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BEFORE THE HON'ELE NATIONAL GREEN TRIBUNAL
EASTERN ZONAL BENCH, KOLKATA
IN
0.A. NO. 20/2022/EZ

IN THE MATTER OF:

SUPROVA PRASAD
«+.APPLICANT
VERSBUS
MINISTRY OF ENVIRONMENT FOREST
& CLIMATE CHANGE & ORS.
-.RESPONDENTS

AFFIDAVIT ON BEHALF OF THE RESPONDENT NO. 5 i.e. CENTRAL
POLLUTION CONTROL BOARD

[, Mrinal Kanti Biswas, S/o Shri Saroj Biswas, aged about 41, by
Religion = Hindu, by Occupation Service, having office at the Regional
Directorate, Central Pollution Control Board, 1582, Rajdanga Main Road,
Kolkata-T00107 do hereby solemnly affirm and declare as under:

1. That I am working as the Regional Director in the Central Pollution
Control Board [hereinafter referred to as ‘CPCBY), Regional
Directorate Kolkata and have been authorized to file the present
affidavit on behalf of CPCB, Respondent No. 5 and I am well
conversant with the facts of the application from the records
maintained by the offices of the CPCE hence, I am competent to

swear this independent response on behalf of the CPCB.

2. That | have read and understood the contents as mentioned in

L'

ﬁun ‘ble Tribunal.
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3. That the following is mentioned in para 17 of the order dated

12.07.2022 -

“Counsel appearing (in Virtual Mode) for Respondent No.5,
Central Pollution Control Board, states that the Central
Pollution Control Board does not want to file a separate
counter-affidavit since they were part of the Commillee
constituted by the Tribunal and they adopt the report of the
Committee. He further states that there are no allegations
against the Central Pollution Control Board and, therefore, he

has instrictions not to file counter-affidauit.”

The statement made by the Counsel for CPCB during the
hearing on 12.07.2022 was not in consultation with the

officers of CPCB.

CPCB is humbly praying for unconditional apology for not
submitting the Counter Affidavit earlier. However, as per the
direction, CPCB is providing the status of the water quality
of river Ganga at the upstream and downstream of alleged

ghats, monitoring status of the relevant 5TPs and drains.

4. That the Hon'ble Tribunal vide order dated 16.02.2022 was

pleased to constitute a committee comprising of the following

members:-

i.

A Senior Scientist from the Central Pollution Control Board,

Regional Office, Kolkata;

A Senior Scientist from the Ministry of Water Resources, River

Development and Ganga Rejuvenalion;
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iii. Dr. Tapas Kumar Gupta, Chief Technical Advisar, West

Bengal Pollution Control Board.

[t is submitted that after receiving the above mentioned order of
the Hon’ble Tribunal, officer was nominated as a member of the
comimittee to represent CPCE,

5. That accordingly, the Committee inspected the impugned ghats as
per the direction of the Hon'ble Tribunal and the Report has been
duly submitted by West Bengal Pollution Control Board
(hereinafter referred to as "WBPCRB, being the Nodal Agency in this

matter.

6. That in connection to this, the data available on water quality of
the river Hooghly (lower stretch of river Ganga) (hereinafter
referred to as ‘river Ganga'), drains discharging directly into river
Ganga and compliance status of 8TP's from Dakshineshwar to
Garden Reach (as the impugned 5 ghats are located within this

streteh) is given below:-

« CPCB is monitoring river water quality on fortnightly basis
under National Water Quality Monitoring program (NWMP)
through West Bengal Pollution Control Board (WBPCE] at two
locations (1. Dakshineshwar & 2. Garden Reach), 8 5TPs on
quarterly basis and 19 drains discharging directly into river
Ganga on half-yearly basis under Namami Gange program

along with WBPCB and other state agencies (KMC & KMDA).

« As per the NWMFP data, water quality of river Ganga during
2021, the respective median values of DO, BOD and Fecal

Coliform were 5.5 mg/l, 2.7 mg/l and 79000 MPN/ 100 ml and




204

5.5 mg/l, 2.65 mg/l and 70000 MPN/100 ml at Dakshineswar

and Garden Reach respectively.

« Also, the recent observation [rom January to June, 2022, the
respective median values of DO, BOD and Fecal Coliform were
6.3 mg/l, 2.8 mg/l and 79000 MPN/100 ml and 5.65 mg/l, 2.7
mg/l and 70000 MPN/100 ml at Dakshineswar and Garden

Reach respectively.

= The notified primary water quality criteria for bathing is pH-
6.5-8.5, DO=5mg/l, BOD 3mg/l or less, FC 500 MPN/ 100 ml
(desirable), 2500 MPN/100 ml |maximum permissible). The
data revealed that the water quality of river Ganga at the
mentioned locations are within the notified primary water

quality criteria except Fecal Coliform.

= Dut of 19 drains, 15 drains carry domestic and 4 drains carry
both domestic and industrial effluent. The total flow and BOD
load from the drains discharging into this stretch were 3254
MLD and 69 TPD respectively during post monsoon- 2021-22
and associated BOD and COD concentrations are varied from

16-402 mg/l and 20-1376 mg/] respectively.

« The water quality of 16 drains are exceeding the inland surface

water discharge standards of BOD 30 mg/l and COD 250
mg /1.

s Further in compliance in the matter of Manoj Mishra Vs Uol &
Ors, in OA 06/2012, a report namely Alternative Treatment
Technologies For Wastewater Treatment In Drains was

<O AR
SRR -
Camwgn Drow' ,j submitted by CPCB before Hon'ble NGT in Principal Bench

= Cour Caeuns "I +
Ml el
Eagars T 74 17 73
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which is providing various technologies available to treat the

Drain water.
The said report is annexed and marked as Annexure- L.

« The 08 STPs namely, Bangur, Howrah, Hatisur, Haridevpur,
Bagajatin, Garden Reach, Baranagar-Kamarhati and Kona are
having capacity to treat 361.5 MLD of sewage, whereas, the

utilzation capacity is only 138 MLD.

Also, the compliance status of the mentioned STPs is given in

the following table:

Discharging|
Capacity
3l | Name of Status as on | into River
of STP |[CODBODNTSSITNITPIFC
No. =TP 15.07.2022
(MLD)
e Baranagar New STP is being erected; STP is under
! | Kamarhati b0 construciion Ganga
2 | Bangur o2 C C | € |[NCINCINC Operational Vidyadhari
g | e 575 |me | c |wnc|ciudne| operationat Ganga
< Hatisur 100 NC | NG | © [NCINCING Cperational Vidyadhari
; Chiorination [acility iz bemg installed and ;
il e _I‘E' _____curently STP is not in operation *a
6 |Haridebpur| 45 C | € | ¢ [c[NgNC|  Operational Ganga
New STP is being erected; STP is under
7 Howrah Gil Dunammﬁu; i Creanpa
New STP is being erected; STP is under
] Kona 40+22 P S Ganga

# C= Compliance, NC= Non-compliance

CPCB is following up the matter with concerned agencies,
responsible for operation and maintenance of the STPs, where

non-compliance were observed.

A line diagram of Hooghly River showing NWMP locations, drains

and STPs is annexed and marked as Annexure-II.
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7. It is also submitted that the National Mission for Clean Ganga
(hereinafter referred to as NMCG) has prepared a "Guidance Note
for Environmentally Sensitive, Climate Adaptive and Socially
Inclnszive Urban Riverfront Planning and Development” for the
stakeholders including urban local bodies, service providers,
project financing organization etc. who are invelved in planning
and / or developing any urban riverfront projects. A copy of the

Guidance Note is annexed and marked as Annexure-I11.

8. Further, in the matter OA 200/2014, a Guideline was prepared &
submitted by CPCB before Hon™ble NGT namely “Guidelines
for Setting up of Biodiversity Parks in Floodplains of Rivers of
India, including River Ganga"” annexed and marked

as Annexure- IV,

Q. In view of the above facts indicated in earlier paras, it is
respectfully prayed that the Central Pollution Control Board shall

abide by any Order or direction as the Hon'ble Tribunal may deem

/ fit and proper.
2/ Lﬁ? J/

ITTAR A J-'.H GHDSH
'L-‘ﬂm: gyt DEPONENT

We

2EGN NO.- 13601
sh Court Cacyune VERIFICATION

I, Mrinal Kanti Biswas, the above named deponent do hereby verify
that, the contents of the above Counter Affidavit are true and

correct to my knowledge I:uzmm':j;_l= on official records, no part of it is
‘o Y

concealed therefrom.

Signed and verified }1@15 18!k Bavlof August, 2022 at Kolkata.
j-'?;: 4 Ja

Aohemaly Allrrieo sng L -adiaied DEPONENT
pfore me ar idsnificaton
CHITTAHAN]AN GHUOSH W"’J

Regn. No- 13801/31, 1%, az},\ f“fﬁ'.f
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FOR WASTEWATER TREATMENT IN DRAINS

In Compliance to Direction of Hon ble NGT in the Matter of OA No. 06/2012
Titled Manaj Mishra Vs Union of India & ORS

CENTRAL POLLUTION CONTROL BOARD, DELHI
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REPORT ON ALTERNATIVE TREATMENT TECHNOLOGIES FOR
WASTEWATER TREATMENT OF DRAINS IN COMPLIANCE TO DIRECTION OF
HON'BLE NGT IN THE MATTER OF OA NO. 06/20012 TITLED MANOJ MISHRA VS

UNION OF INDIA & ORS.

I. BACKGROUND

The verbatim of Hon"ble Mational Green Tribunal in the matter of OA Mo, 06 of 2012 titfed;
Manaj Mishra ¥ Union of India & Ors, vide order dated 22,00, 2020 at para 25 is as follows:

“Simce the above report does aol mention the gereric and represemtative modods
which could be castamised, adapted and adopted ro the natural scengrio incinding
the draing in question, let CPCB furnish such a repors COREININg ai feasr tew
generic gad representative modely which ore technaseconamically feasible and can
be tmplemented after customization o the VMO by O7.02.2020 and the ¥MC ey
include the report with iis comments in its repert 1o be sabmitted to this Tribamal
before the naxt daje by e-mail ab pedicul i pow i,

.

