

Tender No: NWDC/EH/04/04

WASTE MANAGEMENT STRATEGY
DRAFT

25 July 2006

Submitted by

* aqualogic (Pty) Ltd

Plot 182 Unit 1 GICP Gaborone
Phone/Fax: 3180216 / 3180218

Email: info@aqualogic.co.bw



DOCUMENT CONTROL AND DISTRIBUTION

sar Site Solid and Liquid Waste Management

Okavango Delta Ram
Strategy Consultancy
T

WASTE MANAGEMENT STRATEGY

Author Aqualogic (Pty) Ltd

Distribution North West District Council; ODMP Secretariat

I3



Okavango Delta Ramsar Sife . okd and Liguid Waste §. trategy Project

NWDC
DRART WDC/EH/04/04
[ Table of Contents

1 INTRODUCTION ..ottt 1
e 1.1 Project Scope and i 1
12 Methodology """""""""""""" 1
1.21  Solid waste quantity and composmon ........ 2
B 1.2.2  Liquid waste quantity and efﬂuentquahtya
1.2.3 Existing waste management systems and i U S 3
1.24  Environmental Impact of existing waste IABRGRMBIL PLERHOEE ..vvvucccesssrsistitis b v o 3
1.2.5  Institutional and logistical capacity of waste management structures................................... 5
_ 1.2.6  Identification of best PSR IAEANO BRI e witisismmisimmmimsaitogn 5
2 WASTE MANAGEMENT POLICY AND LEGISLATIVE FRAMEWORK. ..o 6
2.1 Waste Management e e S 6
<3 2.1.1 Botswana's Strategy for Waste MBNRGSMENE Gf 1908 cvsvonsrrsecmmammensiiiiib b 6
2.1.2 Botswana Policy for Wastewater and Sanitation Management of 2008 it e BB oo 6
B T AT oM I . S 6
- 3 DESCRIPTION OF THE i o T 8
3.1 Physical Boundaries of the OKaVaNgO Deta RAMSAL SHB..v....coerere i liisiions oo 8
3.2 Topography, Climate, Geology, Hydrogeology and Vulnerability of Water......................... 8
= B b ARSI SHh BN el 8
P e SR O SR ' 3~ g 8
Dl e 5 AL S T ek 8
3.24 o et SN s g S e 1 | 8
— 3.2.5  Vulnerability of surface and et LR S T 1 v T 9
3.3 Settlement and Population o RS ' SN 11 0 oy 10
3.4 SRO0INY BN TOUNSD s rffpsmssisistisiommmmmn A R ™" 11
4 REVIEW OF EXISTING WASTE MANGEMENT SITUATION. ...\t sisicsonemn e = 13
4.1 SO VI s et S I 0 A B 13
4.1.1  Household Solid Waste QUERIY 8N, COMOGBIION e i crctivifbinssimr il b SRS 13
. 4.1.2  Solid Waste from Commerce, Institutions and Tourism Operations..............coooooooo 15
175 Total waste generaan Bl b st AR, oo T A BT 15
4.1.4  Primary and SBCONCIAIY SO mssstrsimsssnmerr b SRR 15
a1 OBENON sttt passesraserssomions cons i e e R 18
Fi 4.1.6 Waste collection adidltt L RN I 19
4.1.7 Reuse and PO v e s e sttt o T S22 22
Pt M 5 RS S SNORIN 6 1115 O 5 22
1 LNONG oottt s SREC LT 2 25
T 2310 S0lid Wasle OnllBoUON SO I vt e el LT 26
A1 CUNIOR WEBE oo s i st b bl el R 26
118 EMOING B80S oo ess ittt St s tons AR 27
= 4.2 B i 1 CRBUBSANLSANIN s o M | 1 1 27
221 Welstowaler gonoration Mok g s sse it il it A 27
4.2.2  On-site wastewater collection and IPRIMONL SYRIOMB it covicirihistlestinne s eisioritiil e bl L, 27
4.2.3 Disposal of wastewater from on-site SYBIOMIB. 1crosisvssivssossvnins iz s s o iGN Ll € 29
5 424 On-sito wastewaler COUBCHOMGEEE 1688 ....v.com.-ruvmn biiiessibiinet it b F . 29
4.2.5 Off-site wastewater collection and treatment SYSROMB «.sincsthsicousiihi civos niia it BRI .. 30
N2 B BHUBNE QUMY sy isctr v b ipescsremessesos sttt A Gt et R 30
4.2.7  Used oil generation, collection and HIBROBAL.. o.ocniosmvniiinibmmiliis b vt L SRS | | 31
1 328 EMBHGING ISBUES wwvomcsnssssibiidisos s omeprespsiais st it L AR 32
4.3 Environmental Impacts of Existing Waste Management Practices..............o................oo... 32
4.3.1  Physical and chemical COMPORBIIS i cxovsivissnssiusnmmiussssorisn it ebiiasesi st ibimb o mbb T | 34
4.3.2  Biological and ecological COMPOBRINS. e v covminssi sasssasivi s BN imssars i ab i RS 35
4.3.3  Social and CUUFAl COMPONGNIS........c...cccocereemerrrsnssessessssonssoessosesssn 35
4.3.4 Economic and operational COMPONBITS. ..o vcvsemsssnsm anvasssssonsos shhiitadbtbipinesss iomsbod MM~ 35
430 EMOIGING IBBUBS unsrercrrsmucecsitsssasinsosssisassssissismene sty i isssmeeorn bR 35
4.4 Institutional and Logistical Capacity for Waste Management ... 36
4.4.1  Environmental Health DOPAMMENL.............occccceerrommveeeesssoooseoeosossossssssssssesss 36
442 Water and Wastewater DEParMENt ...............ccorewe.omooooosooseossoonossosssns 41
Aqualogic (Pty) Ltd i

Plot 182 Unit 1, GICP; PO Box 403975, Gaborone
Phone/Fax: 31 80 216/ 31 80 218

Email: info@aqualogic.co.bw



Strategy Project

. - id Waste
e Sokd and Liquid
Obanans Dot B s e /0%

keholder T Tt s e A
443 Support or?amzaﬂons' stakeholders an.c.l--:‘a.t.e‘x ............................................................................. 45
Ad44 Emerging Lo IR Sl TR A5
45  Financing and Cost Recovery WDC ................................................................................... e
45.1 Departmental Budgets for NWDG.......- EHD ________________________________________________________________________ 7
Investment and Recurrent BUAQEtS fOF EFD) crcacenacnmsess o remessssssrassaasassrises st 4
452 Inv rrent Budget oI I 47
453 Investment and Recurrett 16 MANAGEMENE .ocrsssssresssns e as
454 CostRecovery inftiatives in Waste ManagBmITes s =
455 Emerging Issues ............................................................................. po
46  Stakeholder ORG-S E S L S o
461 Service e I i S B
481 el ares Of MROVRMEN oI o BB
463 Emerging chmbNINIE L e i D R 50
5 FUTURE STUATION it SRR S e N . kg
ulation Forecast ............................................... 50
G D osto Generalion FOTBGRBt e e 51
53 Liquid Waste Generation EGERSE .rr et R S D = i
6 SOLID AND LIQUID WASTE MANAGEMENT STRATEGY Llubsmmmsmrerer o
6.1 Objectives of the Strategy ................................................. 52
5.1 Petiod covered by the SURNEEY w0 et 52
6.3  Strategic e A SRS R T 52
6.3.1 Strategy ACIPIBS weroras s Lt S 53
6.3.2 e VIGION v et i i T ™ 55
6.4 Solid and liquid waste stratedy COMMPORGIALS ...—recvert i ST S M L e 55
6.4.1  INrOQUCHON wcoeeeemasmreersrren 0 e SO e O . 56
6.4.2 Component 1: Waste Inform_atlon A e L >
6.4.3 Component2: Waste collection .......... S S S o
6.4.4 Component3: Waste treatment anq HEROA)....os sspiig B o SRS s
6.4.5 Component 4: Liquid waste collection and treatrpent .......................................................... .
6.4.6 Component5: Institutional and Logistical ORI croramsimyessesetossiptonsssrmmmeab st SR e
6.4.7 Component 6: B R EEOYEIY..rcr S LR SRS S 4
6.4.8 Component7: B oblic GQUCAHON BNG GWATBNESS .ot 4
6.49 Component 8: Strategy DITGIAIION . cocsexommemmmmta RS R e
6.5  Financial Implications F U ENTIY. ocrrornsesssrisnsosissisman B ris =SS .
6 Etony ROvieW-and BB .ot S
7 BB IOGHAPHY s R 78
List of Figures
Figure 1.1: Map showing project area and selected SaMPlNG SIHES ...c.cuemrismsusrmsmsmssssmesnssssersssens sy 2
Figure 3.1: Vertical cross section through an ISHEINCE ... . nsosescsdssiasn Rt rimas s eesassapnisass e EEs R erenizanatenes 10
Figure 4.1: Household WaSHS GOMMPBSIION.......cuxsesmssises amrremimammes et ettt R 14
Figure 4.2: TYDICAI PrEARTOF PrOOF CAYE ..vvvvversssssesssssssssssssssssssssss s s 16
Figure 4.3: Typical predator proof POIE-MOUNLEA DiMN....cooreuvniesensessssrnasessmssamssssss s 16
Figure 4.4: Typical galvanized steel e T Ll 1 e e R 17
Figure 4.5: Typical transfer Station (KAWAM) ... 17
Figure 4.6: Waste separation at 100ges/CamMPSIES. ......ccovwwucimrmmsssssssismmsnssssssss s s 22
Figure 4.7: Typical Open AUMPSIte (GUIMAIE) .........c.uusersmessssssssmmsmssssssssssssssssas sy 23
Figure 4.8: TYPICA) DACKYRR: Dlccusisarsannsorosssinssssisiisiisisnsmansisabesmostamtons Issbeibashansstormsteronsestbignspangent 1 24
Figure 4.9: 'RUAIMENTATY INCINOIALON ......ovuiverssccussessiessssissssstssssssssssaasss e ssn st sar et 25
Figure 4.10: TR T ol 1« (O————————es e i E R S R 25
Figure 4.11; Typical septic tank-soakaway system used in the ODRS ......ccccoteemmrerrrernicssansnsssnsssansassesess 28
Figure 4.12: Wastewater treatment system at Vumbura and Xaxanaka Lodges ........ceeeererieeiiiiniiinnenncns 28
Figure 4.13:  Typical on site USEA Ol CONLAINET ... .cvrrerarrercasesesminsarsesesmarssesssatsnssassassnsnsesssnsseasstsasassssasasasane 31
Figure 4.14:  Typical used oil storage AT 1.nvissessessosnasssnssssasasasansersesessenesasenssanssansnensenssenmesbasaanssssssssstsnsannas 31
Figure 4.15: Environmental effects of existing waste management Practices ..o 34
Figure 4.16: Organizational Structure of EHD (NGAMI covevciriniarmsessssssneessssssasassssnssansnseasasssnssasasessssrnacs 37
Figure 4.17: Organizational Structure of WWD (NGAMI) ©vivrrieimisseasessssessrs s sanssssesscssisssassasnsisssasssnses 41
Figure 6.1: SUBREGIC VISION 1ovveerunsrrsnsaneomsiossssostssssnssssssisstssnatsssmsssssssessimassoreisssssstassssssosssssssysssasaesssissacssstisss 54
Aqualogic (Pty) Lid ii

Plot 182 Unit 1, GICP; PO Box 403975, Gaborone
Phone/Fax: 31 80 216 /3180218

Email: info@agualogic.co.bw



Okavango Delta Ramsar Site Solid and Liguid Wasts S, trategy Project

NWDC/EH/04/04
s /EH/04/
Figure 6.2: et L TR 55

ngure 6.3: Proposed organizational STUIU v sussssssissisnsrcmmseessmsmsapumae 69
F!gure 6.4: Organizational framework for waste management section 70
F_agure 6.5: Organizational framework for wastewater sectlon71
Figure 6.6: Proposed Organogram for Environmental Health Department ..o 73
Figure 6.7: Proposed Organogram for Water and Wastewater Department...........................- 74

List of Tables

Table 1.1:  RIAM scheme for rating the severity of environmental impacts ... 3
Table 1.2:  Criteria for judging the significance of @NVIrONMENtal IMPACHS ..........vvvveeee.oosss 4
Table 1.3: Key components of the L 5
Table 3.1: Main settlements and Population distribution in the ODBB ciiicmnmronscrseraiassisitsibissbns e s 10
Table 3.2:  Total Number of Tourists who Visited Moremi Game Reserve (1 2oL A 11
Table 3.3: Number of Workers in Tourism BUSINGSSES, 2001 ....occvvroeeercsenessesseene s 12
Table 4.1: Waste generation rates P S SN S, 14
Table 4.2: Estimated waste generation PR D008 .o vsvssnsiisssisassmanenmmmssnecsssmsmspmgiomon b 14
Table 4.3: Waste generation rates for commerce, institutions and tourism operations..........coovveoovii 15
Table 4.4:  Total waste OO, I IR vt serrmmemamsssscssssisisommmmmsse s e fere 15
Table 4.5 Settlements with transfer S . 17
Table 46:  Current waste management equipment for North West District e A I 18
Table 4.7:  Settlements that use v it L S N s 19
Table 4.8:  Estimated quantity of waste collected within the 2 o s AN S NI 20
Table 4.9:  Actual quantity of waste collected 031 T LOCE UMY cvcssc s usssssressrros st e 20
Table 4.10: Planned waste collection by the local QUthority fOr 2005 ...........ococcccoorrooooosiomsrsi 21

Table 4.11: o Splion: of dISpySE BRBRIHL BB o iitscisiimsin s L e 23
Table 4.12; Schedule of charges for solid waste ik T =R o | 26
Table 4.13: Typical waste generation rates by health facilities for NWDC.............ccooerr 26
Table-4.14: Septic tank/conservatory ol b e T RN | NG IS I 29
Table 4.15: Effluent quality from different sources in Lt SR WO I 4 S 45 6 30
Table 4.16: Physical and chemical COMPARBIIE: (FC) coissscnssimsimmasomssns iibrossmsercossipessbtiammsss bl o 32
Table 4.17: Biological and ecological COMPONANE (B} .cwceiorpcrissssursiinesdibtstanermsmrmtoribior bt e 33
Table 4.18: Sociological and cultural COMPONBALS (BO0). coxcersescvonssbisisssmstismmmmmrmmmoseresbbtiriiasbihbe s 33
Table 4.19: Economical and operational CAMRONENIR JREN) v vousvsuorsmsiorsigbismsisssssss fosmisbtobeontor b b 33
Table 4.20: SFTVELY G BOORE. v sosponsrssptisissssunsmgon e omtriibensrmri b s LI L 33
Table 4.21: Waste management staffing of the Ngami Sub-district ... 39
Table 4.22; Waste management staffing of the Okavango SUb-dIStriCt ..................corroorrrrroooo 40
Table 4.23: Water and Wastewater Department il MO v, ST B 01 | 43
Table 4.24: Support departments in waste management and their roles...............c...ooovveereeovo 44
Table 4.25; Approved budget estimates for NWDGC L SRR R L . 45
Table 4.26: Investment budget for EHD g L SO N O ) L . 46
Table 4.27: Recurrent expenditure for waste ManNAgeMeNt SBIVICES .......cceererverreeeereoresesseeesssssesossees 46
Table 4.28: Investment budget for WWD SUHOG PRI .ooocovcntrssioeus edstirebiilaniissn s sbarb L 47
Table 4.29: Racurrent BXPNAIIE FOr WMDY .coususeneyirorcesppassiserieimestbiroones e b e e 47
Table 4.30: Projected and actual revenue from waste 20 MG TR £ 1 ¢ Eil L 48
Table 5.1:  Projected population for the Okavango REMSBI SHE ...........outbiseseemsneortsieriomssbosbois bt 50
Table 5.2:  Solid waste generation rates forecast ci el RN IRE TG | A L LG 50
Table 5.3: Projected wastewater generation rates, 2006-2011 ...............ooooooooororoooooooomsiso 51

Table 6.1; Strategy IMPIEMENtation ACHON PIAN................eeeeeeerreesoecereeossseoseeesesoosssssossisosee 68
Table 6.2: Required areas of specialization for waste gLE(rtva [ Ton [ Lo ANERARNIIL]] OIS Hoct A 016 MO0 A 1) o SR 75
Table 6.3:  Required areas of specialization for wastewater management.............ocoeevvveeeeeoeeooo 75
Table 6.4: Estimated COStS Of ProPOSEA ACHONS .......cc.uereurmumreerermeeeosmeesessseeossosoosssssesosson 77

List of Appendices
Appendix A: Proposed wastewater treatment pilot project: Septic tank/ constructed wetland coupled system
Appendix B: Proposed pilot project: Metal Can Recycling Centre

Appendix C: Open Dump with controls
Appendix D: Monitoring effluent quality and contamination of surface and groundwater sources

Aqualogic (Pty) Ltd iii
Plot 182 Unit 1, GICP; PO Box 403975, Gaborone
Phone/Fax: 31 80 216 /31 80 218

Email: info@agualogic.co.bw



ar Site Solid and Liguid Waste Strategy Project

Okavango Delta Rams
NWDC/EH/04/04

DEFINITIONS.’SCOPE
materials discarded by the community and shall

gSolid Waste: refers to all solid and semi-solid waste
ations and clinical waste streams.

include household, institutional!commercial, tour oper
material generated by communities that is determined 10 contain ‘free
ptic tank

ude sewage from on-site systems and off-site system (se

refers to any waste
y influent) and used lubricating oil

liquids' and shall incl
influent and effluent, conservator

Liquid Waste:
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EXECUTIVE SUMMARY

Improper management of solid and liquid waste presents two types of risk. The first and more obvious one is
the public health risk that may emerge as a result of transmission of Pathogenic organisms from waste to
humans. The second and perhaps less obvious one is the environmental risk as a result of contamination by
waste ar_1d waste by-products. In recent years, the human population in the Okavango Delta Ramsar Site has
grown significantly as a result the growth in the tourism industry. This population growth has resulted in an
increase in bot_h waste quantity and variability. However, these increases have not been accompanied by
correspondmg Improvements in waste management infrastructure and practices. The aim of this project is to
develop a solid and liquid waste management strategy for the Okavango Delta Ramsar Site that could lead to
improved waste management practices to minimize potential environmental impacts. The project
methodology involved waste characterization studies, key informants interviews, wastewater sampling and

Solid Waste

The main generators of solid waste are households, tourism operations, institutions and commercial
enterprises. It is estimated that the solid waste generation rate for the entire Okavango Delta Ramsar Site is
0.39kg/capita/day with the majority of it (72%) coming from households. A large component of the waste
generated is putrescible (64%).

There are a variety of primary storage containers currently in use including backyard pits, refuse bags,
galvanized metal bins with lid, pole mounted bins and predator proof bins. However, the majority of
households use backyard pits and/or have no primary storage containers, which makes their waste not
available for collection. Secondary storage is provided through skips in major settlements and transfer
stations in small villages. Some of the transfer stations are used for final disposal, resulting in over spilling of
the waste.

Primary collection of waste is largely door-to-door in cases where it is provided, with frequency of collection
that varies from once a day to once after seven months. Waste collection is mainly provided by the local
authority through compactor trucks, tractor and trailers and skip carriers. The local authority has contracted
out some of the waste collection service to private collectors and micro-enterprises. Despite these initiatives,
littering is prevalent and collection coverage is poor with only 20% households reporting regular collection.
Tourism operations in remote areas hardly receive any collection service. It has been established that the
local authority has enough collection capacity to collect all the waste generated during the strategy period.
However, the performance of local authority collection fleet is poor, as indicated by collection of 31% of the
waste they had planned to collect annually. This also raises issues of efficiency. While the private sector
manages to collect 173 tonnes/year with 1m?® of capacity, the local authority only manages 45 tonnes/year

with the same capacity.

Clinical waste is mainly treated through incineration. However, during the duration of this project, there was
only one working incinerator in the whole of the Okavango Delta Ramsar Site, resulting in most of the waste

being crudely incinerated or even dumped in ungazetted places,

Recycling initiatives exist at a small scale, mainly targeting steel metal cans. However, most tourism
operators are willing to separate their waste at source for recycling, with the major constraints being the
availability of markets for recyclables. Disposal of waste is predominately through open dumps either fenced
or unfenced. There are also incidences of illegal disposal. However a sanitary landfill has been constructed in

Maun and will soon be operational.

Liquid Waste

Typical wastewater generation rates were difficult to establish, but were assumed to be in the same
magnitude as the national average generation rate of 83 litres/capita/day. Most households do not use
waterborne sanitation systems. The majority of wastewater comes from institutions, commercial enterprises
and tourism operations, and is collected and treated through septic tank and soakaway syst_em. However,
there are limited capacity sewer networks in Maun, Boro Farm and Gumare. The effluent quality parameters
from the existing wastewater treatment systems are generally above the desired levels.

Used oil is mainly collected from on-site storage facilities for collection for recycling in So_uth Africa. It however
emerged that some of the used oil generators are not aware of the used oil waste collection network.
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Environmental Impact

The environmental impacts of the existing waste management practices are predominately negative ranging
from -72 and +32. The most severe impacts are threats to terrestrial and aquatic life followed by water

contamination and public health hazard.

Institutional Capacity

The main institutions responsible for solid and liquid waste are Environmental Health Department (EHD) and
Water and Wastewater Department (WWD). These departments are generally under-resourced in terms of
waste management skills. Generally, there is a disproportionate distribution of staff between the two Sub-
Districts of North West District Council (Okavango and Ngami), with the majority of staff stationed in Ngami
Sub-District. It was also revealed that proposals for investment in waste management through District
Development Plans are hardly approved for funding. The investment budget is expected to come from
national government disbursements. Apart from that, cost recovery initiatives yield minimum revenue. In the
case of solid waste; it only constitutes 1% of the waste collection recurrent budget.

Stakeholder perception

The general perception of most stakeholders is that waste management in the Okavango Delta Ramsar Site
is poor. However, improvements on the waste management service are expected to come from the local

authority.

Recommendations

This strategy covers a 5 year period from 2006 to 2011. The vision of the strategy is to increase investment in
waste management initiatives to improve service performance. It is anticipated that improved service
performance with public education will attract public attention to the importance of waste management, which
could lead to improved cost recovery. To realize this vision there is a general need to create the necessary
stakeholder linkages. The strategy proposes eight components towards improving waste management within

the Okavango Delta Ramsar Site.

Component 1 — Waste Information Systems

To facilitate planning and monitoring, it is proposed that information on waste quantity, fractions, collection,
treatment and disposal be recorded and stored in @ format that is easily accessible whenever it is required.

Component 2 — Waste Collection

It is proposed that to tacilitate collection, the local authority should develop a standard bin policy for different
categories of generators 0 make waste easily accessible for collection. The local authority should also
develop a prototype transfer station that will facilitate easy reception and removal of waste for possible
replication in small villages. It is also proposed that for settlements with more that 3,000 inhabitants, waste
collection services should be privatized, with micro-enterprises providing primary collection for other
sett!ements. The emphasis of local authority should be on providing secondary collection from transfer
stations to disposal sites. In the spirit of stakeholder linkages and participation, it is proposed that tourism
operations and the local authority should establish the tourism waste collection fund (TWCF) to finance waste
collection in remote tourism operations.

Component 3 — Waste treatment and disposal
The local authority should support local recycling initiatives throu iate i i i
| ; gh appropriate incentives. It is also proposed
t;at d|lns_tea\d of having numerous open dumps, which constitute numerous point sources of pollution,pang may
e lfflcult to close and rehablljtate properly in the long run, a centrally located disposal site should be
established for Okavango Sub-District with operational controls.

Component 4 — Liquid waste collection and treatment

While septic tank — soakaway system presents some risk to the envi it is sti
\ ; nvironment, it is still generally acce ted as a
viable wastewater treatment technology where there is no sewer network. It is recommended tha‘? all new
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wastewater management systems should be approved by the local authority before construction. Collection of
wastewater/sludge from remote tourism operations should be done through the TWCF. It is also proposed
that Maun sewer network should be upgraded to increase capacity and spatial coverage. The local authority
should install capacity to monitor water and effluent quality on a regular basis.

Component 5 - Institutional and logistical capacity

It is proposed that the EHD should be restructured to align it with its main mandate of solid waste
management. Management of wastewater from on-site systems should be the responsibility of the WWD. In
order to overcome some of the organizational procedures that often compromise service delivery, it is
proposed that waste management departments should have some autonomy in relation to funding and
budgeting. Appropriate manpower skills should be developed within waste management departments.

Component 6 — Cost recovery
It is recommended that an effective cost recovery policy should be developed. Variable charges on the
quantity of waste collected should be introduced for institutions, commercial enterprises and tourism

operations. It is also proposed that EHD and WWD should be given some leverage to use revenue from
service charges to augment their recurrent budget for waste management.

CGomponent 7 — Public education and awareness

Component 8 - Strategy implementation

An implementation action plan (IAP) has been developed towards the rearization_ o_f strategic inten?ipns.
Appartionment of responsibilities at different levels of the departments is prov.idet_d within the IAP to facilitate
the definition of roles within the organizational structure of waste management institutions.
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1 INTRODUCTION

Waste Management is a major practical undertaking. Most of the time, those involved in waste management
usually concentrate their energies on day-to-day issues. A major role of strategic planning is t0 provide an
opportunity for these and other stakeholders to take a step back from day-to-day problems and focus on
defining their vision for the future. At a national level, the Waste Management Act of 1998 requires local
authorities to prepare waste management plans covering the area under their control. The purpose of such
plans is to improve waste management processes and practices both in the short and long term. In particular,
the planning initiatives should be intended to protect public health and the natural environment. The Solid and
Liquid Waste Management Strategy presented here is a culmination of the national legislative requirements
as outlined above and the requirements of the Okavango Delta Management Plan (ODMP). The objective of
the ODMP is to develop a comprehensive, integrated management plan for the conservation and sustainable
use of the Okavango Delta and its surroundings. The ODMP is designed in thematic areas with twelve (12)
components, among them waste management, which is the subject of this strategy.

This strategy is expected inculcate among waste management stakeholders an understanding on where they
are in terms of waste management services by providing baseline information of existing waste management
systems and their benefits and/or limitations in terms of environmental protection of the Okavango Delta
Ramsar Site. It will also help them define where they want to be in five (5) years in terms of level of service,
technical input and resources to minimize the possible environmental impacts of waste generation. The
strategy covers the period 2006 to 2011.

1.1 Project Scope and Objectives

This Solid and Liquid Waste Strategy is for the Okavango Delta Ramsar Site (ODRS). The overall objective of
the strategy is to improve management of solid and liquid waste to minimize their current and potential harm
on the ODRS environment. More specifically the strategy;

i Compiles an inventory of existing waste streams from representative communities and tourism
operations within the ODRS.

i. Compiles an inventory of current waste management practices in the ODRS.
iii. Assesses the environmental impact of the existing waste management practices.
iv. Recommends strategic options for improving waste management in the next 5 years

v. Recommends potential pilot project(s) towards fulfilling strategic objectives.

1.2 Methodology

In order to fulfil the_ primary objectives of the project, the methodology employed was divided according to the
key parameters of investigation as outlined in the terms of reference. These were:

i, Solid waste quantity and composition

ii. Liquid waste quantity and effluent quality

ii. Existing waste management practices

iv. Environmental impact of existing waste management practices

v. Institutional and logistical capacity of waste management structures
vi. |dentification of best waste management options

The hrs’f four parameters above were investigated through fieldwork in the ODRS as well as analysis of
1nformatlon from s..econdary sources. The fieldwork was conducted at a number of sites selected to re ):'esent
a wide cross _sectlon of communities and tourism operators in the ODRS (Figure 1.1). The ap roachl:;s that
were used to investigate each of the parameters above are detailed in the following seciions. v
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Figure 1.1: Map showing project area and selected sampling sites

1.2.1 Solid waste quantity and composition

waste generation rates was made based on the information provided by the key informant(s) and that
obtained by the weighing programme. After weighing, the waste was disaggregated into seven (7). main
components of putrescible waste (food and garden waste), paper, plastic, glass, metal, textile and other to
establish their quantities through weighing. However, establishing the generation rate of clinical waste was
mainly informed by key informant interviews and a weighing protocol because of the special nature of the
waste. Key informant questions focused on incinerator capacity, where it existed, and number of times that it
is operated. Key informant interviews were also used to establish solid waste collection, treatment and
disposal systems, and were triangulated through observations.

The determination of quantity and composition of household waste was carried out by sampling the waste at
source. This involved supplying a given number of conveniently sampled households with plastic bags to
deposit their waste for 24 hrs (1 day), which was then collected daily for weighing and characterization. The
Process was repeated for the same households for 3 consecutive days. The characterization involved
identification of similar components as for institutional/commercial waste. The number of households selected
for sampling was 2% of established households in each community. The approximate number of households
in each community was derived by dividing the population of that community by 4.8, which is a representative
number of people in a household in Botswana (e.g. Population of Shorobe is 955: Number of households =
955/4.8 =199, 2% of 199 = 4). Where the settlement population is less than 300, all households were targeted
for sampling. Using the above computation the distribution of households in the selected communities was as
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follows: Sehitwa (10), Gumare (25), Shakawe (20), Seronga (7), Gudiwa (5), Khwai (5), Shorobe (4), Jao (5),
Xaxaba (9), totaling 80. The total number of samples from households for this survey was 270.

1.2.2 Liquid waste quantity and effluent quality

In cases where there is water metering, the monthly water reading (from water bills) was used 1o establishing
the wastewater generation rates. A generic estimation of wastewater flow rates as established by the
Botswana National Wastewater and Sanitation Master Plan (BNWSMP) is that 80%, 55% and 65% of water
used in residential, industrial/commercial and governmentlinstitutions becomes wastewater respectively. This
generic estimation was used where water metering was available. In places where there was no water
metering, the per capita generation rates as established by the BNWSMP and other generic information from
published literature was used t0 estimate wastewater generation rates. The quality of wastewater effluent was
established by taking samples for analysis of CcOoD, Total suspended solids, and Total phosphorus. The initial
idea was to analyse the effluent for BODs, and Ammonia-N as well. This was however not possible because
of lack of laboratories that could analyse these parameters in the project area. In cases where these tests
could not be done, wastewater quality was extrapolated from the data available from the BNWSMP. Data on
quantity of used lubricants was established through interviews with key informants (garage owners, backyard
mechanics etc.). Key informant interviews were also used to establish liquid waste collection, treatment and

disposal sysiems, and were triangulated through field observations.

1.2.3 Existing waste management systems and practices

Background information was mainly collected and compiled through field visits anchored on rapid appraisal
methods of key informant interviews, desktop surveys, direct field observations and mini-surveys. The
objective of this process was to develop a database On waste sources, waste management practices, key
stakeholders and other relevant information. It included a visit to Maun (Headquarters of North West District
Council) to identify and interview key informants for purposes of snowballing other key informants in
communities of study of Sehithwa, Gumare, Shakawe, Seronga, Gudingwa, Khwai, Shorobe, Jao and
Xaxaba. Key informants in these communities were interviewed on the principal parameters of investigation of
solid and liquid waste sources, existing management systems and practices and key stakeholders.
Questionnaires were developed for soliciting information from key informants on waste management systems
and practices. More specifically, questionnaires were developed for administration to institutions/commerce,

tourism operations and households.