CPCB furnish a report @ terms of Para 25 ahove 1o the YMC by 07.02,2020 and
the YMC may include the report with ity comments in ity repor! fo be submired to
this Tritwinal before the next dase by e-mail ot judicial-ngi@gov.in. "

A meeting wias convened on 27.00.2020 to consult expenty including representatives from
NEERL TERI, Delhi Uni '«'mii_'p' and other stakeholders. Du[ing the n'",_-.;[j“g‘ apart frovm in-
situ: remediation, low cost decentralised weatment systems {waste stabilization prand,
oxidation pond, anaerobic lagoon) were alse discussed, which can be atlopted as cx-situ
treatment. Another meeting was convened on 2941 ,2020 wherein consuliation was held
with experts from UT-Roorkee, [TT-BHU and 1CT - Mumbai.

4 ADVANTAGES  AND  ECOLOGICAL  SERVICES OF  ALTERNATIVE
BIOLOGICAL TREATMENT TECHNOLOGY

In =ity treatment methods such as constructed wetland system, phytoremediation, Eco Bio
Block system, microbial Mo remedition arc most favorable methods for alternative
biotogical reatment echnology of drains. Altheegh above treatment SYSIEMS Ure temporary
provision but 1t may be adopted for further polishing of TP effluent. Alternative biological
treatment technologies are not only useful in improving water quality of drains £ rivers bul
are alse helpful in rejuvenstion of the ecology of o river system. Benefits of alternative
hiological reatment technologies are highlishied below:

= Alternative hiological treatment technology methods such as phytoremediation or
wetland systems are efficient in wrms of nuirient removal such as removal of
nitrogen and phosphorous. g
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All altemnative bielogical treatment technologics are low in energy incentive and ol
only reduces carbon toolprint thereby minimizing climate change impact but also
contributes o carhon sequestration.

= Constructed Wetlands have highest microbial diversity that will biodegrade not only
organic but all entergent pollutants including oder producing substances & gases,
antibiotic, detergent, pharmaceutical products, ete.

® The technologies provide benefits like increase in the biodiversity and biomuss
production apart from habilal conservation.

= Constructed Wetlands may attract migratory berds, as well as provide acsthetic and
recreational sefvices to the public,

*  Studies indicate that there 15 massive reduction m pathogenic microbes in altemative
biclogical treatment technology as compared to conventional treatment.

*  In-situ remediation technigue does nol require moch energy, ifs maintenance cost is
relatively low, itis easy o develop, operate and manage as compared to conventional
technology. Besides high reduction efficiency of BOD, different altemative
treatment technologies are efficient in increasing Dissolve Oxygen (D) and
reducing Pecal Coliform (FC) e.g. Phytoremediation technique can reduce FC by
S0 and increase DO from 010 5 mgfl; Oxidation Pond cin reduce FC by more than
95% and increase DO from O o Smgd; similarly, lagoons are efficient in reduction
of FC by 50T,

*  The cosl of altersative biological treatment technology is extremely low,

* In-sitw remediation 15 more efficient in restoring self-purification system of river and
also immobilzation of leavy metals.

= Construeted wetlands contribute o groundwater recharge 35 well as results in
buffering of ambient temperature and odor

3. WATERSHED PATTERN —-STREAM ORDER

.
Based on the drainage pattern, all drains raverse towards recipient water body located
downstream of drains. Diains which direcily discharge into recipient water bodies such as
rivers, rivalets, ponds, lakes et are cialled as Girst order drain. Drains which jain into first
order drain are called a5 second order drains. Similarly, third and fourth order drains could
be delined. The First and second order drains which confluence directly with River sysiem
are relatively larger with continuows flow.
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Crenerally, drain emerging fromm urban centers/ rural habitats are third or fourth order drains
which confluence mto larger second or first order drains finally meeting into river/
pond/lakes,

Third and fourth order draing are rather narrow, very shallow, located st higher gradient,
usually shorter in length and often covered / or passed beneath roads.  Similarly. due o
unplanned growth, untreated sewage! industrial discharge into such drains, which ultimately
meets first and second order deain (Figure - 1),

This sort of erder of drain s defined as classic stream order, alse called Hack's stream
arder. Drains usually carry wastewaler from Urban/Rural centers called domestic sewage or
effluent from Industrial activities and surface runoff including agricultural rusoff,
Therefore, drains could be broadly categorized as sewage draing carrying only sewage and
mixed drains coarrying sewage and industrial efffuen,

Figure | Drainage pattern of any city/iowr

Based on dramn data available for River Gunga and its tributaries, Cide porization of drains
has been made considering their hydrological characieristics namely, flow, pollution load
and physical characteristics, which may mfluence selection of drain wastewater trestment
technology.

Flow — Based on flow drain can be clussilied as,

v SHOMLD — Minor Dirain
= M — 5 MLD = Medium Drain
= 350 MLD — Major Dirain

Pollution Load — Based on pollution lowd in tenms of BOD concentration. draing can be

classilicd as,

6|
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*  <Simgdl - Low Pollution Load
® 50-100 mgll - Modern Pollution Load
v > mgfl — High Pollution Load

Widih — Basexd on channel width, drains can be classified as,

= <3m— Marrow Dreain

# 3 —F5m - Wide Drain

» >13m — Broad Drain
Drain could also be characterized based on the criteria such as driin traversing through hilly
termain, rocky terrain, plain, marshy area and draining imo different reci pient water bedy like
river, likes, pand and sea,

4. ALTERNATIVE TREATMENT TECHNOLOGIES
4.1 IN-SITU BIOREMEDIATION TECHNIQUES

fr=Sie bioremediation technigues mvalve treatment at the sie using aguatic plants andior
microbial remediation methods. &-Slw reatment systems can be commissioned in - lower
time duration (few months only), s easy w operate, and requires less energy as compared Lo
conventional treatment technologies, In-sita treatment. depending on effluent charucteristics,
sile conditions, and type of treatment systems, may either provide desired quality of treaed
effluent or ¢l as supplementary 1o conventional treatment technologies, In any case,
wherever feasible, it con be used 25 an imerim remedial meassure and help in reducing
pallution load or polishing of weated ¢MMuent from Sewage Treatment Plants. The common
in-sie treatment systems are Microbinl Bioremediation, Phytoremedintion, Constructed
Wetland System and Root Zone Treatment. Adequate space and appropciate flow are general
requirements for adoption of these technologies. Detnils of shove mentioned fu-vin
bioremediation  techniques imdlicating  methodology.  parameters  for  the feasibility
ansessirent, existing experiences, ete. are as follow

4.0.1  Phytoremediation
Phytoremediation 15 a bioremediation process that uses variows types of plants to remave,
transfer, stabilize, andfor destroy contaminants in the soil and  eroundwater,
Phywaremediation involves the removal of organic compounds and nutrients from
wastewater through bio-sorptionfuptake by polletion-tolerant aquatic plants (such s
algae, water hyacinth, duckweeds, ete.} growing in the Quite often such
plants grow along the littoral zones on either side of th

4.1.2  Constrocted Wetlands {C'Ws)
LW.S also uses principle of Phylwosemediation
bicremediation, phyvtoremediation and rood-zone 1
henefits of oxsdation pond snd phiysical fillers,

oy & Y
hn irmt It i r,uj} microhial
e :.::n-ﬁ.ddi'riﬁnru providing the

Constructed wetlainds (CWs) are scientifically proven and widely adopted seross the
world as aliemative and complementary technology o conventional technologes for
sewige restment. A well-dedigned constructed wetland system will work on the same
principle as that of STF but with greater microbial diversity associsted with diverse plani

7| Pay



5

species that effectively biodegrade argamics and other pollutints in sewage and withool
Energy.

A constructed wetiand is highly versatile and can he desipned for drains that have
different wopography hydraulics and physical characteristics of the dram (widih, le nzth,
heightl. A constructed wetland system con be used as primary! secondaryl Lertiary
tresiment and with continuows (ow. Figure 2 depcts schematic Mow diagram of a
Constructed Wetland System.
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Figure 2 Schematic Diagram of Constructed Wetland Systems

A typical CW system should have the following components:

An acrobic oxidation pond with depth of water ranging from < 1m o Sm: water may

be retained for at feast B-10 hours and consequently there may be slight rise in the

weater level (up to 30om) from the normal water level in the dran,

(a} there may be 4 sereen (iron mash having 4-10 mm aperture) before the oxidation
poed 10 remaove solid waste and another screen (2-4 mm sperure) before water
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enlers mto twa physical filler tanks / chumbers! zones! channels from oxidation
peoind,
li.  Theee physical filier tnks' chambers' channels! zones are ideal for efficient
Functioning; the physical filwr chimbers ure separated by gabions of boulders of
different sizes and embedded in iron mesh,
ta) the first chamber/ channel! #one is separsted from the second chamber by 2
gabion made of boulders of 2' within fhe chamber channel and there will be 3
ridges made of stones/ pebbles of 200 to 250 mm

(h] The second chamber i separated from third chamber by & gabion made of
boubders of 17 size with 34 ridges of pebbles of 180 mm.

L&) The third chamber is separated from the constructed wetland by gabion made of
boulders of 17 size with 3 10 4 ridges of river bed pebbles of 150 - 120 mm.

i Comstructed wetland having 3-10 furrows of 1 0 4 m width separated by ridges of |
m high, 0.5m wide and composed of river bed pebbles of 80-30 mm size.

iv.  Cascade outler is made of boulders, stiones and pebbles with gentle slope from the
overflow of the constructed wetlands. Water coming out from the cascade can be
recycled /stored in stagnant water bodies [ wetland or channelized into the
downstream of the drain or fiver

i The height of gabions should be 1.0 m 1.5 m high and usually sbove the water level

in the channels’ chambers/ ponds/ zones.

. The typecal CW system outlined above is for in situ biological remediation where the
sides of the chambers/ ponds! channels # zones are the embankments of the drains,

ik, For ex-situ biological remediation, the four sides of chambersipondss tanks should be
mede of stone meshed walls of 1.5 -2 m high and 0.5 m — | m wide and all the
components should be contiguows with gradient so that water flows on its own, If a
gradient does not exist, a gradient channel has o be constructed.

4.1.3  Wherobinl Bisremediaiion

Microbial bioremediation mvolves periodic or continuous dosing of special wisste-
reating microbes, fungt and for plants and their products (such as enzymes) in adeguate
quantity to the wastewater mass, The effectiveness of bioremediation depends on both
the wastewater characteristics, the microorganisms and products that are wsed for dosing,
the dosing amount, frequency of dosing and the environmental conditions.

Micrabial bioremediation could be intrinsic (within the drain using natural consortia of
MITHarganisms) or in vitro (using an engineered treatment system),

Microorganisms are used o treat mainly the organic matter; small guantity of inorganic
materials and metals are alao consumed a5 notrienis. Direct use of eneymes 15 done in
biochemical treatment. It may be noted that aerobic microbes need less time, wheress
anaerobic microbes need more ime (0 degrads the waste,

Flowe and retention time: This type of bioremediation requires resention time of 20 -30
hours, therefore may be sutable for drions with low flow

¥
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Curput of the process could vary whene flow rates are variable and high, which could
partly be due to rapid wash out of the material dosed from drains during high flow pulses,
Drrans often need interventions o slow down the flow mtes. Also, the process hein g
inherently slow will achieve good performance in larger span of time.

Downestic wastewater alse gets mixed with the effleents from industries which inviiably
curry morganic pallutants therely impacting the microbial load. While there have been
claims of successtul reatment of municipal wastewater by bioremediation with various
microorganisms and inoculums, these claims require reverification for o sustained period.

The system requires a kind of bio-reactor 10 meet the retention time and as such it
requires a large area /stretch to provide the requisite retention time and the microbial
diversity is limited and is composed of consortia of known microbes, There is recurnng
cost for maintaining microbial eonsortia as bin-media ias 1o be added in running stream
e regular intervals.

Further, the successful use¢ of this bioremediation technique for in-situ treatment of
wistewater-carrying drains. would necessitute periodic removal of bio-sludge penerated
over time from the drains o avoid choking of the drains andfor addition of pallution
load on the receiving water body by transporting the sludpe penerted.

There is a requirement for well-defined specifications in case of this type of
broremediation since the microbial composition and doses are usuall y trade secrels und
¢laims are unverifiable and comparable.

Current application of microbial bicremediation carvied out by NMCG in 144 drains
depicts better results in draing having fow less than 10 MLD. Therefore. such
intervention van be applied in low hydraulic load and its expected outeome shall be
within 5 %%

4.2 Ex-5itu Remediation Techniques

4.1.1

Ex-situ remediation technigue includes constructed wetland, waste stibilization pond,
aerated lagoon and oxidation pond, Design and performance details are attached as
Anncxure-1. Details of ex-siu techniqees are given below:

Waste stabilization pond

Waste or Wastewater Stabilization Ponds (WSPs) are large, man-made water bodies in
which Blackwitter, greywater or faecal sludge ure treated by natural occurri N PIOCESS8s
and the influence of solar light, wind, microorganisms and algae. The ponds cian be used
inchividually. or linked in a series for improved treatment. There are three types of ponds,

{11 anacrobic,
{2 faculiative and
(5 aerchic (mawirmation’s,

each with different treatment and design charactenstics. WSPs are Tow-cost for O&M
and BOD and pathogen remaoval is high. However, large surface areas and expert design

L

10|
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wre reqaired. Effluent containg nutionts {e.z. N and P) and s therefome appropriate for
reuse in agnculture, but not for direct discharge in surface waters,

4.2.2  Mechanically Aerated Lagoon

Mechanically aerated lagoons are earthen basins generally 2.5 1o Sm deep, provided
with mechanical acrators installed on foats or fixed columns. Raw sewage is fed from
one end into lagoon (after screening) and it leaves from the other end after desired period
of aeration. Aerated lagoons are smaller in size (less than 10-20%) compared 1© waste
stabilization ponds, Three types of serated lagoons can be diztinguizhed as mentioned
el [RUTR

1. Facultative acrated Lagoons

Facultative aerated lagoons consist of a shallow basin in which seitleable solids
intraduced by the wastewater settle o the bottom to form u sludge lnyer tha dectmposes
anaerobically. Biodegradable organic materials that do aot settle are degraded
serobically, The term facultative serated describes the aerobic-anaerobic nature of the
bagoon - an anaerobic bottom region covered by an serobic top laver, Process of
axyzenation s enhanced through floating aerstors in upper seetion of lagoon. Lower
section of lagoon mainting anserchic conditions, The power inpul per unit volume is
only sufficient for diffusing required amount of oxygen into fiquid, but not sufficient
for mamtainimg all the solids in suspension (Figure = 3).

Conseguently, some of the suspended solids entering the Lagoon and some of the new
selids produced in the lagoon as a result of substrate removal tend 1o settle down and
underge anagrohic decomposition ol the bottom, They wre capable of giving 70-90%
BOLD removal from domestc sewage.
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Figure 3: Mechanical sermed facultative lagoon
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L. Aerobic Mow-through Lagoons

Aetobic flow-through lagoons use aerators w0 mix the effluent in the pond and add
oxygen o the wastewater. In acrobic flow through lagoons, oxygen transfer is
maintained throughout the depth of the lagoon. The power level is high enough not only
o diffuse adequate oxygen into the liquid but also to keep all solids in SUSPENSIoN 4% in
an activated sludge aeration tank (Figure — 4), Additional treatment (such as
stabilization pond) 15 necessary if better BOD and sofid removal iz desired,
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Figure 4 Mechanical acrated flow through type lagoon

3. Aerobic lagoons with recyveling of solids

In aerobic lagoons, oxygenation of effluent and retention of recyeluble solids = carmed
out. In these lagoons, power input level is sufficient 1 meet the Oy EEn requirement as -
well us to keep all solids in- suspension, The efficiency of BOD remaval in these types
of lagoons can be as high as 95-98%. and nitrification can also be achieved {Figure -
5h
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Figure 5 Typicel mechanival aerated lagoon system
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5 CRITERIA  FOR SELECTION OF ALTERNATIVE TR EATMENT
TECHNOLOGIES FOR REJUVENATION OF DRAINS

The

etfective biological in-situ treatment system should need the following
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fir situ treatment should be different from conventional centralized ar de

centralized treatment syslem.

It should be a rapid system having comumissioning time of less than six to rwelve
maonths,

The in séte reatment system should have the ability to wear the sewage in a
continuous manner throughour the year,

The treatment system must have 4 well-defined inlet and outlel along with
minimum medification in natural drain structure.

The treatment system should work on serwnegligible power consumption.

The treatment system should have a designed lile and minimum aperational
Constraims;

It should mot have high capital cost and recuriing cost as comparsd with
vonverdionsl er site treatment technology currently in practice.

The design life should be up 1o 13 vears at optimum operation condition.

In case of drains having flow >20 MLD, the system may be developed m modular
form having 2-3 blocks of treatment within one treatment stretch,

The treatment system must be capable of degrading/reducing the soluble and
insoluble prganic materials,

Removal elficiency of soluble BOD at the final designated outlet should not be
less than 60% in terms of organic loud reduction with treared waslewater quitlity
ol designated outlet of pH 6.5-8.3, DO =5mg/dand BOD < 20 mgfl, whichever is
SIFiNgEne

fn-sim reatment shall he accompanied with pre-treatment’ physical salid liquid
separation as drains carry large quantity of solid waste.

The generated sludge must be guantified and cleaned based on requirement
preferentially at every 15 days within the defined stretch, If required, dredging
should be done 1o maintain the depth.

The system must not hinder the flow and not result in ponding &t the upstream site
of the drain,

Flow mensunng device (such as V-notch, EM meter etc.) may be installed at the
inletfoutlet of the treatment stretch so 1% 10 contral the treatment based on Tow
and wssessment of daily teated volume,

Treatment system shall be installed w such a location/manner and for such volume
of drains that the treated effluent quality ot defined outlet shall be maintzined
throughout the entire downstream siretch of the drain 1l conflusnce with the
niver. I required, treatment system could be set up in series in entire drain stretch

avith Treatment system shall be set up for inlet wastewater guality of BODE4ihmg/1L
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6. SCHEMES/MODELS FOR DIFFERENT ORDERS OF DRAIN

Categorization of drains are made hased on the experience of drain monitoring in Ganga
Cawchment. Schemes! Models defined for treatment are generic and suggestive in nature and
any apphcation of such model requires specific design as per site requirements, The land
requiremnents mentioned are indicative and it shall be worked out as per the design criteria,
Summary of different treatment schemes is shown in table 1

6.1 Model 1: Minor sewage drain with moderate pollution load & broader channel
a}  Drain hydrological characteristics:

& Physical Characteristics of Drainage System
Width of Dirain : > 153 Meter
Depth of Flowing Water - I - 3 Meter

~ Dirganic Loading
BOD ; < 100 mgh

F Hydraulic Loading
Flow : < X MLD

b} Treatment scheme: Oxidation ponds' Facultative pond {1-2 no.) + Physacal Treatment unit
+ wetland/phytoremediation or waste stabilization pond

cl Applicability; This type of treatment scheme is suitable for draing cirrying moderate
poblution load sewage with wide channel suitable for in-site construction. This [vpe of model
is suitable for 1% and 2™ order drains.

d} Desipn aspect: Depending on the space availzbility and the flow rates of the 1% and 2™ order
drain. oxidation pond, and a wetland with lurrows and ridges should be developed. The ridges
are made of stones/ pebhles specified in the typical model. Area and depth requirement for
such system shall be worked oul as per desion criteria (Figure 61 In {g-siter ireatment
techniques, length of the drain is only varishle parameter for srea calculation whereas
avisifable width of draim will remain fised, Therefore, any design for ie-sity is dependent on
lengsh of the druin.

e} Schematie diagram:
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6.2 Model 2: Minor sewage drain with moderate pollution load & wide channel

) Dieain hydrological characteristics:

= Physical Characteristics of Drainage System
Width of Dram ; 3-15 Meter
Lepth of Flowing Winer : | -3 Meter

# Organic Loading

BOD ! < 140 man
#  Hydraulic L:Judjng
Flow < 20 MLD

b} Treatment scheme: Cxadation ponds Facultative pond {1-2 no,) + Physical Treatment unit

cl

d)