1.24 Environmental impact of existing waste management practices

The Rapid Impact Assessment Matrix (RIAM) (Pastakia and Jensen, 1998), a technique that improves the
more descriptive previous assessment methods, was applied in this study. RIAM was preferred because it is
intuitive, systematic and quick to apply (particularly because it is a computerized technique that allows easy
and faster corrections). Perhaps the strength of RIAM lies in that impact assessments are quantified and can
be prgsented numerically and graphically. Essentially RIAM recognizes that certain specific criteria (e.g
magnitude, temporal status, reversibility and cumulativeness of impacts) are common to all impellci
as§es§ments, and by scaling these criteria it is possible to record the values of judgments in a matrix in an
objective and transparent way. The composite score known as Environmental Score (ES) varies between
+108 or +E and =108 or —E and signifies the severity of the impact as indicated in Table 1.1.

Table 1.1: RIAM scheme for rating the severity of environmental impacts
Environmental Score Range Band Description of Range Band

+72to +108 HE Major positive changefimpacts

+36to+71 +D Significant positive change/ impacts

+1910 +35 +C Moderately positive change/ impacts

+10to +18 +B Positive change / impacts

+1 to +9 +A Slightly positive change / impacts
Aqualogic (Pty) Ltd 3
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Environmental Score Range Band Description of Range Band
N J

0 No change/ Status quo/ Not applicable J
-1 t0-9 ) -A__ | Slightly negative change / impacts
-10t0-18 ] -B | Negative change / impacts q
-19t0-35 -C Moderately negative change/ impacts
-36to - 71 -D Significant negative change/ impacts
-72t0- 108 l -E Major negative change/fimpacts

Source: Pastakia, C. and Jensen, A. (1998)

The assessment criteria used with the RIAM technique fall into two groups:

score obtained.

The value ascribed to each of these groups of criteria is determined by the use of the formulae shown below.

(A1) x (A2) = AT (1)
(B1) + (B2) + (B3) =BT 2
(AT) x (BT) = ES (3)
Where:

(A1) and (A2) are the individual criteria scores for group A;

(B1), (B2) and (B3) are the individual criteria scores for group B;
AT is the result of multiplication of all (A) scores;

BT is the result of summation of all (B) scores; and

ES is the Environmental Score for the condition under study.

The judgments on each component are made in accordance with the criteria and scales shown in Table 1.2.

Table 1.2: Criteria for judging the significance of environmental impacts
Group Code | Criterion Scale | Description
4 Important to nationalf international interests
R S—— 3 Important to regional/ national interests
A1 oor? dition 2 Important to areas immediately outside the local condition
A. Criteria that are of 1 Important only to the local condition
importance to the 0 No importance
condition, that +3 Major positive benefit
individually can +2 Significant improvement in status quo
change the score Maghtide of +1 Improvement in status quo
obtained A2 g 0 No change/status quo

change or effect -1 Negative change to status quo

-2 Significant disbenefit of negative change

-3 Major disbenefit or change
1 No change/ Not applicable
B1 Permanence 2 Temporary
B. Criteria that are of 3 Permanent
value to the situation, 1 No change/ Not applicable
but should not s Reversible
individually be B2 | Reversibiity i Irr;’;bfe
ble of changin -
::ha: gcoereoo't:)tai:gd . 1 No change/ Not applicable
B3 Cumulative 2 Non-cumulative/ single
L 3 Cumulative/ Synergistic
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RIAM allows for the assessment of the key components of the environment in relation to the proposed
activity/project, as shown in Table 1.3.

Table 1.3: Key components of the environment

Environmental component Description

Physical/Chemical (PC) Physical and chemical aspects of the environment

BiologicaUEcologicaI (BE) Biological and ecological aspects of the environment

Sociological/Cultural (SC) Human aspects of the environment, including cultural aspects
Economic/Operational (EO) Economic consequences of environmental change, both temporary and permanent

h

1.2.5 Institutional and logistical capacity of waste management structures

The North West District Council, Environmental Health Department (EHD) is the designated authority for
managing solid waste in the project area, while the Water and Wastewater Department (WWD) is responsible
for sewerage. Institutional capacity assessment was established through an analytical framework made up of
the following attributes:
o Institutional Resources (importance in terms of the level in local authority structure, human resources
— staffing and qualifications, financial resources — percentage of total local authority budget and
distribution in relation to key performance areas, equipment),

o Institutional performance (fulfilment of assigned responsibilities, service delivery, networking and
inter-institutional linkages), and

o Institutional sustainability (organizational autonomy).
The above attributes were assessed through deskiop study and key informant interviews.

1.2.6 Identification of best waste management options

The waste management scenarios were development for any typeé of waste, based on the Best Practicable
Environmental Options (BPEO). To identify BPEO, a nine-step process of Defining objectives, Identifying
decision criteria, Developing scenarios, Applying constrains, Evaluating options, Weighting decision criteria,
Generating final option scores, and Identifying BPEO was adopted. The process was not followed linearly, but
used as a guiding tramework. Each option in BPEO included collection, processing and final disposal.
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2 WASTE MANAGEMENT POLICY AND LEGISLATIVE FRAMEWORK

21 Waste Management Policy

The main policy instruments for the management of solid and liquid waste are described below.

21171 Botswana’s Strategy for Waste Management of 1998

The central message of the strategy is that waste management in Botswana will be taken in a manner, which
adequately protects human health and the environment. It adopts the Waste Management Hierarchy as the
guiding principle. Among the key components of the hierarchy are; reduction of waste, reuse of waste
recycling of waste and final disposal. The other key principles adopted by the strategy are, the Prevention
Principle (emphasis on pollution prevention), the Polluter Pays Principle (costs of environmental damage must
be borne by those who caused the damage in the first place) and the Principle of Co-operation (emphasis on
stakeholder involvement). These principles are inline with international practice aimed at achieving best
practicable environmental options (BPEO).

212 Botswana Policy for Wastewater and Sanitation Management of 2001

The overall purpose of the Botswana Policy for Wastewater and Sanitation Management (BPWSM) is stated
as to promote the health and well-being of the population through the provision of appropriate and sustainable
wastewater/sanitation management. The policy also aims at introducing mechanisms for the protection and
conservation of water resources. Among the specific objectives of the policy are:

o To promote and develop appropriate, affordable and sustainable wastewater/sanitation systems in
both urban and rural contexts,

o To establish basic principles and guidelines for pricing and cost recovery for wastewater/sanitation
facilities.

The BPWSM culminated in the development of the Botswana National Master Plan for Wastewater and
Sanitation (BNMPWS).

2.2 Legislative framework

Although there is quite a number of legislation that is related to the environment in general, a limited number
specifically relates to waste. Among others, these are:
o Public Health Act of 1981: provides for the regulation of sanitation, housing and the protection of
water supplies,
o The Waste Management Act of 1998: makes provision for efficient waste management so as to

prevent harm to human, animal and plant life and to minimize pollution of the environment, to
preserve the natural resources and to cause provisions of the Basel Convention to prevail.

The Waste Management Act of 1998 provides for the establishment of the Department of Sanitation and
Waste Management (now Department of Waste Management and Pollution control) in the Ministry of Local
Government to oversee and regulate sanitation and waste management. It embodies regulatory measures,
which are aimed at managing controlled waste to minimize impact on human, animal and plant life. Primarily,
the Act:
o Sets out the institutional framework, with local authorities designated as collection and disposal
authorities of all the controlled waste in their area of jurisdiction.

o Requires local authorities to prepare waste management plans.

o Empowers a local authority to collect and dispose all waste other than household waste at an agreed
fee.
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o Requires the local authority to deliver all the waste it collects to a licensed waste management facility,
with the exception of any household waste, which the local authority may decide to retain for
recycling.

o Sets out penalties for non-compliance with some aspects of the Act. For example, operating a waste
management facility without a license carries a fine not exceeding P8000 or imprisonment not
exceeding seven years.

However, there are no incentives or disincentives for local authorities (councils) to comply with the provisions
Waste Management Act through the formulation and implementation of waste management plans. This lack
of incentives and/or disincentives can limit the councils’ participation in developing and implementing waste
management plans.
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3 DESCRIPTION OF THE PROJECT AREA
3.1 Physical Boundaries of the Okavango Delta Ramsar Site

The project area boundaries are as demarcated and shown previously in Figure 1.1.

3.2 Topography, Climate, Geology, Hydrogeology and Vulnerability of Water
327 Topography

The Okavango Delta Ramsar Site can be characterized as a gently sloping alluvial fan situated in a graben
structure. Typical topographic gradients are on the order of 1/5000. The site generally displays a very low
topographic relief. Some isolated rock outcrops (Tsodilo Hills, Geoha Hills) rise about 100 m above the
surrounding plain, whereas the elevation of the plain varies between 1,025m in Mohembo and 920m in the

322 Climate

The climate of the Okavango Delta Ramsar Site can be characterized as semi-arid to arid. Rainfall is
generally increasing from southwest to northeast and annual rainfall is strongly seasonal. The major part of
the rainfall occurs between November and March. Rainfall is unreliable and the inter-annual variability of
rainfall is large. Annual precipitation varies between 250 mm and almost 1000 mm. Unreliable rainfall causes
significant risks for water supply, cattle farming and agriculture in the region. In some years, flooding causes
problems, particularly when strong local rainfalls coincide with large discharges in the Okavango River.

3.2.3 Geology

The Okavango Delta Ramsar site is located in the Kalahari sedimentary basin. The Kalahari group sediments
are underlain by Precambrian basement rocks and the Carboniferous to Jurassic Karoo supergroup, though,
in places, the Precambrian rocks lie unconformably beneath the Kalahari sediments. A number of faults cut
through the project area and define the structural framework of the region. The Okavango Delta region
displays considerable seismic activity and neo-tectonics are believed to have significant influence on surface
water dispersal in the Okavango Delta.

The Okavango Graben structure, which hosts the Okavango Delta, is presently delineated by the
Thamalakane and Kunyere faults to the southeast and the Gumare fault to the northwest. The Thamalakane
and Kunyere faults downthrow to the northwest, whereas the Gumare fault downthrows to the southeast. The
thickness of the Kalahari beds is increasing from the Gumare fault towards the Kunyere fault. In addition to
these major fault lines a secondary set of northwest-to-southeast trending faults exists. Its most prominent
expressions are the two faults confining the Panhandle floodplain. In the area between the Kunyere and
Thamalakane faults, river valleys (Shashe, Nxotega etc.) are associated with the secondary lineament trends.

324 Hydrogeology

The hydrogeology of the Okavango Delta Ramsar site is characterized by a close connection between the
swamp waters of the Okavango Delta and the surrounding shallow unconfined aquifers. The streams and
floodplains in the Okavango Delta continuously lose water that infiltrates into the shallow aquifers, feeding a
fringe of dense riverine vegetation. Another characteristic feature of the hydrogeology in the region are very
pronounced salinity contrasts between the shallow unconfined aquifers that are connected to the rivers and
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floodplains and the stagnant groundwater in the interfluve areas. Whereas the groundwater salinity in the
interfluve areas ranges from about 10 g/l to about 40 g/l, the water quality next to the rivers and floodplains is
generally high and the salinity does not exceed 1 g/l.

Groundwater flow in the Okavango Delta region is generally directed from the flooded areas towards the
drylands. At the interface between the flooded areas and the drylands, a pelt of lush, vigorous riverine
groundwater—fed vegetation is found. The transpirative demand by the riverine vegetation establishes strong
hydraulic gradients that in turn trigger infiltration from the surface water bodies into the shallow unconfined

aquifer.

325 Vulnerability of surface and groundwater

The surface water resources in the Okavango Delta Ramsar Site are generally highly vulnerable. Traveling
times in the surface water system are rather short (typical flow velocities on the order of 1-10 km/d), the
dilution potential in some of the minor channels of the Delta is rather low due to low discharge and some of
the water intake points of the various lodges and tourist resorts are quite close to each other, thus posing
problems of cross-contamination. Since the surface water in the floodplains is stagnant and exposed o
abundant sunlight, there is a great potential for nutrients to cause toxic algal blooms. Prevention of
eutrophication and nutrient discharge into surface waters should therefore be a priority for wastewater

management in the region.

Moreover, McCarthy et al. (2004) pointed out that wastewater disposal into surface waters of artificial
wetlands creates the risk of pathogens being spread by animals. It is virtually impossible to prevent wild
animals from passing through certain areas without seriously disturbing the wild character of the area, which
is one of the prime tourist asset of the Delta. Wastewater discharge into controlled artificial wetlands or ponds

is therefore no attractive option.

The shallow groundwater of the Okavango Delta Ramsar Site can be divided into young freshwater parts and
old, stagnant saline parts. Wastewater discharge into the freshwater pockets appears to be a bad option, as
groundwater travelling times are short, wastewater may re-emerge in surface water bodies elsewhere and the
injected wastewater may spoil water supply wells drilled into the fresh aquifer. As pointed out by McCarthy et
al. (2004), wastewater disposal into the saline patches located on islands may be a good option. Their
conclusion was based on a groundwater model of Chitabe lsland and the surrounding floodplains. However,
their model did only consider one vertical layer and did not resolve possible vertical variations in the flow field.
Depending on the magnitude of the regional hydraulic gradient relative to the transpirative demand of the
island, several flow patterns may be established below an island. Due to the lack of vertical discretization,
McCarthy et al. (2004) basically considered a situation as depicted in the lowest panel of Figure 3.1. Such a
situation emerges as an attractive solution for wastewater disposal, since all the streamlines are directed into
the island and no large-scale dispersal of contamination can occur. If, however, the situation is more like in
the second panel, wastewater could diffuse into the regional flow field and cause large-scale contamination.

ls}ands in the Okavango Delta vary with respect to the flow pattern and all intermediate stages depicted in
Figure 3.1 are probably present. It is difficult to a priori establish the conditions on an island considered for
wastewater disposal. Therefore wastewater disposal on islands has some inherent risks.

The most secure option for wastewater disposal is into the massive saline water bodies of the interfluve
areas. Wate.r in saline interfluve areas is old and stagnant (Bauer et al., 2006b), and residence times of the
wasftewa_tfar is probably on the order of several thousand years. Appropriate saline portions of the aquifer can
be |dent.|fn?d_from AEM data. Due to flood hazards, most lodges are located close to large interfluve areas
(e.g. Chief's island) and wastewater disposal into massive saltwater bodies should therefore be feasible

Aqualogic (Pty) Ltd
Plot 182 Unit 1, GICP; PO Box 403975, Gaborone "
Phone/Fax: 31 80 216 /31 80 218
Email: info@aqualogic.co.bw



Okavango Delta Ramsar Site Sokid and Liquid Waste Strategy Project
NWDC/EH/04/04
DRAFT

0.1

z/L

Q5+
0.1

z/L

z/L

z/L

z/L

x/L

Figure 3.1: Vertical cross section through an island

NOTE: The magnitude of the regional hydraulic gradient is decreasing from top to bottom. Blue lines are
streamlines, black lines are equipotential lines.

3.3 Settlement and Population Patterns

The Main population centers in the ODRS are around the Okavango Delta almost taking a similar distribution
pattern as that of the delta itself over a wide spatial area. However, the majority of these centers are to the
west and south of the delta along the main road (See Figure 1.1). Table 3.1 shows the population of these
centers as recorded by 2001 Population and Housing Census and their projections for 2011, which is the end
of the strategy period. It is clear from 2001 population statistics shown in Table 3.1 that the main population
centers are Maun (43,776), Gumare (6,067), Shakawe (4,389) and Etsha 6 (2,629). The rest of the population
is scattered in smaller settlements of 1,500 people and less.