L)

+wetlund/phytoremediation or waste stabilization pond

Applicability: This type of treatment scheme is suitable for drains camying moderate
polluticn lowd sewage with wide channel suitable For in-sitn construction, This type of medel
i suitable for ™ and * order drains. For hilly areas, such system has to be developed in the
marshy depressionsévalleys, In other words, it will be developed at the confuence of the
drain with depression Jow lying ares in the valley,

Desizn aspect: Depending on the space availability and the Mow rates of Ge 2 i 3 order
drain, dimensions of oxidation pond and o wetland need 10 be customised based on the
wvailable flow width w provide the required hydraulic tme of at least 20 hr in oxidation o
and wedand system. Treatment scheme configuration may be customised In-sitg/ Ex-sity
bused on the Now width. Area and depth requirement for such system shall be worked oug a5
per design criteria (Figure — 7),

Schematic dingram:
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Figure 7 Schematic layout of in-site Biological Remediation
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6.3 Model 3: Minor sewage drain with mederate pollution load & narrow channel
a)  Drain hydrelogical characteristics:

#  Physical Characteristics of Drainage Sysiem
Width of Drain : < 3 Meter
Depth of Flowing Waler : | -3 Meter

# Organic Loading

RO : < [ g/l
# Hydmulic Loading
Flow : LHIMLD

b Treatment scheme: Oxidation ponds/ Facultive pond (1-2 ao.p + Physecal Treatment
unit + wetland/phytoremediation or wiste stabilization pond or Ex-Sim Activaied
Eludgze Method

¢) Applicability: This type of treatment scheme is suitable for drains carrying moderite
pellution load sewage with channel width of kess than 3m. This type of model is suitable
far 3" or higher order drains. For hilly areas, such system has to developed in the
marshy depressionsivalleys. In other words. it will be developed a1 the confluence of
the drain with depression flow Iying srea in the valley,

d) Design aspect: Due 1o less flow width, In- situ treatment is generally not feasible in
these categories of drams. Ex site model may be best suitable for providing sufTicient
hydraulic retention time in oxadation pond + wetland system or Waste Stalilization
Pond as per the space available, Area and depth requirement for such system shall be
worked oul as per design eriteria {Figure — §),

¢l Schematic disgram:

{rwectige of 1hi Flow—=

b e ey

Figure & Schematic layout of ex-sine Biological Remediation
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6.4 Model 4: Minor sewage drain with high pollution lead &broader channel
a} Drain hydrological characteristics:

= Physical Characteristics of Drainsge System

Width of Drain = |5 Meter
Depth of Flowing Water : 0.5 - 2 Meter
# Organic Loading
BO ! =100 il
#  Hydraulic Loading
Flow : <20 MLD

bl Treatment scheme: Oxidation pomd + Fhysical Treatment unit + constructed wetland system
or Waste Stabilization Pond

¢1 Applicability: This type of reatment scheme is seitable for drains carrying high pallution
bad {untreated sewage + industrial effluenth with channel width mose than 15 m. This type
of model is suitable for 1% and 2 order drains.

d] Design aspect: Depending on the space availahility and the flow rates of the 19 and 2™ arder
draun, oxidation pond, and a wetland with furrows and ridges should be developed. The ridees
are made of stones! pebbles specified in the typical model. Area and depth reguirement for
such system shall be worked out as per design criteria (Figure = 90, In in-situ treatment
technigues, length of the drzin s only variable parameter for area caleulation whereas
dvailshle width of draim will remain fixed. Therefore, any design for in-sit is dependent on
length of the drain.

el Schematic dingram:
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6.5 Maodel 5: Minor sewage drain with high pollution load & wide channel
ab  Dreain hydrological characteristics:

b}

ch

d)

el

# Physical Characteristics of Drainage System

Width of Drain ; 3 |5 Meter
Depth of Flowing Water : 0.5- 2 Meter
= Organic Loading
BOD : =100 mg
»  Hydraulic Loading
Flow : < 20 MLD

Treatment scheme: Oxidation pond + Physical Trestment unit + constructed wetland sVEIem
or Waste Stubilization Pond

Applicability: This type of restment scheme is suitable for drains carrying high pollution
lead {untreated sewage + industrial effluent) with channel width 3-1% . This type af mode
15 suitable for 1 and 2" order drains,

Design aspect: Depending on the space availability and the low rates of the 2 and 3 arder
drain, dimensions of oxidation pond and a wetland need o be customised based oo the
available flow width 1o provide the required hvdraulic time of at least 20 T in oxidation pand
and welland system. Treatment scheme configuration may he customised In-sitw/ Ex-situ
based on the flow width, Area and depth reguirement for sech system shitll be worked oot as
per design cnteria (Figure 10},

Schematic diagram:
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66 Model 6: Minor sewage drain with high pollution load& narrow channel

al

b}
o

i

gl

Drain hydrological characteristics:
= Physical Charscteristics of Drainage System

Widih of Dirain : < 3 Meter
Depth of Flowing Water 1 0.5 - 2 Meter
#  Organic Loading
ROD ; =] ) mg/l
# Hydraulic Loading
Flow ’ « 20 MLD

Treatment scheme: Oxidation pond + wethind system or Waste Stabilization Pend
Applicability: This wype of reatment scheme is suitable for drains carying only  low
pollution load unireated sewage with channe! widih of bess than 3m. This type of model is
suitahle for 3™ or higher arder draing.

Design aspect: Due o kess How width, In- situ teatment is generilly not feasible in these
categories of drains. Ex situ model may be best suitable for providing sufficient bydraulic
relention tme in oxidation pond +wetland system or Waste Stabilization Pond o5 per the
space available. Area and depth requirement for such system shall be worked out gs per
design criteria (Figure — 1)

Schematic dingram:
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Figure 11: Schematic luyout of ex-siw Biological Remedaution.
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6.7 Muadel 7: Medinm sewage drain with lew pollution load & broader channel

a)

F

Drain hydrological characteristios:

Physical Characteristics of Drainage System
Width of Dran . = 15 Meter
Depth of Flowing Water : I -3 Meter
Oirganic Loading

BOD ; < 50 g/l
Hydraulic Loading
Flow : < 50 MLD

b} Treatment scheme: Facultative posds (1-2 no.) + Lagoon + oxidation pond +

cl

d)

wetland/phytoremediation or Oxidation pond + Physical Trestment unit + Constructed
wetland or waste stabilisation pond

Applicability: This type of treatment scheme is suitable for drains carrying only low
pollution load sewage with wide channel suitable for in-situ construction, This type of
model 15 suitable for 1™ and 2™ order drains.

Dresign aspeet: Depending on the space availubility and the fow rates of the |* and 2
arder drain, oxidation pond, and o wetland with furrows and ridges should be developed,
The ndy_-n are made of stones/ pebbles specified i the 1ypical model. Area and tepth
requirement for such system shall be worked our as per design criteria (Figure — 12}, In
n-sitn treatment techniques, length of the drain s only variable paramerer for arca
caleulation whereas available width of drain will remain fixed. Therefore, uny design
For én-situ is dependent on length of the drain.

€1 Schematic diagrams:
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68 Model 8: Medivm sewage drain with low pollution load & wide channel
) Drain hydrological characteristics:

= Physical Characteristics of Drainage System

Width of Dram : 3- 15 Meter

DRepih of Flowing Water : 1 -2 Meter
# Organic Loading

BOD : < 50 mgfl
#  Hydraulic Loading

Flow : < 50 MLD

b Treatment scheme: Faculistive ponds (1-2 ne) + Lagoon + oxidation pond +
wetland/phytoremediation or Oxidation pond + Physical Treatment unit + Constrocled
wetland or waste stabilisation pond

¢} Applicability: This type of meatment scheme is suitable for driains carrving only low
pellution load unireated sewage with channel width of 3 15m. This tvpe ol model is
suitable for 1% and 2™ order drains,

di Dresign aspect: Depending on the space availability and the Tow rates of the 27 gnd 3¢
arder drain, dimensions of oxidation pond and a wetland need to be customised bazed on
the available Flow width to provide the required hydraulic time of ar least 200hr in oxidution
pond and wetland system, Treatment scheme conliguration may be customised as In-sity/
Ex-situ based on the flow width. Area and depth requirement for such system shall be
worked out as per design eriteria ( Figure — |3,

¢l Schematic dingram:
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6.9 NModel 9: Medinm sewage drain with moderate pollution load & broader channel

u} Drain hydrological characteristics:

#  Physical Charucteristics of Drainage System

Width of Drain . =15 Meter
Drepth of Flowing Water : [ - 3 Metar
# Organic Loading
BoD : < 1) mg/l
# Hydraulic Loading
Flowy . < 50 ML

b} Treatment scheme: Foaculiative ponds (-2 mo} + Lagoon + oxidation pond +
wetland/phytoremediation or Oxidation pond + Phivsical Treatment unit + Constructed
wetlind or waste stabilisation pond

<) Applicability: This tvpe of treatment scheme is suitable for drains carrving moderate
pellution load sewege with wide channel suitable for in-situ consirietion. This type of model
I% suitable for 1" and 2™ arder drains,

d) Design aspect: Depending on the space availability and the fow eates of the 1™ and 2" order
drain, oxidation pond, and a wetland with furrows and ndges should be developed. The ridges
are made of stones! pebbles specified in the typical model. Area and depth requirement for
such system shall be worked out as per design criteria (Figure 14), In in-sity trealment
techniques, length of the drain is only variable parameter for area caloulation whereas
available width of drain will remain lixed. Therefore, any design for in-situ 15 dependent on
lemgth of the drain,

el Schematic dingrams:
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6,10 Maodel 10: Medium sewage drain with moderate pollution lnad & wide channel
a) Drain hydrological characteristics:

#  Physical Characteristics of Drainage System
Width of Drain : 3- 15 Merer
Deph of Flowing Water : I -2 Meter

#  Organic Loading
BOD : < 100 mg

= Hydraulic Loading
Flow : <30 MLD

b) Treatment scheme: Facultative pomds (1-2 noo + Lagoon + oxidation pond +
wetland/phytoremediation or Oxidation pond (2 no.) + Physical Treatment unit -2 ne. )+
Constructed wetland or waste stabilisstion pond

c) Applicability: This type of treatment scheme Is suitable for drains carrying moderaie
pollution load untreated sewage with channel width of 3-15m. Thig type of model is
suitable for 1* and 2" order deains.

d) Design aspeet: Depending on the space availahility and the Now rares of the 2 angd 3
wrder drain, dimensions of oxidation pond and a wetland need 10 be customised hased on
the available flow width to provide the required hydraulic time of at least 20 br in oxidation
pond and wetland system. Treatment scheme configuration may Be customised gy fi-siy
Er-situ hased on the flow width. Area and depth requirement for such system shall he
worked out as per destgn criteria (Figure — 15}

¢} Schematic diagram:
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6.11 Model 11: Medium sewage drain with high pollution load & broader channel
al - Drain hydrological characteristios:

#  Physical Characteristics of Drainage System
Width of Drain : =15 Meter
Drepth of Flowing Water : | - 3 Meter

#  Organic Londing

BOD : = 100 mg/l
#  Hydraolic Loading
Flivw : < 301 MLD

b Treatment scheme: Facultive ponds (1-2 noy + Lagoon + oxidation pond +
wetland/phytoremediation or Oxidation pond + Physical Treatment unit + Construcied
wietlind or waste stabilisation pond

ch Applicability: This type of trestment scheme is suitable for drains carrying high pollution
load (untreated sewage + industrial cffluent) with wide channel cuitable for in-sity
censtruction, This type of model i suitable for 1% and 2™ order drains,

di Design sspect: Depending on the space availability and the flow rates of the 1% and 2™
order drain, oxidation pond, and a wetland with furrows and ridlges should be developed.
The ridges are made of stones/ pebbles specified in the typical model, Area and depeh
requirement for such system shall be worked out as per design criteria (Figure 16), In in-
site treatment techniques, length of the drain is only variahle parameter for wrea caloulation
whereas awvailable width of drain will remain fised. Therefore, any design for s is
dependent on length of the druin.

el Schematic diagram:
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6.12 Maodel 12: Medium sewage deain with very high pollution load & broader channel

a)

Dirain hydrological characteristics:

#  Physical Characteristics of Drainage System

b}

cl

i}

Width of Dragn - = 13 Meter
Depth of Flowing Water 4 I -3 Meter
Organic Loading

B : = 200 mgfl
Hydranlic Loading
Flovwy : < My MLD

Treatment scheme: Pond with mud ball technelogy + Facultative ponds (1-2 no.) +
Lagoon + oxidation pond + Lagoon+ wetland or Oxidation pond + Physical Treatment
umt + Constrected wetland

Applicability: This type of treatment scheme is suitable for drains carrying high pollution
foad {untreated sewage + industrial effluent) with wide channel suitahle for in-sita
construction. This type of moedel is suitable for 1 and 2% oeder drains,

Design aspeet: Depending on the space availability and the flow rates of the 1° and 20
erder drain, oxidation pond, and a wetland with furrows and rid e should be developed.
The ridges are made of stomes/ pebbles specilied in the typical model. Area and depih
regquirement for such system shall be worked out 0s per design eriteria (Figuie = 173, In
-t treatment techmgues, length of the drain is only variable parameter for area
calculation whereas available width of drain will remain fixed, Therefore. any design for
fi-siiy is dependent on length of the drain.

eh Schematic diagram:
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6.13 Model 13: Major sewage dreain with low high pollution load & broader channel
a) Drrain hydrological characteristics:

¥ Physical Characteristics of Prornage System

Width of Dran - =15 Meter
Depeh of Flowing Water I -3 Meer
# Organic Loading
BOD : = 30 mgfl
»  Hydranlic Loading
Flow - S - 100 MLD

b1 Treatment scheme: Facultative ponds {1-2 no.) + Lagoon + oxidation pond + Lagoon+
wetland or Oxidation pond + Physical Treatment unit + Constructed wetland

¢} Applicability: This type of treatment scheme is suitable for diins carrving low pollution
foad {untreated sewage only} with wide channcl suitable for in-situ consiruction. This type
of model is suitable for 1" and 2™ order drains.

dr Design aspect: Depending on the space availability and the flow rates of the 1% and 2
erder drain, oxidation pond, and a wetland with furrows and ridges should be developed.
The ridges are made of stones! pebbles specified in the ypical model. Area and depth
requirement for such syitem shall be worked our as per design criteria (Fi igure |8y, In tn-
situ treatment techniques, length of the drain is only varishle pirameter for area caleulation
whereas available width of drain will remain fixed. Therefore, any design for fe-situ is
dependent on length of the dram.

21 Schemaltic diagram:
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6.14 Model 14: Major sewage drain with moderate pollution Toad & broader channel
a) Drain hydrological characteristics:

#  Physical Characteristics of Drainage System

Width of Drain : = 15 Meter
Deph of Flowing Water : | -3 Meter
~ Orgamie Loading
BOD : < 100 mgA
= Hydraulic Loading
Flow : S0 =100 MLD

b Treatment scheme; Faculative peonds {2 no,) o+ Lagoon + oxidation pond + Liagoon+
wetland o Oxidation pond (2 no_} + Physical Treatment unit {2 ma. ) + Constructed wetband

c) Applicability: This type of treatment scheme is snitable for drains carrving low poblurion
foad (unteeated sewage only) with wide channel suitable for in-sitn construction. This type
of model is suitable for 1 and 2* order drains.

0y Design aspeet: Depending on the space availability and the flow rates of the 1% and 2%
order drain, oxidation pond, und o wetland with furrows and riddges should be developed.
The ridges are made of stones! pebbles specified in the typical model. Area and depth
requirement for such system shull be worked out as per design criteria (Figure 19), In in-
situ treatment techniques, kength of the drain is ey variable parameter For area caleulation
whereas available width of drain will remain fixed. Therefore, any design for be-sitg 13
dependent on length of the drain,

eh Schematic diagram:
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Figure 19; Schematic layout of in-site Biological Remediag
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615 Model 15: Major sewage drain with low pollution load & brosder channel
al Drain hydrological characteristies:

# Physical Charactenstics of Drainage System
Width of Drain - =13 Meter
Depth of Flowing Water : I -3 Meter

# OQrganic Loading

O : < 5 mg/l
#  Hydrulic Loading
Flovar . =100 MLD

Bl Treatment scheme: Facoliative ponds (2 no.) + Lagoon + oxidation pond (2 no) +
Lagoond wetland o Oxidation pond (2 no.b + Physical Treatment unit (2 ne.) +
Constructed wetland

) Applicability: This type of treatment scheme ean be used for biological remediation of
pol luted rivalets frivers'major storm dreins of cities by chanmebizing the drain bed up w0 15
chunnels {distribution channels) and the CW stretch meay extend wpo 1000 m (1 km) and
there may be more than 15 such stretches across a distance of SO0 km (lineas). The width
of gabions should be at least more than 4. as the TIVET CILmy SI0Tm Wier.

di Design aspect: Depending on the space svailability snd the flow rates of the 1% ang 2
order drain, oxidation pond, and o wetland with furrows ndges should be developed.
The ridges are made of stones! pebhles specified in the typical model. Area and depeh
requirernent for such system shall be worked out as per design eriterin (Figure = 200. In in-
situ treamment Lechnicques, length of the drain is only varisble parpmeter for sren caloulation
whereas available width of drain will reimain fised. Therelore. any design for oe-site 15
dependent on length of the draimn.

2} Schematic diagram:
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Table 1: Decision matrix for design of In-Situ / Ex-situ remediation technigues

Model | Description Flow | BOD | Drain | Treatment Technology | Technology | Remarks
n. (MLD | Cone. | Width Type
(mgfl) | (m) )

1. Minor sewage drain with | < 20 <1 | =15 Orxadation pondf Facultative | Tn situ Lagoon sludge removil
maderate pollution load & pond+ Lagoon+ Wetland or frequency — every 3 month, ponds |
broader channel Waste Srabilization Pond or HRT 20 hr min.

In-sitn Activated  Sludae
Methexd

2 Minor sewage drain with | < 20 <100 | 3-15 | Oxidation pond! Facultative | In - sitw' Ex | Treatment enii may be in situfey |
inoderate pollution load & pond + Lagoon | situ sity as per available space
wide channel Wetland/phytoremediation

or Constrocted Wer Land |
CWS)

3 Minor sewage drinn with | < 20 LMy [ <3 Oridation pondf Facultative | In  sitwf  Ex | Oxidation pond will he ex sim & |
moderate pollution load & pond +  Lagoon | situ wel land may be in siod ex sit
nawrow channel Wetland/phytoremediation

or Constructed Wet Land
_ (CWS)

4, Minor sewage drain with | < 20 >100 | > |5 Facultative punrlﬂ:ri:kling In sita Sludge may be recycled partly in
high pollution load & filter +  Lagoon Facultative Trickling filler. Toxig
broader channel Wetland/phytoremediation sludge need 10 be disposed as per

or Constructed Wet Land guideling
(W)

2| Pa
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Model Dieseription "Flow | BOD | Drain | Treatment Technalogy Technology | Remarks

T (MLD) | Cone. | Width Type

(mgd) | (m)

- Minor sewage drain with | < 20 =100 | 3-15 | Facolative  pond/Trickling In sif Ex | Al Treatment units may be in
high pollution load & wide filter +  Lagoon | sito sitwfex situ as per available space
channel Wetland/phytoremediation

ar Constructed Wet Land
(CWS)

. Minor sewage drain with | < 20 >0 | <3 Facultative pondfTrckling | In siw/  Ex Pond/filter/Lagoon will be ex situ
high pollution load & filter +  Lagoon | sit & wel land may be an sitaf ex sit
narrow channe Wetland/phytoremediation

or Constructed Wet Land
(CWS)
i Medium sewage drain | <50 <Ml (=15 | Facultative pond + Lagoon + | In sit Lagoon removal efficiency — 1-3
' with low pollution load & Cridation pond + Wetland or meni s
broader channel Constructed  Wet  Lund
(CWE)