Table 3.1: Main settlements and population distribution in the ODRS
Population | Projected Population Population Projected
Retiamant 2001 2011 Settiomsst 2001 Population 2011
Boro 842 816 Gumare 6 067 7927
Kareng 599 580 lkoga 699 913
Matlapana 1169 1133 Kauxwhi 859 1122
Maun 43776 42 411 Mohembo East 580 758
Aqualogic (Pty) Ltd 10
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2001 2011 2001 Population 2011
W-m_-n_ 1299 1697
Mﬂ- 517 Ngarage 048 1239
955 925 Nokaneng 1500 2078
" 509 493 Nxamasere 1328 1735
1290 1250 Roye 847 1107
760 993 Samochema 615 804
732 956 Sekondomboro 655 856
(Ehatd | 1975 2 581 Sepopa 1519 1985
[Eshat | 2629 3435 Seronga 1 641 2144
m-ﬁ_ 802 Shakawe 4 389 5735
“Fiha8 | 603 | 657 Shaowe 567 728
m@_-ﬁ_ 661 Xakao 1049 1371
44 947

7 T M B P o [ohes | 4053

Source: Central Statistics Office (2005)

3.4 Economy and Tourism

The majority of the population in the Okavango Delta Ramsar Site depends directly on the utilization of
natural resources of the Okavango delta for subsistence. Fishing, hunting, livestock grazing, floodplain
cultivation and collection of raw materials for building, fuel, and the production of handicrafts are important
factors of the local economy. Arable agriculture is practiced in Ngamiland mainly at a subsistence level, as
soils and climate are generally not well suited for crop production. At the fringes of the Delta small-scale flood
recession (molapo) farming is a common activity. The grazing resources are generally good in the dry land
areas. However, the availability of water and the occurrence of tsetse fly close to the Delta have historically
restricted the development of the livestock sector. The Okavango Delta itself is a livestock free zone.

Apart from the above subsistence activities, formal sector employment in Ngamiland East and West stood at
19,046 (15%) in 2001 (CSO 2001). The main employers were public administration at 23% and Retail and
Wholesale. In addition, the government of Botswana undertakes various developmental activities in
Okavango Delta Ramsar Site ranging from the efforts of local authorities (land allocation, primary education,
primary health care, community development, etc.) to the activities of devolved central government institutions
such as protected areas’ management, Community Based Natural Resources Management (CBNRM), road
construction, agricultural development and promotion of small and medium enterprises. All of these
interventions relate to the management of the Okavango Delta and play a role in the development of the
district in general and of the CBNRM and tourism activities in particular.

The outstanding natural beauty and the abundant wildlife resources form the basis of a fast growing tourism
industry, which is offering alternative employment opportunities o people in the rural communities of
Ngamiland District. The tourism industry in and around the Delta mainly consists of close 120 lodgings with
about 1000 beds comprising of; guest lodges, luxury photographic lodges, tented camps and few budget type
facilities and hunting camps. Mostly, the luxury photographic lodges and tented camps have small bed-night
capgcities and this is in keeping with government's policy of ‘high value low volume' tourism which results in
relatively }ow tourist volumes, high returns for relatively few entrepreneurs and substantive regard for the
conservation of the Okavango ecosystem. It is estimated that on average, 50 000 tourists visit the Okavango
Delta every year (Mbaiwa 2002). This estimation is based on the number of tourists that pass through Moremi
Sggexiﬁzﬁ:. 'fr_able 3.? s_po;;rs ghe number of tourists that visited Moremi Game reserve between 1995 and
L i e figures in Table 3.2 show. iability i ist visi i i
ol HETE foF o rhife ows variability in tourist visits, the established figure of 50 000 looks

Table 3.2: Total number of tourists who visited Moremi Game Reserve, 1995-2001
Year Number of Tourists
1995 36,074
1996 38,204
1997 42 987 ]
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Number of Tourists |
49,556

46,707

30,835

31,076

Source: Mbaiwa (2002)

This tourist turnover in the Okavango Delta has created employment for the population in and around the
ODRS. Even though there appears not to be a consensus on the number of jobs created by the tourism in the
ODRS, mainly because some of them are seasonal, Mbaiwa (2002) established that about 1650 people were
employed by the tourism sector in the Okavango Delta in 2001. The disaggregating of the jobs by the nature
of tourism business and whether they are permanent or seasonal is provided in Table 3.3. The majority of the
jobs (91%) are permanent and most of them are in accommodation and lodging.

Table 3.3: Number of workers in tourism businesses, 2001
Type of Workers Safari camps/lodges Tourism businesses (Maun) Totals Percentage
Permanent 872 631 1503 91
Seasonal 51 96 147 9
Totals 923 727 1650 100

Source: Mbaiwa (2002)
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4 _ REVIEW OF EXISTING WASTE MANGEMENT SITUATION
41 Solid Waste

This section discusses the current solid waste management practices in the Okavango Delta Ramsar Site. By
solid waste, we refer 10 all solid and semi-solid waste materials generated and discarded by communities and
include household, institutional, tour operations and clinical waste streams.

4.1.1 Household Solid Waste Quantity and Composition

The household quantity and composition survey obtained 261 samples daily from 87 households in different
settlements as selected in the methodology. The collected samples were sorted into a 7 class categorization
system of putrescible, paper, plastic, glass, metal, textile and other.

From the analysis of survey data, it was found that the average waste generated in the selected settlements
is 0.22 kg/capita/day. The established household waste generation rate is comparable to the household waste
generation rate established for Gaborone of 0.33kg/capita/day (Bolaane and Ali 2004). The main difference
petween the waste generation rate tor Gaborone and that of selected settlements in the Okavango Delta
Ramsar Site could be brought about by that the selected settlements are predominantly rural and may be
experiencing different economic conditions and life styles to those prevalent in Gaborone.

However, considering that the main settlement in the Okavango Delta Ramsar, Maun, was not included in
estimating the waste generation rate, it is possible that the actual rate within the site is higher than
0.22kg/capita/day and less than that of Gaborone of 0.33kg/capita/day- It is therefore not an unreasonable
estimation to assume that for planning purposes, the household waste generation rate for the Okavango Delta
Ramsar Site lies in range between 0.22kg/capita/day and 0.33kg/capita/day, which is 0.28kg/capita/day. This
waste generation raté is comparable to that established by Ecosurv (2003) for the North West District Council
when they estimated the household waste generation rate to lie between 0.18 and 0.28kg/capita/day.

Figure 4.1 shows the average composition of household waste in the selected sites in the Okavango Delta
Ramsar Site. As shown in the figure, putrescible waste, at 63.75% of the total waste generated, constituted
the largest portion of household waste, which is as expected in @ developing country. It can also be observed
from the figure that the components that are often a target for recycling of paper (8.43%), plastic (7.90%),
glass (9.04%) and metal (5.43%) represent a significant component of the waste stream.

An assessment of household waste generation rate by material component, based on the assumed generate
rate of 0.28kg/capita/day, is reflected in Table 4.1, and shows that the highest average generation rate was
that of putrescibles at 0.18kg/capita/day. A combined average generation rate for the traditional recyclables of
paper, glass, plastic and metal was 0.086kg/capita/day.
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Figure 4.1: Household waste composition
Table 4.1: Waste generation rates by components
[ Waste component Waste composition | Actual generation rate | Assumed generation rate
(%) _(kglcapitalday) (kglcapitalday)*
Putrescibles 63.75 0.140 0.179
Paper 8.43 0.019 0.024
Glass 9.04 0.020 0.025
Metal 543 0.012 0.015
Plastic 7.90 0.017 0.022
Textile 4.58 0.010 0.013
Other 0.86 0.002 0.002
Total 100.00 0.22 0.28

* Includes potential generation rate for Maun

Using the projected population of 129,652 and an assumed generation rate for the entire Okavango Delta
Ramsar Site for 2008, the total household waste generated by components can be distributed as shown in
Table 4.2. The total waste generated is 36 tonnes with the majority of it being putrescibles at 23 tonnes.

Table 4.2: Estimated waste generation rate for 2006
Waste component Assumed generation rate | Total waste generated daily
(kg/capital/day)* (kg/day)
Putrescibles 0.179 23208
Paper 0.024 3112
Glass 0.025 3 241
Aqualogic (Pty) Ltd 14
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4.1.2 Solid Waste from Commerce, Institutions and Tourism Operations

mposition for commerce, institutions and tourism operations was collected from

Data of waste quantity and co
a variety and cross section of these enterprises from selected settlements. Analysis of these data showed

waste generation rates as shown in Table 4.3.

Table 4.3: Waste generation rates for commerce, institutions and tourism operations

Waste generation rate

Commercellnstitutions Tour operations
kalbed/da

0.60

| ]

0.05

L e

0.08

0.7

0.04

|

0.06

Waste component

Putrescible

Textle

" Other

4.1.3 Total waste generation rate

The total waste generation rate for the Okavango Delta Ramsar Site was established by adding the waste

generation raté for households, commerce/institutions and tourism operations and is shown in Table 4.4. 1t
ated for the Okavango Delta Ramsar Site is 18,305 tonnes/year,

was established that the total waste gener
which represents an average waste generation rate of 0.39kg/capita/day - The majority of the waste (72%)

comes from households.

Table 4.4: Total waste generated in the ODRS

Generation rate in 2006
(tonnes/year)

Waste source

13 250
Commerce/Institutions 4745
Tourism operation 310

Tourism operaton |
TOTAL 18 305

4.1.4 Primary and Secondary Storage

The local authority does not have a primary storage bin standardization policy. There are various types of
primary storage containers currently in use. These containers vary across sectors and areas. They range
from black refuse bags, red refuse bags (clinical waste), 100-210 litre galvanized metal (see Figure 4.4) and
plastic bins (with or without lids), predator proof (mainly in parks and reserves, but also at some lodges and
camps) (see Figure 4.2), predator proof pole-mounted bins (see Figure 4.3). In addition to primary storage
containers, some secondary storage containers such as transfer stations and skips are used in some villages.
A typical transfer station is made up of brick roofed structure with a lockable gate (see Figure 4.5). Transfer
stations (refuse bays) have been provided in nine (9) settlements. Table 4.5 shows settlements provided with
transfer stations in the district. It was however observed that there appears to be limited understanding on the
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primary purpose of transfer stations, since they were hardly emptied. It addition,
inaccessible areas as if they are supposed to be permanent disposal sites.

Figure 4.2: Typical predator proof cage

¥ B :
i BEE S ok aa

Fighre 4.3: Typical predator proof pole-mounted bin

some of them are located in
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Typical galvanized steel bin

Figure 4.5: Typical transfer station (Khwai)
Table 4.5 Settlements with transfer stations
Sub-District Settlement Fenced/unfenced
Ngami Khwai Fenced
Mababe Fenced
Sankoyo Fenced
Shorobe Fenced
Matsaodi Fenced
Phuduhudu Fenced
Makalamabedi Fenced
Toteng Unfenced
Legotlhwana Unfenced

Aqualogic (Pty) Ltd
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‘| Sub-District Settlement Fenced/unfenced
Okavango Qangwa Fenced
Habu Fenced
Nokaneng Fenced
Etsha 6 Fenced
Etsha 13 Fenced
lkoga Fenced
Nxamasere Fenced
Ghani Fenced
Xakao Fenced

The household survey revealed that 64.7% of households use backyard pits for storage and final disposal of
their waste, while 22.4% used refuse bags. Storage of waste in backyard pits does not facilitate collection.
This essentially means that only 22.4% of household waste from communities that participated in the survey
could possibly be collected for safer disposal.

4.1.5 Collection

The EHD is the designated authority for waste collection for both Ngami and Okavango Sub-districts. It is
responsible for collecting waste from households, institutions and commercial enterprises. Table 4.6 shows
the existing waste collection fleet at the disposal of the two EHDs of the North West District Council. Most of
the equipment is fairly new. For example, in Ngami Sub-District, out of the nine (9) vehicles used for solid
waste collection, seven (7) are less than 10 years old and only three (3) are reported to be in bad condition.
However, the type of equipment such as large compactor trucks is probably difficult to use in the prevailing
conditions of difficult terrain, poor and sandy roads and sparsely distributed settlements with no established
pattern of street network. In addition, the waste stream that is mainly characterized by putrescibles, with lower
compaction ratio.

Table 4.6: Current waste management equipment for North West District Council
| Sub-District Registration Make/Type of equipment Year of purchase | Capacity
Ngami B 366 ADP Nissan Compactor 1995 17m
B 931 AES Toyota Compactor 1998 17 m3
B 929 AES Nissan Compactor 1998 17 md
B 190 AGS Nissan Compactor 2000 17 md
B540 AIW Toyota Compactor 2003 17 m3
B 295 AIB Skip Truck 2002 -
B 595 ADT Skip Trailer 1997 6 m3
B 880/947 AIX Tractor and Trailor 2003 5md
B 331 ADJ Tractor 1994 -
B 569 AIT Nissan Vacuum Tanker 2003 7 000 litres
B 680 AEY Mercedes Vacuum Tanker 1998 7 000 litres
Okavango B 884 AH Hino Compactor Truck 2002 17 m3
B 854 AIT Hino Compactor Truck 2003 17 ms
il B192AGR 16-224LA Vacuum Tanker | 2000 3 000 fitres

The council has privatized some of its waste collection service. Private contractors have been engaged to
collect waste in four service areas of Maun to four separate private entities. The contractors involved are
Wave Sanitation Services, DM Environmental Services, Cleaning Wizards and Base Agencies. In addition to
these large-scale contractors, micro-entrepreneurs using indigenous technology of donkey carts have also
been contracted out to collect waste in some small villages to transfer stations and/or final disposal sites.
Table 4.7 shows settlements that use donkey carts for collection service. The actual performance of this
method of waste collection is unknown. It has however been reported by service recipients that it is
inadequate and irregular, because of frequent breakdown of donkey carts.
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Table 4.7: Settlements that use donkey carts for collection
Sub-district Settlement Number of donkey carts Freﬁuenﬁ of collection
Ngami Sehithwa 2 Once weekl
Tsau 2 Once week!
Toten 2 Once weekl
Makalamabedi 1 Once weekl
Okavango Etsha 6 1 Twice weekl
Etsha 13 1 Twice week!
Nokanen 1 Twice weekl
Mxamasere 1 Twice week!
Seronga 1 Twice weekl

rviewed reported that they were not

Despite these micro-enterprises initiatives, 80% of households inte
ho do not receive a collection service

receiving any collection service. The majority of households (67%) W
reported that they burn their waste in backyard pits

Collection service provided by both the EHD and private contractors is largely door-to-door. The frequency of
collection where it is provided by EHD varies from daily to once & week (for commercial enterprises and
households in Maun respectively), while in other settlements it varies from once a month to once in seven
months. Of the 20% of households who reported to be receiving a collection service from the local authority,
59% of them received it once a month. In Khwai Village, it was reported that waste from the transfer station
had not been collected for seven months, hence an over spill that is even an eyesore (see Figure 4.5).

It was however apparent that collection service is hardly provided for tourism operations, such as lodges and
camps. Most of these operations collect their waste for disposal through their own private arrangements. This
is probably understandable because of the geographical spread and remoteness of these operations. There is
also a provision in the Waste Management Act of 1998 that the local authority can rely upon for not extending
collection service 10 such operations. Section 29(1) of the Act reads ‘A local authority shall, at a prescribed
fee, arrange for the collection and disposal of all household waste in its area except waste which is situated at
a place which in the opinion of the local authority is isolated, inaccessible, or which is produced in small
quantities that the cost of collecting it would be high, or that the person who controls the waste is capable of
collecting it’. While this legislative exception is understandable, it should probably be viewed differently in

ODRS because it is heartland of Botswana’s tourist industry and poor waste management could compromise
its attractiveness as a tourist attraction.

4.1.6 Wasie collection equipment performance

There is no monitoring of performance of waste collection fleet. However, on the basis of the information
provided by the waste collection sector, and assumption from solid waste literature, the approximate quantity
of waste collected for disposal at designated disposal sites is as shown in Table 4.8. The table shows that the
approximate quantity of waste collected in ODRS by both the public sector and private sector initiatives is
7,827.7 tonnes/year. It was established earlier in Table 4.3 that the total waste generated in the ODRS is
18,305 tonnes/year. This represents a waste collection rate of approximately 43%, which is relatively poor.