8. Medium sewdge  dran [ < 50 <3} | 3-15 | Facultativepond+ Lagoon+ | In sita/ Ex | All Treatmemnt unit miy be in
with low pollution foad & Chxidation pond +Wetland or | sit sitwlex situ as per available space
wide channel Constructed  Wet  Land

{CWS)

B Mediom  sewage  drain | < 50 < 1K) 1>15 | Faculative pond + Lagoon + | In sin Lagoon removal efficiency — -3
with moderate pollution Oxidation pond (1-2 no.) + months, pond HRT 20 Hr
Ioad & broader channel Lagoon+  Wetland  ar mimimum

Constructed Wet  Land
) | {CWS5)
.I.

|



Model | Description Flow | BOD | Drain | Trestment Technology Technology | Remarks

no. (ML | Cone. | Width Type
(g} | {m)

[, Medium  sewage  drain | < 50 < 1K | 3-15 | Facultative pond + Lagoon+ | In sitw Ex | All Teeatment units may be in
with moderate  pallution Creiddation pond (1-2 no + | i sitwfex sitn s per available space
load & wide channel Lagoon+  Wetland  or

Constructed  Wetr  Land
(WS

I, Medium  =ewage drain | < 50 >0 [ => 15 Facultative pond (2 mo.) + | In sito Lagoon removal efficiency = 1-3
with high pollution load & Lagoon + Oxidation pond months, pond HRT 20 Hr
broader channel (-2 nb) 4+ Lagoond Fr e

Wetland or Constructed Wer
Land [CWE)

12, Medium  sewage  drain | < 5( =200 | =135 Pand  with  mud  ball | In =it Ligoon removal efficiency — -3
with very high pollution echnology Facultative pond moenths, pond HRT 20 Hr
load & broader channel (2 mo) 4+ Lagoon + mikEmLm

Oxidation pond (1.2 no.) +
Lagoon+  Wetland W §
Constructed  Wer  Land
(CWS)

13 Major sewage drain with | S0-100 [ <30 [>15 | Faculmtive pond + | In sitw i Lagoon removal efficiency — 1-3
low high pollution load & Ozidation pond (1-2 no. )+ gt Lhs
broader channel Lagoon + +Wetland or

Constructed  Wet  Land
(CWS)

14, Major sewage drain with | 50-100 | < 100 | =15 | Facultative pomd + | I sitn Lagoon removal efficiency — 1-3
mederate pollution Toad & Oxidation pond {1-2 no+ months, pond HRET 20 Hr
broader channel Lagoon + +Wetland ar | minimim

31 |Pu
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bow  pollution  load &

broader channel

Lagoon + Okidation pend
(1-2  mo) + Lagoon+
Wetland or Constructed Wt
Land {CW3S})

Muodel | Description Flow | BOD | Drain | Treatment Technology Technology | Remarks
n. (MLD) | Cone. | Width Tvpe
imgfdl | {m})
Constructed  Wer  Land
(CW5)
13 Major sewage drain with | =100 [ <50 |=15 | Facultarive pond (2 no,) + | In situ Lagoon removal efficiency — 1-3

rmonths,
IR T

pond HRT 20 Hr

Note: All above models are generic in natre and actual design may vary as per actual site specific requirement
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7. CHALLENGES WITH APPLICATION OF ALTERNATIVE RBIOLOGICAL
TREATMENT TECHNOLOGY

Application of any fn-sit bioremediation of wastewater requires obstruction wall (eheck
s { weeir) to slow down the velocity of Aowing water Any flowing wastewater in storm
water drains carry hige volume of floating material ¢solid waste, plastic waste ele.) and
salt, Such abstruction tw stow down of the veloeity of wastewater results in trapping of
floating material and deposition of silt,

Siltation of drains will result in ponding of wastewater in upstream of such siructures that
may also result in flooding of upstream areas, Therefore, provisions must be made for
regular removal and proper disposal of deposited silt, Floating matter collected also need
to be dizposed off in scientific manner,

Spucing hetween the gabions need 1o be cleaned on regular biasis as it may get choked
with silt and floating materials,

Efficiency decrease in monsoon due tw high flow,

It needs regular harvest of biomass and cleaning of physical filiers,
Lhifticult te operate when depth of water in drain is more than three feel,
Slow process as compared o conventional treatment,

v eftective in backwater, flood water from river on high tides,

8 CASE  STUDIES ON DIFFERENT  ALTERNATIVE TREATMENT
TECHNOLOGIES

Case studies of some of the wastewater interception, diversion and freatment facilities
besed on alernative reatment technologies numely constructed wetland,  soil
biotechnology. oxidation pond, trickling filter and sersted lagoon are a8 under:

8.1 Constructed Wetlamnd

a)

]

ch

Constructed wetiand huy been established at Neels Huuz lake near Sanjay Van by
Centre for Environmental Managemem of Degraded Ecosystems (CEMDE), Delhi
University in collaboration with DDA. The lake i= fed by discharge from driin having
{1 MLD flow. The constructed wetkind effectively results in 90% reduction in BOD
and has resulted in restoration of the Neela Hauz lake which was practically dead due
w high palltion load. The project was staned in Navemiber, 2016 and is currently in
eperation; i was constructed at & cost of Rs, 10 Jakhs and regguires annual harvest of
dead biomass and annual cleaning of physical fillers and removal of sludee from
oxidation ponds,

In-situ constructed wetland system at Riajokan water body was installed by Irrigation
and Flood Cantrol Department, Delhi with o project cost of Rs. 7719 lakhs. The water
bady is fed by a drain having flow of 600 KL, There is 84% reduction in BODF in (he
witer hody post construction of the wetlend, The wetland is currently in operation.

Ex-situ remediation for water body rejuvenation through  Phytorid technology
developed by CSIR-NEERIL This project has been implemented Pan India in 300 sites
and is currently in operation in 2l the sites. The costof the project was Rs 2.2 crore per
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ML for civil construction and Q&M of Bs 20 Lakhs per MLID (including nanpower,
consumables, clectricity, testing, contingency and miscellaneous items). The land
requircment for the project is 1500 m2 per MLD. The technology is highly efficient
with BOD and TSS of treated water reduced to < 10} mes] and < 30 mg/| respoctively.

In-situ. restoration of drains viable for Mow between 1-10 MLD through RENEL
Technology developed by CSIR-NEERL The restoration of six drains in - Jhusi,
Preyagraj was undertaken through this technology while work order has heen receved
w implement RENELU in 10 dmins at Gorakhpur. For implementation of this
technology. drains having 1-10 MLD require a streteh of 180-200m while for dramns
having flow greater than 10 MLEY, the cireich recuired will be 200-600m. The cost of
the project was Rs Rs835 Lakhs per MILD for civil construction and O&M of Es Ry253
Lukhs per MLD {including manpower, consumables, electricity, testing, contingency
and miscellaneous items). The technology demonsteates 40%: reduction in pollution
with BOD and TSS of treated water reduced 1o < 39 mg/land < 30 mgl respectively

Constructed wetlands are under commissioning al Bithoor to treat 2.4 MLD sewage
generated from seven draing directly discharging in River Ganga from Bithoor town.
The constructed wetlands are designed for in-situ treatment of sewage, During the last
vizit by CPCB officials. the wetlands were found to be under COTEIFICTinn.

8.2 Soil Bistechnology

aj

In Bah Bazar STP at Devpravag. soil hiolechnalogy is adopted for treatment of 1.4
MLE} sewage. An inspection of the STP by CPCB officials revealed thal through =oil
biotechnology, & BOD and COD reduction of 80% and 76 3045 respectively was
mchieved while TSS levels reduced by 78.53% and ammonical mitrogen showed a
reduction of 66.66%., Thus, soil bictechnology is an effective remment technclogy with
anly one drawback being that TDS reduced by only 6.48%.

8.3 Waste Stabilization Pond

ajp

b}

In Anupshahar, an STP of 1.75 MLD a1 STP Zone B has adopted waste stabilization
pol technology with five ponds in series for sewage trestment, The analysis report of
treaded samples from the STP indicated 96.77% reduction in BLND, 92.274% reduction
n COD and 1K reduction in TSS. Phosphate and sulphate content alse reduced hy
S2.67% and 35.71% respectively. However, it was observed that nitrate content reduced
only by 3.84% and there wag no reduetion in DS, faecal coliform, Thus, treated
samples were found o comply with general discharge standards,

ALSTP of 0.85 MLD situated in Zone A of Anupshehar, U.P., the treatment echnology
15 waste stabilization through five ponds in series for sewage treatment. The analysis
tepant of treated samples from the STP indicated 74.48% reduction in BOD, 59% in
COD and 81.39% in TS5, Alio, there was marginal reduction in TDS { 3.08%), sulphate
(20.51%), chlorida (10,2%) and phosphate (5.91%), However, there was incrEsse in
Emmontcil mirogen by 22.72% and faceal coliform levels remained unchanged. The
treated effluent complied with general discharge standurds thus indicating that the in-
situ treatment technology is effective despite increase in ammeonical nitrogen,

=1
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ch At the Vindhyachal STP of 4 MLD capacity located in Mirzapur, U.P., waste

stabilization pond technology has been dopted with 4 total of four ponds {with three
different functions); first pond is anaerobec (24,4 mxd9.6n5.5m), second iv faculiative
{754 m x 1485 m & 2.0 m), and two are maturation ponds (Maturation-1: 5545 m x
1504 m x .45 m; Mawration - 2: 56.5m x 1504 m x 1,55 m). Anzlysis of samples
from final outlet indicated a reduction of 77.5% in BOD, 75% in COD and 6360 1n
TSS.

&4 Oxidation Pond

i)

b

In the Falehgarh STP of 2.7 MLID capacity. situated in FAREUKHABAD, the m-situ
sewige treatment technelogy sdopred involves primary oxidation ponds {2 in number
each of dimension 100m x 150m x 1.2 m, followed by secondary oxidation pond, The
treated effluent is discharged into river Ganga. As per analysis report, the STP wag
found non-complying wert general discharge standards for pH. BOD and TSS,
However, BOD and COD showed a reduction of 53 9%% and 14.05% respectively whike
anmaonical nitrogen and phosphate levels reduced by 95 1% aml 97 36% respectively.