Actual performance of local authority waste collection fleet is shown is Table 4.9. The total waste collected by
local authority fleet is 6357.46 tonnes for 2005. However, the planned waste collection for the local authority
fleet for _2005 as shown in Table 4.10 was 20,715.68 tonnes. This represents a collection performance rate of
31°(o. This is relatively poor and is mainly attributed to continuous breakdown of collection equipment, and low
maintenance turnover. It should however be noted that, the planned quantities of waste to be collectéd by the
local authority equipment of 20,715.68 tonnes/year, exceeds the quantity of waste generated annually over
the strategy period. This essentially means that the local authority alone has enough collection capacity to
collgct all the waste within the Okavango Delta over the strategy period. The low level of performance can be
attributed to underutilization of equipment at their disposal. Collection performance information in Table 4.10
shows that the private sector collects 173 tonnes/year with 1 m® capacity, while the local authority collects.45
tonnes/year with the same amount of capacity.
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4.1.7 Reuse and Recycling

The EHD is not directly involved in any reuse and recycling activities. However, there are some individual and
private sector initiatives that could be complemented. There are indications that recyclables such as plastic and

Tour operators generally practice separation of solid waste at source. The waste is sorted and stored in different
components of glass, plastic, paper and metal cans. Figure 4.6 shows typical separation of solid waste at source
at lodges and campsites. The object of this exercise is essentially to enhance recycling, but is proving to be a
futile exercise because the source separated materials are finally disposed at dumpsite with the rest of the waste
stream. The main constraints to recycling the materials separated could be the markets for such materials and
associated transportation costs. The variables have been established as the main barriers to recycling (Bolaane

and Ali 2005).

Figure 4.6: Waste separation at lodges/campsites

4.1.8 Disposal

At the time of the fieldwork, Maun landfill was still under construction but nearing completion. Hen'ce waste
collected by the local authority was mainly disposed through open dumping. Figure 4.7 shows a typical open
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Table 4.11: Description of some disposal sites in use
___———____—-————'—_'7/_‘
UTM coordinates (z34) Distance from|  Approx.
Settlement | Type ‘;ﬂ":: collection remaining \:;a';:e b(:;e!:
_ X ¥ points (km) | life span piexing s
Maun Village Dump Site 756163 7780341 | Unfenced 8 1 Yes Yes |
Tsau . - 10 000 8 10 No Yes
_ Village Dump Site 674884 7742006 | 10000 45 7 No Yes
Sehithwa lllegal Dump site 677253 7737812 b
- lllegal Dump site 677093 7737812
oteng 3600 3 4
: Ye Y

Sharohe Refuse Transfgr Station 779654 7813435 : -

lllegal Dump site 779684 7813462

Village Dump Site 618927 7850436 | Fenced 10
Gumare lllegal Dump site 621216 7850436 S = =

lllegal Dump site 622113 7857263
I;l::sl;angng Fenced 8 Unknown No Yes
=l a Fenced 15 Unknown No Yes

masere Fenced 7 Unknown No Yes
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UTM i Distance from| A ;
Settioment | Typs coordinates (234) (Amrf)a collbtion . nﬁ:irrﬁﬁ . v'vas.te Open
_ - X Y points (km) | life span | Picking | buming
Village Dump Site 578772 7976132 | Fenced 7 Unknown | No Yes |
Shakawe lllegal Dump site 580765 7976444
llegal Dump site 581007 7976747
Seronga Village Dump Site 655351 7916544 | Fenced 8 Unknown N Y
Mogotiho | Refuse Transfer Station | 621974 7951024 | P o

fr"l addition tol designated disposal sites as outlined in Table 4.11, some of the waste that is not collected is
d:spose_d of in backyard pits. In many cases, waste in the pits is burnt causing smoke and possible air
contamination. Figure 4.8 shows a typical backyard pit at a campsite.

Figure 4.8: Typical backyard pit

In addition to the disposal practices outlined above, there are other waste treatment options being used. These
practices are referred to as controlled burning of waste or incineration. There is only one incinerator located at
Maun General Hospital to treat clinical and hazardous waste from the entire district. Consequently, there are
possible unacceptable levels of contamination in parts of settlements in the ODRS. However, the new Maun
landfill is equipped with an incinerator with a capacity to treat 160kg/hr of waste. This is expected to complement
the treatment facility at the hospital. Another treatment facility, ‘rudimentary incinerator’, was found at Camp
Moremi lodge. Figure 4.9 shows a picture of the incinerator. The incinerator is reported to be working well and
can handle both combustible and putrescible waste quite effectively. There is a possibility that this technology
could be replicated by other remotely located waste generators with waste of similar characteristics and
magnitude to that produced at Camp Moremi.
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Figure 4.9: ‘Rudimentary’ incinerator

4.1.9 Littering

Littering is another form of waste disposal albeit not permissible. The practice is wide spread in the ODRS and
manifests itself in many forms. The majority of households interviewed (39%) cited littering as the main waste
management problem, particularly in settlements. Beverage cans and plastic were reported to be the main
constituent of litter. Community residents and local fishermen in particular, were cited as the main culprits when it
comes to littering. Some littering was also attributed to the nature of primary storage containers. For example,
refuse bags were reported to often burst open when transported in open vehicles over long distances, hence
spreading litter. In addition, wild animals like baboons were reported to often invade waste receptacles in
wilderness areas and often spreading litter. In addition, some of the waste that is collected is disposed of ilegally
at non-designated places. Figure 4.10 shows a typical case of illegal dumping.

Figure 4.10: lllegal dumping
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4.1.710 Solid waste collection user fees

The local authority does not provide solid waste collection free of charge. Table 4.12 shows the schedule of fees
charged by the local authority for solid waste collection. While cost recovery is an important component of
sustainable waste management, it could possibly encourage illegal disposal depending on the level at which the
fees are set. The fees are flat rates and are not dependent upon the quantity or components of waste generated.
This could be a disincentive for reduction of waste that is generated.

The current practice is to pay on demand of service. Usually waste generators (households and commercial
premises) who want their waste to be collected will approach the local authority and pay the required fee, either
for a month or for the whole year. During financial year 2005/06 a total of 51 households and 43 commercial
enterprises paid for waste collection.

Table 4.12: Schedule of charges for solid waste collection

Type of propertylgenerator Collection charge
Residential P5.00/month
Lodges, bars, liquor restaurants, hotels, furniture shops, wholesalers P120.00/month

Bottle Store, hardware, hair salon, fresh produce, filling station, takeaways P100.00/month
Government offices, government schools, private schools, hospitals, clinics | P100.00/month
Skip hire P150.00/month
Scraps removals P20.00/scrap

4.1.17 Clinical Waste

Clinical waste is universally stored in red plastic bags except for sharp containers. In Gumare, the Environmental
Health and Sanitation Department has a clinical waste collection van that collects the waste from clinics in
Okavango Sub-District. Other health facilities, clinics and health posts that do not get a collection service, dispose
of their clinical waste in a variety of ways including;

o Burning outside the clinic on the ground, in a drum or pit
o Transporting to Maun Hospital for incineration
o Adding to the household waste for collection with no treatment at all

The actual quantity of waste generated was difficult to establish, because in most cases during the fieldwork, the
waste would either have been burnt or collected. However, a study on medical wastes in Botswana (GoB 1996)
established the waste generation rates shown in Table 4.13 for different types of health facilities.

Table 4.13: Typical waste generation rates by health facilities for NWDC

i Waste generation rate by type

Typoof hiealth faailfty Clinical (kg/day) Sharpsg(boxes) Municipal solid waste (kg/day)
General hospitals 92 1.83 366

Primary hospitals 15,5 0.31 62

Clinics with beds 20 0.07 40

Clinics 15 0.07 30

Health posts 2 0.03 10

Doctors 25 0.03 5

Source: GoB (1996).
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4.1.12 Emerging Issues

A synthesis of the discussions on solid waste reveals the following issues that the strategy has to address:
o Information on waste management is hardly kept, and where it exist is of poor quality

o Primary waste storage facilities are poor and are an impediment to effective waste collection

o Ingeneral, collection coverage is poor

o Waste collection is hardly provided for tourism operations

o Collection of waste from transfer stations is poor. This is probably exacerbated by that the design does
not facilitate easy emptying.

o The emphasis on local authority equipment is on compactor trucks, that is probably not suited for poor
roads and type of waste generated

o Performance of local authority collection fleet is poor

o The local authority espouses privatization of waste collection service, including the use indigenous

technology such as donkey carts

While the use of indigenous technology of donkey carts is welcome development, it appears ineffective

o Disposal of waste is mainly through backyard pits and open dumping

o Littering is cited as the main waste management problem
The incinerator at Maun Hospital is the only clinical and hazardous waste treatment facility for the entire
ODRS

o Recycling activities are at a minimal because of market constraints for recyclables, but there is a Collect-
A-Can scheme that could be used to enhance recycling of metal cans.

4.2 Liquid Waste

This section discusses the current liquid waste management practices in the Okavango Delta Ramsar Site. By
liquid waste, we refer to any waste material generated by communities that is determined to contain “free liquids’
and shall include sewage from off-site systems and on-site (septic tank influent and effluent, conservatory

influent) and used |ubricating oil.

421 Wastewater generation rates

Information on wastewater generated is very difficult to obtain, primarily pecause most wastewater generators do
not have waterborne sanitation systems. The Environmental Health Department in Ngami reported to have
collected 1,631m® and 1,099m> of wastewater in 2004 and 2005 respectively. But this information alone is
inadequate to establish the waste generation rate in the sub-district. In addition, the reported inflow at Maun
wastewater treatment ponds was 400m%day in 2003 (NMPWS 2003). However, the National Master Plan for
Wastewater and Sanitation established that the average wastewater generation rate is 376-416
litres/household/day. If the median wastewater generation rate and average number of people in a household of
4.8 are used, then the approximate average national wastewater generation rate is 83 litres/capita/day.

422 On-site wastewater collection and treatment systems

In \{illages/settlements household water-borne sanitation facilities hardly exist; people mainly use pit latrines
enviro loos, or the bush. Grey water in villages/settiements is normally spilled out onto the ground or used to
water plants and/or hedges surrounding homes.
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Waterborne sanitation facilities are mainly installed at government offices/housing, clinics and staff residences,

Suction tanker for
periodic sludge
-removal

Internal toilet

Access covers

;JU j

Connecting drain

Settled
sludge
Septic tank

Figure 4.11: Typical septic tank-soakaway system used in the ODRS
Source: Cotton and Franceys ( 1991),

lodges. OWS reported that it plans to introduce this system at its other premier lodges when it is sure that the
system works properly at Vumbura Lodge.

li < PUNP 1
FIBREGLASS FIBREJLASS FIBREGLASS Foke 2 CHLORINATION
NTERCEPTOR TANK TANK AEROBIC SETTLER TANK

Figure 4.12: Wastewater treatment system at Vumbura and Xaxanaka Lodges
Source: Vumbura Lodge (20086)
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Fat traps to capture grease and fatty substances from wastewater generated in lodges and camps kitchens were
found at most places visited except for the smaller hunting camps. The object of removing fats is mainly to
improve efficiency of wastewater treatment facilities.

The local authority provides a service for emptying and disposal of septic tank and conservatory influent primarily
in villages/settlements and tour facilities that are easily accessible. The service is not extended to remote lodges
and camps in the Okavango Delta possibly because of remoteness and difficult access during wet seasons. The
rate at which septic tanks and conservatories fill up depends on a number of factors; among these factors aré
design capacity and occupancy rate of the lodges/camps. Because of this variation, the desired frequency of
emptying is often difficult to establish. However, irregular emptying could result in septic tanks and conservatories
overflowing and contaminating the surrounding environment. This occurrence was observed at Department of

Wildlife and National Parks (DWNP) campsites.

Tour operators are responsible for desludging of their conservatories and septic tanks as and when they are full.
They usually use private contractor, Ngami Waste and Sewage Drainers, to remove and dispose of wastewater

from lodges and camps.

Department of Building Services (DBES) and Botswana Defence Force (BDF) also provide wastewater collection
and disposal services for a limited number of facilities that are under their responsibility.

4.2.3 Disposal of waste water from on-site systems

Wastewater collected from conservatories and septic tanks is disposed at two main designated sites, of Maun
and Gumare sewage treatment ponds. There is no evidence of illegal disposal. This could possibly be because
apart from the local authority, there aré few other wastewater collectors. This facilitates easy monitoring. Apart
from Maun and Gumare treatment ponds, there is a local authority approved wastewater disposal site at Tekane
open pit in Seronga. The site is used by Okavango Houseboats to dispose of wastewater from their houseboats.
There was however no monitoring of the possible impact of the wastewater on the surrounding environment. It

may be possible that the wastewater could be contaminating the groundwater.

4.24 On-site wastewater collection user fees

Emptying of septic tanks and conservatories is usually done for & fee. The local authority's fee schedule is based
on the number of loads of sewage within the established radius of emptying. Table 4.14 shows the fee schedule
tor emptying the septic tanks and conservatories. Essentially the schedule is a flat fee, and may not encourage
reduction of wastewater generated. A more desirable billing system could be based on a graduated scale of
wastewater generated. But this could be impractical, because it may require vacuum tankers to be equipped with
volume measuring equipment.

Table 4.14: Septic tank/conservatory emptying charges
Type of property/generator Emptying charge (Pula/load)
60

Residential
Commercial 100
Institutional 100

Source: North West District Council (2003)

In addition. to local authority service, there are private sector services for emptying septic tanks and
conserva;ones.dlt was reported that for lodges and/camps, private contactors can charge up P5000 per load of
sewage depending on the distance. The fee charged by the only private compan that deslud i i

and around Maun is P220 per load. i AR
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425 Off-site wastewater collection and lreatment systems

An approximately 4km off-site wastewater collection and treatment system has been constructed in Maun in 1994
with a design capacity of 600m3/day. The system consists of a primary sewer line, with pump stations and
oxidation ponds. At the time of the fieldwork, the system was experiencing frequent breakages as a result of
power failure, which often results in foul odour for a number of days. This could be an indication that the design

Another small sewer network with Wwastewater treatment facility is at Boro Farm. The scheme was constructed in
2002 and the design capacity for the treatment ponds is 100m3/day. Just a year after its construction, 50 percent
of its capacity was already utilized. Thuso Rehabilitation Centre uses constructed wetlands that have been
operational since 1994. The system has a capacity to treat 10m3/day of wastewater, and that capacity is fully
utilized.

A sewer network with a wastewater treatment plant is currently under construction in Gumare. The scheme is
expected to be fully operational in 2007. The scheme is expected to provide service to households, commercial
areas and institutions.

4.2.6 Effluent quality

One of the responsibilities of the Water and Wastewater Department is to monitor the effluent quality into the
environment. But this has never been done because they do not have the capacity to do so. However, the
National Master Plan for Wastewater and Sanitation reported effluent quality from Maun Wastewater Treatment
Works, and the levels of these parameters are shown in Table 4.15. Table 4.15 also shows the effluent quality
that is discharged into the environment from some of the wastewater treatment facilities in the ODRS. It is clear
from Table 4.15 that the effluent quality from these sources, varied, while some treatment facilities are effective in
reducing the level of one parameter: they are not that effective for the other. But generally the effluent quality
parameters are above the desirable levels. This is particularly evident for the Maun Waste Water Treatment
Works. An interesting wastewater treatment technology in terms of effluent quality is the treatment plant used at
Vumbura Lodge, while the effluent from the plant does not meet the desirable levels of effluent quality, the
difference is quite marginal. It is possible that further polishing of the effluent could meet the desired levels.

Table 4.15: Effluent quality from different sources in the ODRS

UTM (Zone 34) Parameter (mgll)
Seovinza oF Effiyent X Y BoD | cop | TotalSuseended | o phosphorus
Desirable Effluent Quality Level* - - 30 100 30 1.0
Maun Wastewater Treatment Works 82 299 - 6.3
Vumbura Lodge Treatment Plant 694114 7898859 - 118 24 1.78
Chiefs Island Septic Tank 700635 7865918 - 47 247 4.03
Jao Health Post Septic Tank 661028 7896258 - 19 2 0.15
Boro Prison Septic Tank 753446 7801994 - 90 94 5.79
Shorobe Clinic Septic Tank 780184 7812375 - 60 40 0.23
DBES Shakawe Septic Tank 589330 7969986 - 350 23 : 3.18
Gudigwa P. School Septic Tank 701896 7942557 - 150 170 413
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UTM (Zone 34) Parameter (mg/l)
Source of Effluent X Y gop | cop Total g:l?gsnded Total Phosphorus
Gumare Sewage ponds 621299 7852852 - 60 8 -
| Sehithwa VDC compound Septic Tank | 677917 7736059 - 149 18 0.29

*Source: Metcalf and Eddy (1991) and NMPWS (2003)

427 Used oil generation, collection and disposal

The amount of used lubricating oil (engine and gearbox) generated on a monthly basis in lodges and camps
varies from approximately 5 liters to 800 liters. The used oil is stored on site in 20-liter or 200-liter containers or
large overhead tanks until transport is available to take it to Maun for bulk storage and transportation to South
Africa for recycling. Figure 4.13 and Figure 4.14 show typical on-site storage of used oil systems. While there
appears to be some control in storing the used oil, sand containment areas where used oil was stored, appeared
saturated and substantial areas of ground at these sites was contaminated with oil and fuel spillage. There is @
possibility that some of the oil could have seeped into the ground.

Figure 4.13: Typical on site used oil container

L

Figure 4.14:  Typical used oil storage tank

five facilities exist in Maun where used lubricating oil is temporarily in tanks ranging from 14 000 liters to 23 000
liters. These facilities are at Rileys Garage, Total, Depot, Ngami Toyota, Pony Transport and Mulbridge
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It however emerged that not all used oil generators are aware of the storage facilities in Maun. For example, in
one, a safari operator disposed of used by putting it in 5 liter containers and dumping it at Maun dumpsite.

4.2.8 Emerging issues

A synthesis of the discussions on liquid waste reveals the following issues that the strategy has to address:
o Information on waste management is hardly kept, and where it exist is of poor quality

o Most communities do not use waterborne sewerage at household level

o Incases where waterborne sewerage is used, treatment and disposal systems mainly include
conservatories and septic tank-soakaway system

o There are other innovative wastewater treatment systems used by some tourism Operations

o Apart from small sewer network and treatment facility at Boro farm, the Maun sewer network is the only
functional off-site wastewater collection and treatment system in the entire ODRS

o However, the Maun system is of limited capacity and covering a small part of the village, and is also
prone to frequent breakdowns

o Off-site wastewater collection and treatment system in Gumare is expected to be functional in 2007

o Effluent quality for both on-site and off-site systems is not monitored because of lack of capacity, but
there indications that is below the desired levels.

o  Wastewater collection from on-site systems is provided on request, but is not extend to isolated and
remote areas, particularly lodges/camps

o Wastewater collection fees charged by the local authority are relatively low compared to those charged
by private sector

o There are established systems in place for collection and recycling of used oil that could be utilized
4.3 Environmental Impacts of Existing Waste Management Practices

The impacts of the current waste streams and waste management practices on the various components of the
environment are presented numerically in Table 4.16 to Table 4.19 and graphically in Figure 4.15. Table 4.20
shows a summary of the impacts.

Table 4.16: Physical and chemical components (PC)

[ Components ES |RB |A1 [A2 [B1 [B2 |B3
PC1 Water contamination 63 | -D 3 -3 2 2 3
PC2 Soil contamination -14 | -B 1 -2 2 2 3
PC3 Air pollution -14 | -B 2 -1 2 2 3
PC4 Visual impact -6 -A 1 -1 2 2 2
PC5 Foul smell -6 -A 1 -1 2 2 2
PC6 Re-use and Recycle practices 9 A 1 1 3 3 3
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Table 4.17: Biological and ecological components (BE)

ES |RB | A1 | A2 B1 B2 | B3
Threat to terrestrial and aquatic life 72 | E 3 -3 3 2 3
Oxygen depletion 28 | -C 2 -2 2 2 3
Eutrophication 42 |-D 3 -2 2 2 3

Table 4.18: Sociological and cultural components (SC)

E’lﬂﬂ
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Table 4.19: Economical and operational components (EO)
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Table 4.20:

summary of scores
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Figure 4.15:  Environmental effects of existing waste management practices

4.3.1 Physical and chemical components

Pollution of the surface water would have more adverse consequences where the water is shallow and stagnant.
Such consequences would result with increased nutrient load that would stimulate algal growth (creating a shift in
species composition) and can result with fish kills. In mobile waters the pollution plume would travel downstream
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and cause damage to the ecosystem along its travel path. Evidently polluted waters would harm the ecosystem

and would be a health hazard to the communities that exploit the waters. Contamination of water has been given
an environmental score of -63.

The soils in the area can be affected by pollutants that seep from septic tanks and oil containers. Some of the
pollutants would be attenuated by the soils but if the contaminants are excessive they would adversely affect the
associated vegetation and wildlife and could end up contaminating the water system, resulting with detrimental
effects on the public health and the aquatic ecosystem. Soil contamination has been given an ES score of -14.

Air pollution from burning of waste at the dumping sites is considered to be localized and temporary nuisance that
has been given an ES score of -14.

The dump sites, especially the numerous illegal dump sites scar the pristine natural environment and can be an
eye sore. Typically these dump sites are not fenced and wind can thus scatter the paper and plastic waste over a
bigger area. This has a negative environmental score of -6.

Foul smell from exposed waste is considered a localized and temporary nuisance and has an ES of -6.

4.3.2 Biological and ecological components

Polluted water would have detrimental effects that could result with fish kills and extinction of other aquatic life.
This has direct effect on tourism industry as well as community’s livelinood. This impact has been given an ES of

-72.

Oxygen depletion would be caused by algal growth and oil cover and would induce changes in species
composition. This has an ES score of -28.

Eutrophication which is a result of increased nutrient load would also induce changes in species composition and
has been given an environmental score of -42.
4.3.3 Social and cultural componenis

Continued release of pathogens such as bacteria and viruses into the water creates human health and safety
concerns. The public health hazard has been given an environmental score of -63.

Typically rodents and flies thrive on waste from the dumpsites and these can spread diseases and as such create
human health hazards. Potential transmission of diseases by rodents and flies has been given an ES of -28.

4.3.4 Economic and operational components

The economic benefits of the current waste management practices are realized at three levels: (1) waste pickers
who collect waste to re-use or recycle: waste pickers who are employed to pick or sort waste (these typically
include local residents who at times use donkey carts to collect waste or are employed by agencies and (3)
medium to large sized companies that collect sorted waste (e.g. collect-a-can and Tshole trust) to supply the
recycling industry and those that are engaged by the District Council to either collect waste or maintain sewage
systems. The environmental scores are positive and are 9, 8 and 32 respectively.

4.3.5 Emerging Issues

From the above analysis, it can be seen that:
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o Tf)e environmental impacts are predominantly negative. The impacts range from -72 to +32. Out of
thirteen impacts only three are positive.

o The most severe impacts are threat to terrestrial and aquatic life followed by water contamination and
public health hazard.

o Evidently in the Okavango Delta Ramsar Site the most significant factor is the water and particularly its
quality.

o lItis the unique water features and their associated ecosystem that sustain the communities within the site
and makes it an important international tourist destination.

o The risk of pollution will be lowest at areas where both water flow and volume are high as this would
induce flushing and dilution of the contaminants.

4.4 Institutional and Logistical Capacity for Waste Management

Solid and liquid waste management is the responsibility of North West District Council through its two sub-district
councils of Okavango and Ngami. Within the sub-districts, the departments responsible for solid and liquid waste
management are Environmental Health and Sanitation (EHD) and Water and Wastewater (WWD), respectively.

44.1 Environmental Health Department

The Environmental Health Department (EHD) of NWDC has two separate units apportioned by sub-districts but
with similar responsibilities. Among the main responsibilities of these units are:

o Solid waste collection from all types of premises
o Grass cutting

o Removal of dead animals

o Emptying of septic tanks

o Public education

o Solid waste management campaigns

Figure 4.16 shows the organization structure for the Environmental Health Department of Ngami Sub-district and
an insert showing the organization structure for Okavango Sub-district. The Overall head of the EHD is Principal
Environmental Health Officer, at salary scale D3, and is reported to be spending 80% of his time on waste
management. The most senior person responsible for waste management on a full time basis is Principal
Technical Officer, at salary scale C1. On analyzing the EHD organization structure, it appears there is no officer
with the specific responsibility of waste management planning. This responsibility has been apportioned to the
engineering department of the local authority. However, waste management planning is a key component of
waste management process and is required by Waste Management Act of 1998. Separating waste management
planning from the other aspects of waste management such as collection and disposal could compromise the
ability of the local authority to deliver on its public health mandate.

Table 4.21 and Table 4.22 show the staffing of the Environmental Health Department units in Ngami and
Okavango sub-districts and related financial implications, respectively. It emerges from the two tables that a lan;ge
proportion of personnel expenditure is in waste collection. While the Ngami to Okavango sub-districts population
ratio is 1.5:1, the personnel expenditure ratio is 2.4:1. This means that the Okavango sub-district has relatively
lower staffing levels per population served. This raises issues of equitable distribution of service delivery.

Aqualogic (Pty) Ltd 36
Plot 182 Unit 1, GICP; PO Box 403975, Gaborone
Phone/Fax: 31 80 216/ 31 80 218

Email: info@aqualogic.co.bw



Okavango Delta Ramsar Site Solid and Liquid Waste Strategy Praject
NWDC/EH/04/04

DRAFT

Principal Environmental Health Officer

l Senior Environmental Health Officer

Principal Environmental Health 4‘
Technician
|

‘ 41 0l 0] 0
Environmental Hea!tﬂ Assistant Administrative ‘
Technicians ( 3) Officer

Principal Technical Officer
Senior Technical Officer
Technical Officer (2) L Drivers \
e e e i, B e e P L |
Field Assistants | Principal Environmental Health |
| Technician
' v
|
Sewerage Attendants | Senior Technical Officer
|
. v
Vector Controllers |
|
|
Leading Hands |
|

|
|
|
|
|
|
\E'nvironmental Health Technician 3) :
|
|
|
| |
l | e L R R

Figure 4.16: Organizational Structure of EHD (Ngami)

i D

Refuse Collectors

Drivers

Some areas of competency are required for the solid waste management section to effectively discharge their
mandate. Primarily, the section entrusted with solid waste management should have the capacity to plan waste
management operations of storage, collection, processing and disposal. It should also be able to analyze
problems associated with these processes for possible remedial action. More specifically, the desired
competency areas for solid waste management will include (but not exclusively) capacity to understand and

effect:
o Solid Waste management policy and legislation
o Short term and long term planning
o Waste collection routing
o Equipment maintenance

o Equipment and supplies acquisition
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o Service fees collection
o Landfill operation
o Public education

However, an evaluation of qualification for waste management staff indicates that their specific line of training is
in environmental health. The emphasis of environmental health training programmes as revealed by analysis of
curriculum in reputable universities seems to be on discussion of health problem stemming from contamination of

It must however be acknowledged that other skills required for solid waste management could be sourced from
within the local authority such as supplies, finance and maintenance. But for effective implementation of waste
management programmes, there must be provision of such skills within the Environmental Health Department.
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4.4.2 Water and Wastewater Department

The main responsibilities of this department in relation to liquid waste, is operation and maintenance of sewer
networks. Figure 4.17 shows the organization structure for Water and Wastewater Department of the NWDC. The
staffing details of the department are provided in Table 4.23. Key observations from the staffing situation within
the department are that:

o 14% of positions are vacant

o Despite the responsibilities associated wastewater collection and treatment, the section head is a Senior
Technical Officer, at salary scale C2, which probably signifies a limited decision making power.

o Even though the responsibilities of the department will be similar in 2007 when the sewer network in
Gumare opens, only 21% of the department’'s establishment is based in Okavango Sub-district with the
highest position peing that of Technical Officer.

Principal Water Engineer

Principal Technical Officer

Chief Technical Assistant -
Operation and Maintenance
( Water Section)

Senior Administrative Assistant
(Admin Section)

Senior Technical Officer -

( Sewerage Section]

Messenger

. Senior Technical Assistant Senior Technical Assistant ; Switch Board
s . Drivers (16 and office
Technical Officer (Borehole Mechanic; (Pipe fitter) (8) Operator cleaner (2)
\ 1&
Sewerage Attendants (4) Borehole Mechanic (4, Pipe fitters (4, Lorry
‘ A Attendants
v Y
Labourers \ Labourers
b

Figure 4.17: Organizational Structure of WWD (Ngami)

The key competency areas required for wastewater management are:

o Wastewater policy and legislation
o Short and long term planning for wastewater facilities

o Equipment acquisition
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o Wastewater system maintenance and operation

o Design and operation of on-site and off-site systems
Hi o Wastewater chemistry

o Pipe fitting

o Service charge collection
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443 Support organizations, stakeholders and stakeholder linkages

Table 4.24: Support departments in waste management and their roles
Department Nature of support
Secretariat Includes waste management in physical development plans
Treasury Department Responsible for revenue collection, accounts and supplies

Engineering Department Planning, tender preparation (technical specification) and evaluation, site control of

buildings and landfill site
Transport and Mechanical Workshop Maintenance of waste collection equipment, fuel supply, preparation technical
specification) and evaluation of tenders, provide drivers
Parks and Gardens Organize waste collection in public gardens *J
Labour Intensive Public Works Programme | Labour involved in public cleaning programmes |

other collaborative efforts. For example, access to end-user markets for used oil and metal can is achieved
through input of oil and metal can suppliers.

While it is appreciated that the role of Department of Waste Management and Pollution Control (DWMPC), is
mainly regulatory, it appears that it does not have a direct and visible working relationship with local authorities.
This is probably even made more difficult by that the DWMPC is under the Ministry of Environment Wildlife and
Tourism, while the responsibility of waste Mmanagement at local authority level falls under the Ministry of Local
Government. The demands of the Waste Management Act of 1998, (which is the regulatory framework guiding

4.4.4 Emerging Issues

A synthesis of the discussions on institutional and logistical capacity reveals the following issues that the strategy
has to address:
o Departments responsible for waste management are poorly staffed to deal with all aspects of waste
management, particularly planning
o While the largest proportion of EHD recurrent budget is used for solid waste management, the solid
waste management section is headed by a relatively junior member of staff

o There appears to be a disproportionate distribution of staff between the two sub-districts of NWDC
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o Wastewater section of WWD is headed by a relatively junior officer
o There are private sector institutions linkages, particularly in recycling that could be built upon

o There appears to be no direct operational link between the national regulatory department and waste
. management departments in local authorities, except for capital financing of large-scale infrastructure

o The EHD handles solid waste and wastewater, despite the factor that there is another local authority
department responsible for wastewater and wastewater infrastructure

4.5 Financing and Cost Recovery
4.5.1 Departmental Budgets for NWDC

The budget estimates for the financial year 2004/05 for the North West District Council are shown in Table 4,25,
The total budget for the local authority for 2005/06 was P150,016,070. Only about 8% was supposed to be
financed from the local authority’s own revenue sources while 92% would come from revenue support grant from
the central government. The proportion of the budget for the EHD and WWD, which are responsible for solid and
liquid waste management, is 15% of the local authority budget. This represents the second highest expenditure
for the local authority, and reflects the importance of these departments in its structure. An examination of the
budgets for the local authority, both proposed estimates and approved from 2004-2007, shows that the pattern of
distribution of the expenditure across departments appears to be consistent over the years.