In the & MLID capacity STP ai Basd yabati in West Hengal, thene are a tital of three
lagoons in series for trestment of sewapge before maturation pond. The znalysis of
treated sample indicited BOD and COD reduction of 78.57% and 27 3% respectively,
However, during inspection by CPCB officials, il was observed lagoons  are
entiophicated while baffle walls and embankment are partizlly dunaged.

S0 AN EXAMPLE OF PROPOSED TREATMENT SCHEME
A typical first order drain having fMlow of S00 MLD with physical characteristies like length
=20 km, width of drain varying between 30-90 meter aml organic loading of 10-250 mg/
af BOD may adopt in-site constrocted wetland system with hoszantal snd free-Mowing
system. This system will have two oxidation ponds, two physical treatment units and a
comsiructed wetland.

T two oxidation units of 100 m long each are separated by three pabions; the rwo physical
treatment units of 75 m long each and have vertical channels separated by pabions, The
constructed wetlund is of |50 m length and has 15 furrows of & m width, separuted by |5
ridges of 2 m width. The schenutic layout of the proposed constructed wetland is given in
figure-21. Depending upon the width of the drain, the mumber of vertical channels varies
and also length and height of gabions varies from site 1o site. Further design details of each
unit ar¢ mentioned below:

I, Oxidation Pomd:
Depth: Gabions of 4m width with height of 2.5 meter;
Width: As per availability {1590 meter)
Length: 100 meter
MNumber of Oxidation Pond: 02
2, Physical Filters:
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Vertical channels: Width upto § meter, height 1-5 meter. tength 75-100 meter and
numiber of channels varies as per width of drain

Depth: Gabions of 2m width with height of 1.5 meter:
Number of Physical Filters; 02

. Construceed Wetland Systems
Diepah: Gabions of 2m width with height of 1.5 meter:
Length- 150 m long
L5 fumrows of 8 m wide separnted by |3 vidges of 2 m wide

Actual design may vary as per availahle physical characteristics and organic loading
of dramn

#  Expected Outcome
BOD removal: 50-70 % reduction
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ANNEXURE-1

DESIGN AND PERFORMANCE DETAIL OF EX-SITU TREATMENT

Dhesizn Criteris

TECHNOLOGY

*  Reguirement of Physical Characteristic of Draingge System

Length of drain

Width of drain

Brepth of flowing water

*  Orpanic Loading

BOD
COn

1 2-20 Km
P IS m

05 2m

100250 mgl
tLS0-500 mgd

*  Hydraolic Loading

Flow

Volumetric loading

: 2-20 MLD
: H00-400 BOD gfm3 . day

Typical characteristics of different types of Ex-Situ treatment technologies for treating
domestic sewage are mentioned in table below:

8L, | Characterisiic Facultative | Acrehic Aow Avrobic with selids Chxidation
Kb iype thriagh type recyeling Pond
[ Lagoon n Lagnon
I Buspended solids A0-150 FM-330 HADD-S00M -
coBcentrution |
mgsl
X Slodge ape or mean | High Cienernlly 5 Warm: 10-20
cell mesidence time | (hecause of Temperate: 20-30
odaps seftfement) Cold: over 300
. Overall BOD {60 [-1.5 20-30
rermarval rate Ko per
day a1 20"
d Temperaiug: 1035 1035 1.01-1.05
coelficient,
=T [2etendion time, 3-12 Gienerally 3 052 T-15 days
L days
&, BODY removal T S0e00 0508 B9
efficicncy, %
7. Mitn fication Mo Mo Favorable Likely undes -
_ ) comnditinnm )
8. Colitorm removal, | 60-99 B0-90 Bl1-011 | SR
%
9, Drepihy, 1.5-5 155 253 1-1.3m
Ik | Land requirement,
/ML 2200 2200 1111 bl
11. | Power requirement, | 12-15 12.14 18:24 -




7 Y4

5L | Characteristic Facultative | Acrobic flow Acrabic with solids | Oxidation
M fvpe thromgh type recyeling Poeral
) Lagoon Lagoan Lagoon
K'WiPesson -year
12, Minimum power 0.75-] 3753 (518 =
level, KXW (06 !
= lagoon volume
13, | Bludge Atcumulates | No sceumulation: Surplus slidge Accumalates
in Egoon; slids oo oul with | withdrgwn in Dixidation
el effluem cantinuously {daily} Pond; manual
rermoval after i disposed aoff i ool jifrer
RO Yeiirs suituhly SURTIE VEdrs
14 Chatker management | Effuent Partially or fully Weir or pipe Weir or pipie
fows overa | submerged e
weir outlet |
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Cities in India have historically developed near
major water bodies such as mvers to ensure
water access and scemie additional benefits of
prosimity to these natural resources,

India’s rivers and their many tributaries have
been the source of physical and spiritoal
sustenance of Indian civilization for eons,
Eivers helds immense coltoral and religious
significance in India and the cities and locales
on riverbanks are typically important cultural
centers. Flowing rivers support agrienlture,
indnztry, trade and urbanization in India and
are critical for a robust economy to thrive, In
addition, rivers alzo support a plethora of flora
and fauna along their courses such aa fish, birds
and larger species.

Degpite India’s reverenes for rivers these natural
resources are facing wrgent and rapid challenges
which have brought them and their ecologies
to the brink of collapse. Constantly increasing
demand on the hnite waler available in the
river, pollation from wrban arveas, industries and
agricultural runcff are some of the key stressors
for rivers today in India, In addition, the deep
connection that humans had forged with rivers,
with a multitude of religions and cultural
practices and community and individual rituals
are lost today. Cities and towns are turning their
backs to rivers, which are now too polluted, with
too little water or too flooded.

The picture of degradation of rivers and
riverfront is ubiquitous as there is a constant
struggle to achieve a balance between urban
development and environmental sustainability.
Added to the developmental challenges comes
the growing uncertainty and risk wrought by
climate change. To manage risks brought about
by unprecedented and unmanaged urbanization,
increazing population and growing climatic
whiplash, it is critical that restoration and
conservation of rivers, local water bodies and
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other related ecosystems become a co-equal
goal in a city's development. There needsto be a
revolution in planning to improve how we make
policy and investment decizions and implement
solutions. The climate challenge is not only
urgent—it is also pervasive across virtually all
sectors of the economy.

Mational Mizsion for Clean Ganga (NMOG) has
been prompted to develop a balanced approach
tx urbanm  riverfront development (URFIN,
where escological, environmental and social
eoncerns. are addressed harmoniously along
with development to accrue multiple benefits to
people and riverine ecosvstems and also generate
ecomomic dividend for cities, This guidance
note on URFD is to provide a broad framework
in order to plan and develop environmentally
sengitive, climate adaptive and socially inclusive
approach to urban riverfront projects, It can be
considered as a primer for multiple stakeholders
incheding urban local bodies, service providers,
project financing organizations eic. who are
imvolved in planning and/ or developing any
urban riverfront projects.

rovernments, development agencies, service
providers, subject matier experts and civil
societies are needed to collaborate to strengthen
knowledge and capacity for managing the
complex process of urban nverfront development
especially at a time when dimate nsks and
water challenges are becoming prevalent and
are resulting into serious social, nancial and
environmental losses.

Save water, Bave rivers, Save earth, Save
humankind!

Shri Rajiv Ranjan Mishra
Director General

Mational Misgion for Clean Gangn
Department of Water Resources, River
Development and Ganga Rejuvenation
Ministry of Jal Shakti
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SUMMARY

Urban Riverfront Development (URFIN and
planning in India currently focuses on the
built environment (construction, landseaping
and beautification} and the potential economic
benefits to be denwved from these projects.
There are limited considerations of the social,
hyvdrslopical,
impacts of these projects a5 well as impact on
the project itself Also, erratic climatic events
like flood and drought has direct impact on
riverfront projects, Discounting these aspects of
rverfrent planning and development has time
and again led to failed outcomes, hydrological f
ecological/ environmental stresses and disasters
like Hoods with loss of life and property.

envirmnmental and ecological

With thiz context, Mationsl Mission for Clean
Ganga (NMOG) has regqoested World Eesources
Imstitute India (WRI India} to develop a
guidanre note integrating water,
environment and climate resilience  related
considerations within the existing framework

eeclogy,

of urban riverfront planning and development.
Responding to NMCGs reguest, WRI India
has developed this high-level guidance note by
bringing in relevant hydrological, ecological,
ervironmental, social and climate resilience
eonsiderations.

This document is a primer for all stakeholders
whaowish taimplement urban riverfront projects;
to be able to plan and develop projects which are
environmentally sensitive, dlimate adaptive and
socially inclusive, The document, as envisaged,
has three broad ohjectives as presented below.,

F i

25 F

Appraisal tool to support decision-
making on urban riverfront development
based onm emvironmental and social
indicators

Z

[3:_
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A BROAD STRUCTURE OF
GUIDANCE NOTE IS AS FOLLOWS:

Informs project proponent, decision
makers and other stakeholders about
environmentally sensitive, climate
adaptive and socially inclusive
riverfront developments

Guidance o varous  service
providers on design and planning and
implementation of ecological URFD

THE

CHAFPTER I ix an introduction into the history
of urban rivers and their present condition in
nrban India,

CHAPTER I outlines the existing
environmental and social regulatory framework
and the interrelationship between Urhan River
Management Flan (DEMP) and URFD.

CHAPTERS IIT AND IV detail the protocols
for appraisal, implementation process and
governance for riverfront developments, These
two chapters also include a range of case studies
which are provided to demonstrate how cities
across the world have worked to integrate o
variety of ecological and social measures in
UEFDs.