Table 4.25: Approved budget estimates for NWDC 2005/06
Departments Approved estimates 2005/06 (Pula
Secretariat 21071 450.00
Treasury 7 755 780.00
Education 18 556 660.00
Clinics 28 675 180.00
Environmental Health 10 060 060.00

o Administration 1716 330.00
o Inspectorate 912 820.00
o Communicable diseases 546 950.00
o Landfil 349 640.00
o Waste management (65% of EHD) | 6 534 320.00
Engineering 9 520 700.00
Architecture and Buildings 4 937 220.00
Social and Community Development 14 801 320.00
Remote Area Development Project 3 315 980.00
Self Help Housing Agency 1 665 880.00
Transport 15683 510.00
Water and Wastewater 12 141 580.00
o Water 10 627 190.00
o Sewerage (12.5% of WWD) 1514 390.00
TOTAL 150 016 070.00
Source: North West District Council
4.5.2 Investment and Recurrent Budgets for EHD

Investmerjt budget.s for.diﬂerent developmental projects are usually provided for in national development plans
through different ministries. The budgeted projects will then be included in District Development Plans. Table 4.26
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shows projects that were earm
West District Council Develop
some good intentions by the E
majority of these projects a

department to deliver on their mandate.

arked by the Environmental Health
ment Plan 6

re never implemented on

Table 4.26: Investment budget for EHD during DDP6
[ Proposed investment for financial
Project Proi Inancial years (Pula
J rolectlocation o34 [ 200405 | 2000 2006/07 | Remarks

SOLID WASTE

200 Refuse Skips Whole District 220 000 220 000 220 000 220000 | Never approved

Tipper Truck Maun 5 250 000 - - | Never approved

JCB Maun - 700 000 - - | Never approved

2 Refuse trucks - 1200000 |- - | Never approved

Tractor Trailer - 70 000 - 3 | Never approved

T/Cabs Ngami 200 000 - - | Never approved
Okavango 200 000 - - | Never approved |

7 Ton Truck | Ngami 200000 = s | Never approved |
Okavango 200000 - - | Never approved

Landfill Design Gumare Gumare 1500000 - - Never approved

Landfill Construction Gumare 6000000 | 6000000 |- - Never approved

OTHER

Ventilated Pit Latrine sub- - ) Funds approved

I — Whole District 1500000 | 1500000 1500 000 for 2004/05 only
Gumare - 250 000 - -

Slaughter slab Shakawe . : 300000 |- ienapproved

Table 4.27 shows the recurrent budget for waste management services over three (3) financial years. Over these
years, the recurrent budget has been increasing by 17% and 12%, respectively. A large proportion of these
increases could be attributed to privatization of waste collection services. It is however not immediately clear if
this resulted in improved waste collection in the entire Okavango Delta Ramsar Site. It is however possible that it
may have resulted in improved waste collection in Maun, since most of these privatization efforts are targeted for
the place, particularly large scale contracts. Other settlements with private waste collection services involve the
use of micro-entrepreneur using donkey carts.

Table 4.27:  Recurrent expenditure for waste management services
. . Budgeted amounts (Pula) for financial years
et et Location 2004105 2005/06 2006107
R " Ngami 1695 450 2054 990 1605 120
Skt Okavango 1017470 860 850 1000 940
Material supplies (bins and refuse | Ngami 122 400 131 900 128 440
bags) Okavango 100 000 105 500 67 700
i Ngami 878 000 1319430 2186 990
Privatization (refuse contract) Okavango 48000 36 000 43200
TOTAL 3861320 4 508 670 5032390
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4.5.3 Investment and Recurrent Budget wwp

cts that were earmarked for Water and Wastewater Department during District

Table 4.28 shows roje
Fin nd sewer network in Maun. However,

Development Plan 6. Among the key projects is 10 rehabilitate and or exte
funding for these projects was never approved.

Table 4.28: Investment budget for WWD during DDP6

Proposed investment for financial years (Pula)
Project Remarks
location

2003/04 2004/05 2005/06 2006/07

m___ Never approved
m_—_ N

mm__
mm'.-___
rehabilitation/extension

Table 4.29 shows the recurrent budget for Waster and Wastewater Department for three consecutive financial
years. The recurrent budget has relatively been constant over the three financial years.

@
=
(]
=
2
=1
=
(=)
=
{47
Q.

Table 4.29: Recurrent expenditure for WWD

; Budgeted amounts Pula) for financial years
Budget item 105 2005106 2006107

Personnel Emoluments 650857496 | 5957 100.00 | 5917 020.00

Running Expenses 303649525 | 3599 260.00 | 3632030.00
Establishment expenses 472 530.00 608 960.00

M 20794628 | 598300.00 | 45160000

m_m 10 627 190.00 | 10 609 610.00

4.5.4 Cost Recovery Initiatives in Waste Management

»
=4
o
=
lIH

The Botswana Waste Management Strategy of 1998 seeks to encourage local authorities to develop a cost
recovery system that was supposed to enable them to collect at |east 50% of actual costs of waste management
during the period of NDP 9. While it is not clear what specific costs the strategy envisaged, it could reasonably be
assumed that it refers to recurrent expenditure. Achievement of this target is expected to give the said local
authority some more independence in decision-making. It is not clear if this autonomy also anticipates allowing
local authority some leverage on spending the collected revenue on improving waste management service.
However, the current practice is that revenue collected by the Environmental Health Department is submitted to
the Ministry of Finance and Development Planning, and there is no direct advantage connected to the local
authority's performance in collection of fees.

The local authority has devised some fee schedule for waste management services. The fee schedules for
different service categories were previously shown in Table 4.12 and Table 4.14. These were last revised in
2003. The projected and actual revenue generated in applying these fee schedules is shown in Table 4.30.
During 2005/06 financial year, the project revenue for refuse collection was more than the collected one, while the
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reverse scenario prevailed for effluent removal. It is possible that the amount of projected revenue actually
doubled because of the variation in collection fee depending on the distance to be traveled.

Table 4.30: Projected and actual revenue from waste 2005/06

Service type Projected (Pula) Actual (Pula)
Refuse collection 27 880 19 955
Effluent removal 7000 14 760
TOTAL 34 880 34715

4.5.5 Emerging Issues

A synthesis of the discussions on financing and cost recovery reveals the following issues that the strategy has to
address:

o Proposals for investment in waste management by EHD and WWD are hardly approved for funding. This
could be a reflection of lack of autonomy in decision-making on investment in waste management

o Recurrent expenditure for solid waste management has been increasing primarily as a result of
privatization of waste collection services

o Cost recovery initiatives are yielding minimal revenue, for solid waste, they cover less than 1% of the
waste collection recurrent budget

o This could mainly be because the service fees are paid on a demand for the service basis. But section
29(1) of the Waste Management Act authorizes local authorities to charge fees for all households in its
area of jurisdiction.

4.6 Stakeholder perceptions
4.6.1 Service quality

The general perception by most waste generators is that the local authority is offering poor service delivery in
relation to waste management. Poor service delivery is characterized by irregular waste collection and non-
provision of waste receptacles. It was also reported that private contractors that have been engaged to collect
and dispose of waste, particularly micro-enterprises with donkey carts are not fuffilling their mandate. Poor
service delivery was mainly attributed to lack of capacity by the local authority to properly manage waste.

4.6.2 Polential areas of improvement

There was a wide variety of perceived problems and potential areas of improvement. Some of these problems
and suggested improvements are outlined below.
o There was a general concern by stakeholders that existing wastewater management systems were old

and contributing to environmental degradation. There were suggestion that improvements are required in
this area including construction of sewer networks in Seronga, Shakawe and Sehithwa.
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Department of wildlife and National Parks campsites were reported as poor in relation to management of
both solid and liquid waste. There were suggestions that DWNP should improve their campsites 1o
international standards or even privatize them.

There were suggestions for improvement of waste management in HATAB and Non-HATAB sites through
provision of on-site wastewater treatment systems and engagement of private contractors to collect and
dispose of waste.

There is a general public perception that waters of the Okavango Delta are heavily polluted through the
discharge of effluent into the system. It was suggested that such discharges must be prevented. To
buttress this suggestion, the public leveled some complaints against Okavango Houseboats for illegal
disposal of effluent in the Okavango River, but this operation was visited, inspected, and the Operations
Manager was interviewed and no evidence of this practice was found.

There was a general desire, particularly in Maun, for the local authority to provide recycling centers to
encourage waste separation at source to enhance recycling.

Littering and illegal disposal were perceived as the main waste management problems, mainly attributed
to lack of environmental awareness by waste generators. About 33% of household respondents cited
littering as the most serious waste management problem.

Failure to enforce local authority byelaws was seen as a major problem that needs improvement.

Emerging issues

A synthesis of the discussions on stakeholder perceptions reveals the following issues that the strategy has to
address:

o]

]

Perception of stakeholders is that waste management in the project area is generally poor.

improvements on the waste management service are expected to come from the local authority
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5 FUTURE SITUATION

5.1 Population Forecast

Table 5.1: Projected population for the Okavango Ramsar Site
s ; Projected population
Sub-District 2001 |
Istric POpRon | | 2007 [ 2008 2009 2010 2011
75070 72 163 71997 71982 72 106 72 358 72729
Okavanago 49 642 57 489 58 885 60 316 61788 63 302 64 864
124 712 129 652 130 882 132 298 133 894 135 660 137 593
Source: CSO (2005)
5.2 Solid Waste Generation Forecast

Solid waste generation rates in ODRS may depend on a number of factors and the influence of these factors may
vary. But because of lack of detailed information on these factors, it has been assumed that waste generation
rates will be influenced by;

o Economic development

o Waste avoidance

o Waste reuse and recycling

However, because of the short planning horizon for this strategy, it is not anticipated that these factors will result
in large variations in waste quantity and composition. The influence of these factors has been assumed and
detailed in Table 5.2. Economic development has been assumed to increase waste generation by 1% every two
years, waste avoidance has been assumed to decrease waste generation by 1% every two years and waste
reuse and recycling has been assumed to decrease waste generation by 1% every two years.

Table 5.2: Solid waste generation rates forecast 2006-2011
Influencing factors Years
2006 2007 2008 2009 2010 2011
Economic development 1.000 1.000 1.010 1.010 1.020 1.020
Waste avoidance 1.000 1.000 0.990 0.990 0.980 0.980
Waste recycling 1.000 1.000 0.990 0.990 0.980 0.980
| Adjustment factor 1.000 1.000 0.989901 | 0.989901 | 0.979608 | 0.979608
Projected waste generated by source (tonnes/year
Household 13 250 13376 13384 13 546 13 582 13775
Tourism operations* 310 310 307 307 304 304
Institutions/commerce 4745 4745 4697 4697 4648 4 648
mTAL 18 305 18 431 18 388 18 550 18 534 18 727

* based on existing bed capacity of 1000 beds
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5.3 Liquid Waste Generation Forecast

in absence of adequate information on wastewater flow measurements, the National Master Plan for Wastewater
and Sanitation projects the wastewater generation rate shown in Table 5.3 for the two main settlements within the
Ramsar site of Maun and Gumare with wastewater treatment works. However, the 2001 population and housing
census estimated that there were 2162 and 526 waterborne sanitation systems in Ngami and Okavango.
respectively. Of the 2,162 waterborne systems in Ngami, 15% were sewer system and 85% were
conservatory/septic tank systems, while in the Okavango, 17% were sewer systems while 83% were
conservatory/septic tank systems. The National Master Plan for Wastewater and Sanitation estimated that the
average wastewater generation rate in Botswana is 396 !itreslhousehd!dlday. This figure is used t0 compute the
potential wastewater generated by on-site systems during the strategy period. It is assumed that the number of
waterborne systems will increase by 1% gach year for each generator category with no substantial increase in
per capita wastewater generation rate. Table 5.3 shows that the majority of wastewater will continue to be
collected and treated by on-site systems. This could present numerous point sources of pollution particularly if the
existing on-site systems are not effective in improving effluent quality.

Table 5.3: Projected wastewater generation rates, 2006-2011

Wastewater sources ' Year

2006 | 2007 2008 2009 2010 201
On-site systems Proiected no. for ODRS 1832 | 1850 1869 1888 1906 1925
Waste water generation rate (m3/sytem/day)” 0.396 | 0.396 0.396 0.396 0.396 0.396
Generation rate (m*/da 725 733 740 748 755 762
Projected wastewater from off-site systems (Maun * (m¥/da 308 337 n 408 662 716
Projected wastewater from off-site system (Gumare *(m3/day) | 21 2 21 21 21 21
9, collected by on-site systems 69 67 65 64 52 51
TOTAL (m?/da 1054 | 1091 1132 1177 1438 1499

*Source: NMPWS (2003)
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6 SOLID AND LIQUID WASTE MANAGEMENT STRATEGY

This broader vision is the waste management strategy. The waste management strategy focuses on ‘high level’
issues, leaving some of the more detailed issues to the action planning stage. This strategy adopts a ‘middie of
the road approach’ in that it does not only deal with the ‘level issues’ but also contains some details in the form of
an implementation action plan.

6.1 Objectives of the Strategy

The general objective of the strategy is to improve waste management practices to minimize their potential harm
to the human and natural environment of the Okavango Delta Ramsar Site. More specifically; the strategy seeks
to:

o Improve solid waste collection service within the Okavango Delta Ramsar Site;

o Improve solid waste treatment and disposal practices within the ODRS;

o Improve liquid waste management practices to minimize their potential environmental impact on the
environment;

o Improve institutional and logistical capacity of local authority departments charged with the responsibility
for solid and liquid waste management;

o Create stakeholders linkages towards improved waste management;

o Inform stakeholders and public on key issues relating to waste management, to gain support for waste
management initiatives and raise the overall profile of waste management within the community.

6.2 Period covered by the Strategy

The period covered by the Strategy is 2006 to 2011. It is however important to keep the Strategy under review
and revise it as necessary.

6.3 Strategic Framework

There is a general need to improve waste management practices in the ODRS. More effective waste
management is essential to protecting public health, improving the living environment and protecting the natural
environment of the Okavango Delta Ramsar Site. An effective framework, including infrastructure and services,
organizational structures should be put in place to achieve sustained improvement of waste management
services. To reflect on the importance of improving and developing this sector, the Solid and Liquid Waste
Management Strategy should be incorporated into District Development Plans for the North West District Council.
The strategy should be used by key decision-makers as a major consideration when defining operational policies,
approving investments and allocating budgets.

631 Strategy principles

The overall principles of this strategy are espoused in Botswana's Strategy for Waste Management and
international waste management best practices. The key principles applied in the strategy are:
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o The Waste Management Hierarchy — is a list of approaches to managing waste arranged in order of
preference, with the least preferred option, disposal located at the bottom and the most preferred option,
waste minimization located at the top.

o The Proximity Principle — requires waste to be disposed of as close to the place of generation as
possible. This avoids passing the environmental costs of waste management t0 communities that are not
responsible for its generation and reduces the environmental costs of transporting waste.

o The Polluter Pay Principle — says simply that those who pollute the environment must pay for the
damage they have caused.

o Integrated Sustainable Waste Management — decisions that are intended to realize sustainability of
waste management systems should take into account; stakeholders involved in waste management, the
practical and technical elements of the waste system and aspects of the local conditions.

The above general principles are applied to the Okavango Delta Ramsar Site to generate more specific principles
as detailed below, 10 be used as a guide in subsequent proposals of the strategy.

Stakeholder Involvement The local community, tour operators, micro-enterprises and private sector will play an important role in
improving and developing waste management services. The involvement of these stakeholders will be
introduced into different parts of solid and liquid waste management services, and in different
geographical areas within the ODRS, through the creation of the necessary linkages.

Waste and Effluent All solid and liquid waste generators must minimize quantities of waste and effluent pollutants
Pollutants Minimization respectively, to avoid unnecessary impacts to the communities and environment in the ODRS.
Improved public education and awareness will play an important role in ensuring that all opportunities
for waste minimization are taken. Standardization, regulation and enforcement could ensure improved
effluent quality.

There must be a clear definition of roles and responsibilities amongst those agencies involved in waste
management (see section 7.6). In addition, those who benefit from solid and liquid waste management

services must be prepared to pay some part associated with their provision.

Solid and liquid waste management in the Okavango Delta Ramsar Site must contribute to protecting
both the living environment of residents and the natural environment of the ODRS. Effective solid and
liquid waste management services are an essential contribution to sustainable development in the area

and to preserve the Okavango Delta, a prime tourism attraction.
Delta Ramsar Site sets targets for

Waste Collection Targets The Solid and Liquid Waste Management Strategy for the Okavango

waste collection and safe disposal..

Use in Decision Making The Solid and Liquid Waste Management Strategy should be incorporated into the District
Developmt_ant Plan for the North West District Council. Decision-makers in defining operational policies,
approving investments and allocating budgets, should use the strategy.

Roles and Responsibilities

Environmental Protection

6.3.2 Strategic Vision

This strategy puts in place a framework that is intended to significantly improve waste management practices in

the Okavango Delta Ramsar Site. The strategic vision is illustrated in Figure 6.1 and described briefly below.
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Figure 6.1: Strategic Vision

Investment Increased investment in waste management infrastructure, personnel, vehicles and equipment is essential
to improving waste management services. Investment in this areas could lay the foundation for overall
service performance. However, this should be financially sustainable and focused on the key needs as
outlined in this Solid and Liquid Waste Management Strategy.

Service Performance Improved service performance in the area of solid and liquid waste is required to protect the human and
natural environment in the ODRS. Improved service performance would ensure the realization of the
objectives of the strategy. It will also be an incentive for service recipients to pay for the service.

Public Awareness Significant improvement in awareness of waste management issues is required across all stakeholder
groups to assist the local authority to improve its service delivery. The public must be made aware of the
need for proper waste management, and strongly encouraged to actively participate in protection of their
living environment and that of the ODRS. Local by-laws should be devised to impose fines for littering and
improper dumping of waste.

Cost Recovery Improved cost recovery will be essential to improving waste management practices, and ensuring that
Wwaste management services are financially sustainable. Appropriate mechanism for levying and collecting
waste management fees should be phased in overtime. The fees should be set at reasonable levels to
avoid illegal disposal and equitable access to service.

Stakeholder Linkages Significant strides towards stakeholder linkages are required to assistant the local authority to deliver on
its mandate on waste management. Public and private sector partnership should be forged, particularly
L with tour operations to minimize the unit cost of waste management in relatively inaccessible areas.
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6.4 Solid and liquid waste strategy components
6.4.1 Introduction

In view of the issues emerging from analysis and synthesis of the existing waste management practices in the
Okavango Delta Ramsar site (ODRS), eight strategic components have been developed and are shown in Figure
6.2. Different waste management options are identified within the strategic components. Proposals towards
improving waste management services are developed on analysis and evaluation of the options within the
components and presented in the following sections.

f

Figure 6.2: Strategy components
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city, the roles and responsibilities of the institutions,
the roles and responsibilities of
| authority waste management

To further improve institutional and logistical capa

organizations and individuals should be clearly defined. Below is @ proposal for

the different stakeholders. Proposals for organizational reforms for the loca

departments areé discussed in Component 8.

Government Agencies

National Government Department of Waste Management and Pollution Control should play

National Government through the

its regulatory role as set out in the Waste Management Act of 1998. Government agencies should
formulate policies to assist local authorities in improving and enhancing services for collection,
treatment and disposal of waste. In particular, these policies should be aimed at puilding capacity at
local authority level, to enable them to adequately carry out their mandate as specified in the Strategy

and the Waste Management Act.

d ensure implementation of the Strategy and monitor performance
hould approve the necessary budget for

The North West District Council shoul
of solid and liquid waste management departments. They S
implementation of the Strategy.

Environmental Health and Water and Wastewater Departments will take the lead role in managing

implementation of the Strategy. They should ensure that the budget for solid and liquid waste

management is properly prepared inline with requirement of the Strategy. The two departments should

ensure uptake of the Strategy by all stakeholders. A key will be encouraging stakeholder participation in
improving standards of waste management.

Local Authority
Government

Local Authority
Departments

Organization of Service Providers
rtment should be renamed Department of Waste Management and Public

Environmental Health Environmental Health Depa
waste management. It will continue to be responsible

Department Health in recognition of its primary responsibility of
for ensuring that effective waste management services are provided along with other public health
responsibilities. The head of the department should have training that is waste management biased to

enable him/her to carry out the duties of the local authority as specified by the Waste Management Act.
Otherwise the department should ensure that their team has a senior officer who is trained at degree
level in waste management or similar discipline. The department should be given greater autonomy in
their operational and financial decision- making.

Water and Wastewater The department will continue to be responsible for ensuring that effective wastewater management
Department services are provided. For purposes of consistency, the responsibility of emptying conservatories and
septic tanks should be taken away from the renamed Environmental Health Department, since the Water
and Wastewater Department is responsible for the operation and maintenance of wastewater treatment
and disposal infrastructure. The capacity of the department should be strengthened by creating a
position for an engineer with wastewater engineering bias below the overall head of the department to
hgad the wastewater management section. The department should have logistical capacity installed that
will enable it to monitor effluent quality from point and non-point sources within the Okavango Delta
Ramsar Site.
Private Sector While the local authority has the overall responsibility for ensuring that the public is provided with waste
smeir:g?::;i?; .c;uelr;:ﬁs,_ the gx:sting public/private sector partnerships should be maintained. The private

eir social responsibili i i
| e ponsibility by adhering to performance targets set by the local authority
Micro-Enterprises The existing public/micro-enterprises partnerships should be maintained and strengthened. To improve
performance and monitoring of these enterprises, their contracting and supervision should .be devolved
to communlw level organizations, either Village Health Committees (VHCs) or Village Development
g%n;rr‘r;;t:;i (“:‘{ECS) glr their equivaler;ts. Devolving these responsibilities to comm unity level §
ill enable payments to be perfo i i

el o nese :ct{rn; i’ performgl nce|.'mance—bas¢=:d instead of the current practice where they

Waste Generators
Households House_holds are respgnsib!e for ensuring that waste is made available for collection by the local
autho.nty or their nominated contl:actors. To facilitate this, households should acquire primary storage
containers as of a standard specified by the local authority. Households should also construct

Aqualogic (Pty) Ltd 63
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wastewater contained and primary treatment facilities to standard and specification approved by the
local authority. They shall also pay charges for this service in accordance with a schedule of fees
authorized by the North West District Council,

Tour operators
Commerce
Institutions

These generators are responsible for ensuring the proper disposal of wastes generated by their
activities, and for paying appropriate costs of collecting, transporting, treating and disposing this waste.

quality of effluent they discharge into the environment are of acceptable standard. They should foster
linkages that assist reduce their unit costs of waste management, amongst this is TWCE.

Hospitals and Clinics

Hospitals and clinics should be responsible for ensuring that their waste is managed safely and
effectively. Infectious and hazardous health care waste should be segregated, stored, and managed in
away that avoids health risks to staff and waste collection personnel. All health care waste should be
incinerated.
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DRAFT
6.4.9 Component 8: Strategy Implementation

The Solid and Liquid Waste Management Strategy set out under Components 1 to 7 provides proposals for
improving and developing waste management practices in the Okavango Delta Ramsar Site over the period
2006-2011. This Component 8 provides an Implementation Action Plan (IAP) which intends to turn the proposals

into reality.

The key objectives for implementation of the Strategy are in consonant with the vision espoused in section 6.3.2
and are 0.
o Increase investment;

o Improve service performance;
o Increase public awareness;
o Improve cost recovery; and

o Create stakeholder linkages

Implementation of the Solid and Liquid Waste Management Strategy will be in accordance with the detailed IAP
set out under this component and shown in Table 6.1. The detailed IAP sets out the key areas of activity under
Component 1 to 6, target completion dates and stakeholders to be involved.

“An earlier observation was that the organizational procedures are an impediment to effective waste management
and leads to low performance in some areas. The departments of Environmental Health and Water and
Wastewater are not in full control over matters relating to decisions on finance, procurement and manpower
relating to responsibilities allocated to them. To improve the overall situation, the structure shown in Figure 6.3 1s
proposed for both the Environmental Health and Water and Wastewater Departments. This proposed structure is
expected to give the different waste management departments more autonomy, and minimize organizationa!

procedures for service delivery.
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DRAFT
V NORTH WEST DISTRICT COUNCIL
- Environmental Health
Supplies ... i (Management and Monitoring)
Waste Management Section
(Planning and Implementation)
Finance
L veeeeeeee "
Supplies Finance Maintenance
5 3
Workshops
L

Figure 6.3: Proposed organizational structure

To facilitate the proposed changes in components 1-6, and the organizational structure in Figure 6.3, a
framework for the organization of the waste management section in the Environmental Health Department
and that of wastewater section of Water and Wastewater Department are shown in Figure 6.4 and Figure 6.5,
respectively. The key proposal of the frameworks is that, the primary role of the heads of sections at district
level would be to coordinate the activities of their respective sections in the two sub-districts. This proposal is
based on the expectation that the heads section will be elevated to the second tier of their respective
departments.
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Head of Section (NWDC)
Waste collected/month
Money spend/month
Status of planned actions

Information management
Collection information
Planning for WM

Public education

Budget control

Finance and Manpower
Manpower development

Fleet Repair and Maintenance
Maintenance schedules

Okavango Sub-District

Ngami Sub-District

Waste collected/week
Manpower availability
Equipment filling rate

Waste disposal site
Waste disposed/wk
Availability of equip.
Materials recovered
Waste incinerated

Waste collected/week
Manpower availability
Equipment filling rate

Waste disposal site
Waste disposed/wk
Availability of equip.
Materials recovered
Waste incinerated

Figure 6.4:

Organizational framework for waste management section
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DRAFT

Head of Section (NWDC)
Wastewater flows/month
Wastewater collected/month
Money spent/month

Status of planned actions

Information management Finance and management
Collection of information Manpower development
Planning for WWM Budget control

\Wastewater Monitoring Fleet repair and maintenance
Effluent sampling Maintenance schedules

Effluent analysis

Fkavango Sub-District \ Ngami Sub-District
Wastewater collected/wk Wastewater collected/wk
Sewer maintenance Sewer maintenance
Manpower availability Manpower availability
Equipment availability Equipment availability
Inspectorate Inspectorate

Figure 6.5: Organizational framework for wastewater section

In line with the frameworks shown in Figure 6.4 and Figure 6.5, the proposed organograms for the EHD and
WWD are shown in Figure 6.6 and Figure 6.7 respectively. The organogram of the EHD is divided into two
components of administration and planning, and implementation. The administration and planning component
coordinates the activities of solid waste management for the entire district while implementation will be at sub-
district level. The Principal Sanitation Officer will be the overall head of the EHD, while the solid waste
management section will be headed by Senior Waste Management Officer. This implies that, there will be a
mirror organizational structure for implementation at both Okavango and Ngami Sub-Districts, headed by
Principal Technical Officer (Waste Management).

It was established in Section 4.4 that there are discrepancies between job requirement and actual staff
qualifications at planning and implementation levels of the EHD. To close these discrepancies, it is proposed
that the staff development paradigm show shift for equipping them with environmental health skills to
environmental engineering and/or solid waste management skills. A typical environmental engineering
programme from reputable universities will address the interaction of humans with their environments, and the
planning, design, and control of systems for environmental quality and management. The discipline covers
such areas as air and noise pollution, solid waste, potable water and wastewater.

Table 6.2 shows possible areas of training and/or proficiency required for each critical position proposed in
?he orgapogram of EHD to enable effective waste management. Provision of this training will sufficiently
improve institution capacity to deliver on their mandate of managing solid waste.
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As alluded to earlier, a more appropriate in-depth training for water and wastewater management is
Environmental Engineering, which addresses planning, design and control of systems for environmental
quality management including potable and wastewater. Table 6.3 shows possible areas of training and/or
proficiency required for each critical position proposed in the organogram of WWD to enable effective
wastewater management. Provision of this training will sufficiently improve institution capacity to deliver on
their mandate of managing wastewater.
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6.5 Financial Implications of the Strategy

Some of the proposals in the action plan do not require capital investment. In cases where capital investment
is required, estimates for such investment are provided in Table 6.4. The estimates provided in Table 6.4 do

through training and re-deployment have not been carried out. It is expected that funding for the proposal in
the strategy will come from regular developmental and operational budgets.

6.6 Strategy Review and Evaluation

It is proposed that for the first two years, the strategic intentions should be reviewed bi-annually and remedial
action taken where there appears to be limited success. For subsequent years after the first two years, the
strategic intentions should be reviewed annually. It is proposed that at the end of the strategy period, there
must be a comprehensive evaluation of the strategy in terms of achieving its set objectives.
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APPENDIX A: Proposed wastewater treatment pilot project: Septic tank/ constructed wetland coupled
system

Studies have shown that septic coupled with constructed wetland as shown in the figure below can
significantly reduce pollutant load in wastewater. It is proposed that such a system be piloted with wastewater
generating facilities of more than 30 inhabitants. The nature of the pilot system should be to the design and
specification of an engineer.
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Source: Hygnstrom et al. (2002)
Aqualogic (Pty) Ltd 80

Plot 182 Unit 1, GICP; PO Box 403975, Gaborone
Phone/Fax: 31 80 216 / 31 80 218

Email: info@aqualogic.co.bw



Okavango Delta Ramsar Site Solid and Liquid Waste Strategy Project
NWDC/EH/04/04
DRAFT

APPENDIX B: Proposed pilot project: Metal Can Recycling Centre

It was reported in section 4.1.7 that there is a steel beverage metal can recycling initiative by a Collect-A-Can
agent in Maun. These activities are mainly targeting collection of such waste at pubs and disposal sites. In
order to sustain and enhance these initiatives, it is proposed that a recycling centre pe set up with the
involvement of Collect-A-Can agent and the Environmental Health Department to intercept the cans before
they reach disposal sites.

Project Requirements and stakeholder roles

Land (Environmental Health Department should facilitate acquisition)
Metal can receptacles (Collect-A-Can agent should provide)
Metal can crushers (Collect-A-Can agent should provide)
Fencing for the land (Collect-A-Gan agent should provide)
Public education (Joint effort between agent and Environmental Health Department)
Source separation (Already done by some tourism operations but should be encouraged for all
generators)
Aqualogic (Pty) Ltd ’1
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APPENDIX C: Open Dump with controls

The majority of waste disposal within the Okavango Delta Ramsar Site is through open dumping. The
problems associated with open dumping are depicted in the figure below. Apart from that, several open dump

problems, it is recommended that a centrally located controlled dump be established for Okavango Sub-
District. The required controls should include:

* Dividing the disposal site into manageable working areas

* Covering waste with soil, sand or any other convenient material

¢ Stopping fires

* Agreeing to rules of on-site work with waste pickers

* Developing a closure plan

food chain

animals /"——_\

.

gaseous emissions

groundwater infections A -
~" buman produced
waste

Source: Rushbrook and Pugh (1999)
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APPENDIX D: Monitoring effluent quality and contamination of surface and groundwater sources

It is proposed within the report that effluent quality information should be a component of waste information
systems. This is an important aspect of monitoring possible changes in contaminant loading from effluent
sources and their possible environmental impacts. It is proposed that effluent from selected wastewater
treatment facilities, groundwater and surface water sources in their environs be sampled and analyzed twice
in a year. The target wastewater generators should include:

» 1 lodge/camp using septic tank and soakaway system

« 1 institution using septic tank and soakaway system

» 1 commercial enterprise using septic tank and soakaway system

« 1 household using septic tank and soakaway system

« Travel path of houseboats

The parameters that should be investigated that should analyzed should include

BODs, COD, Total Suspended Solids, Total Phosphorus, Ammonia-N
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