CHAPTERS V sutlines mechantsms to enswre
emooth Operations & Maintenance (0&M) in
UEFD projects and financing mechanizms that
can e nsed,

APPENDIX A presents a checklist to help all
stakeholders follow various steps as suggeated
in Chapter IIL, IV and V.
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CHAPTER I: INTRODUCTION

Historically, human  settlements  have
chistered along mverbanks and developed into
large urban centres when supplemented by
plentiful mesources (food and water), trade and
commerce. The industral ers with s growing
urban populations and economic activity saw
urban rivers change from freshwater sources to
polluted water streams carming mdustral and
human wastes away from urban centres. In the
zoth century, a resurgence of urban dverfront
development came about as commercial, retail
and. residential use, along with vibrant public
spaces, competed to establish themselves on
prime riverfront properties,

Climate change driven extreme weather
events place built infrastructure, property
and human lives at risk. As extreme events
increase in frequency, urban areas are looking
bevond economic benefitz and renewing their
relatinnship with water svstems to make cities

Figure 1 | Evolution of waterfront development
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resilient, such as in Rotterdam (Mackenzie
2010) and to improve the quoality of life of
citizens such as in Cheonggyecheon, Seoul
{Landscape Performance Seriee n.d.}. Urban
design and planning strategies and water
management policies are integrating concepts
guch as water-sensitive cities, sponge cities and
blog-green infrastructure, allowing cities to
respond better to urban hydrological eyeles and
extreme weather events,

Living beside and building along riverfronts
remaing fravght with various challenges zouch
as the risk of loss of life and property due
to floods and spread of insects and disease
dwe to contaminated water. Im India and
other developing countries, such risks are
disproportionately  borne by economically
weaker sections of society who reside in soch
arveas due o the lower eosls of land in thess
wnimproved areas. Development plans often
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PENR AR AETR NCIUEITE UM

Baxe 1 | Urban riverfronts must respond to key challenges of current times

The emvironment in terrns of river catchrment and upstear aneas have tapidly changing land-use profiles;
this has drastic impacts o sedirment bads and funcl solures endenng water bodies as well as local
bindiversity. Climate change drven weather variabalty impacts the extent and frequency of extreme
events such & floods and drowght leading to infrastruciure damage and loss and disruption of services
Finally, changing population and ‘demiograghic patterrs smpact the socic-oultural connectons and
associations that communities hawe with rivers, often leading to the boss af river custodian commurities,
These three interacting themes kead o higher stress cn urban river ecosystems with increased polhation,
extreme eventsard lack of care of the river.

To manage for the uncertalnty brought abouwt by climate change, eidsting planning concepts need io he
traraformed so that cimate rsk can be mainstreamed, and adaptation practices canbe infegrated o
urban and regional plenning. Impaoved data analytics and forecasting tocls must be developed which
can ersure robust decision making for climate uncertainty, Participation of commaenities, particularty of
vidneralle and most impacted oroups in the planning plocess meet be eneaed So that the henefits of
climate adaptive planrung can percolate fo such groups [GCA 2019}

With the emerging giobal foos on - erwiranment, climabe and sodial msoes this document asterts
that there are 3 primary concers that must bie addressed in combiration 25 new urban riverfrant
development projects are condeptuaised and implemerntad 1o mespond 10 critical and rapid changes.
Thus, this guidance note has been developed to support project proponents to develop
environmentally sensitive, climate adaptive and socially inclusive urban riverfronts.

@ o &

Environmentally sensitive urban
ivenfronts refier fo- concepts and
projects which are serdilive 10
facal hydrology,  ervinsrmental
and  ecolpgal  considesstas
by putting  peimary foocus  on
COfGervation.  restorafon - and
erhancerment af fver and associated

(A )

Climate adaptive uikzan
rivarfrants. &ié rvarfionts  which
have adequate planmingd design
baffers 1o deal with future chmatic

wariabilities |y Gmiting  aadd er

rhitigating any sl ecological and
capital loss as weld as damege 10
naturE and built assets

Socially indusive uiben rreedionts
are rverfronts with-  adequete

considerstions -of “the needs 'and
asparaticons of all kacal stakeholdars,
puitoeians  and e ool river
and  rherfronts theopghout the
aimd
iuch

plasmning, development
opeEtkaal | phses o
fierfionts
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do not fector in the socio-cconomic impacts of
displacement of these cxdsting residents.

Urhan rverfront  development  projects
focus primarily on the built environment
{eonstruction, landscaping and beautification)
and the potential economic benefits to be
derived from these projects. There is limited
consideration of the social, hvdrological,
environmental and ecological eoncerns of these
projects, Discounting these aspects of riverfront
development has time and again led to severe

hyvdrological!  ecological/  eovironmental
impacts as well as disasters like urban floods
and loss of life and property.

242

Addittonally, rverine  eccosvstems  provide
many benehits such as proundwater recharpe,
microclimate control, inereasing biodiversity
and controlling floods where intact floodplains
and wellands are present. Further, healthy urban
rvers can also support fishing, recreational
activities and water activity-hased tourism as
livelihood options for citizens,

India, with its many urban rivers and culturally
impaortant sites such as the ghats (like Varanasi
on River Ganga), is well poised 1o demonstrate
the benefits of water and eoo-sensibive urban
rverfront  developments.  Urban  sverfront
development projects along vanous rivers

Box 2 | How to use this document

This guidance note on enwvirdnmentaly sensithe; dimate adaptive and socill incusivg arban iverfront
planning and development has been developed a2 2 primer farurban loce! bedieswhichare costemplating
the rejuvenation and restoration af thel urhan reers. This nate imtends to offer key poings that project
prapanents should consicer before embarking on and during the projact mplementaticn phase

A the lecal contest of each LIRFCx project ste & different, this document & not miended o provide pre-
defined salutions an methods and Technologies that can be underaken to develop URFDS. Alsd, vanious
splutions are desombed a5 part of case studkes but this document iz technalogy agnestic end does not
prefer any specific technological solution. Rather this document prowides a checklist of elevant and critical
aspects, tasks and actwvities that a profect proponent (URFC authorktyd st consider wihile dessioping an
arpy bonmentally sensithve, climate adaptive and socially inchusive LIRFD project.

This gocwment alo prowides a range of global and national case studies of rverfront developments,
mamples of bith good practices and. unsuccessiul srplementation and provides a project frarmeaark
that Future riverfrant develapments in bndia can follos,

This cocament Fas drawn extensively fram an existing publication Soological fierfront Design: Restanio
Rivers, Cannecting Communities' to develon the frioming and anproach to be folowed o deveion ecological
LRF,

Hewever, this document goes Bevand the theory and conceplus framewnoeks uft}fabn}'&nﬂrﬂﬂnr:d
primary pubihiceton and provides an Indis-specfic, decumented, high-level guidance nate By bringing
i P avant
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hydmilogical ecological ervironmeental mocialandcimateresilienceaspectsthatnesdtobecorsideredduring
planning, development and operational phases of riverfront development projects. This-document is
a primer for all stakehalders who wish to implement urban riveriront projects; to be able to plan and
devalog projects wihach ane environmentally senstie, climate adapiwe and socally inclusive.

This: guidebook s an sddendum to any existing reports and guidelines cooutban verfrong
developments and B cesigned o nclude a Broed framescrs onan envirenmentally sencitive,
climate adaptive and socially inclusive approach fihverfhiont proects,

This decument does not inchude guidelines on architectural detafing, techrical details and hertage

conservation practices,
L e, p T @
il i

are alrepdy attracting significant investments
(Mumbai alope is investing INE 685 millicn to
develop the Mithi Riverfrant (Das 2017)).

A balanced approach tw wrban riverfront
development  [URFIY),
environmental and water concerns are addressed
harmoniously along with development can
acerue multiple benefits 1o people and dverine
ecosyvstems and also generate econcmic dividend
fior cities.

where  ecological,

Historical Context and Significance

Urban centres in the Indian sub-continent have
& long and intertwined history with over valleys
and river basing. Beginning with the ancient
Indus Valley civilization to later periods such as
the Maurya, Chola and Mughal eras, cities have
grown and flounshed along the banks of overs

i QI

and in the fertile deltas of river baging. Indian
tradition holds all Indian rivers sacred and
considers them as the purifier, life giver, symbaol
of fertifity and destrover of evils.

Being close to rivers hronght easy access to water
for domestic, agricultural and fishing purposes.
The added access to waterwavs for navigation,
trade and eommerce allowed thess Eﬁﬂementatn
eonmect with each other and enabled Hm g,rhpﬂ:
of large urban centres (Gupta 2o017). Alo

the tangible impacts I:qullE!rl abalit due tE"f‘[.l‘l.l:
proximity to rivers, i ﬂq_EP' eultural. sltmlilﬁnne
for overs emerged in Ind.{a wi:._;r: rm:n “came
10 be associated with Dumm‘l]n_lgr ap.'] l’_ﬁd.lwdua_l.]
ritnals. Thase cultural practices mirmrored natural
thythms such as the hydrological cyele of the
nver, the change of seasons and the associated
flowering, frusting of trees which dictate

] T
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agricultural sowing and harvest times,

Shnee industrial dmes rapid urban populaticn
growth in cities across the world and in India
has changed the intimate relationship cities and
citizens had with urban rivers (Oito, MeCormick
and Leceese 2004),

Improved road, rail amd air transport services
and advancements in science and technobogy
removed dependence on local resources like
rivers, Water was sourced and transported from
distant rivers and reservoirs to meet urban
pecds in many cities and this trend continwes
today (IHS z014).

Rapid increase in urban population has led to
greater extraction of surface water from the nver

Figure 2 | Ghat of Yaranasi

pve

05 well as groundwater (that supports base flow
in rivers), Additionally, dumping of municipal
and construction waste on the rverbanks
adds to pollution levels. Industrial pollution,
wastewater and fecal sledge, agrochemical
runoifs and waste had turned many urban rivers
into zettling drains or cesspoals.

Acroes India, rivers continue to be reverad and
their cultural sgnificance is embedded nto
festivals and mituals, but the deep connections
engendered by daily access and use of local
rivers for domestic and economic purposes haz
dwindled. This has in turn led to a redwction of
local activities that enabled river protection and
rejwvenation.

While in India river restoration sl focusses on
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Figure 3 | Ghats in Patna City

iwage Credi WH Inglia

river cleaning and aesthetic appeal, the concept
of clean rivers on a global level has shifted
towards the creation of healthier rivers which
are able to sustain a wider diversity of fish, birds,
and other wildlife. An ecologically improved and
healthy river draws the public to the water's
edge for various recreation activities such as
to walk, bike, boat, fish, and observe wildlife.
People returning to the river and the increased
andl deeper connection with water leads them
to express a stronger interest to protéct and
restore matural araas and wildlife habitats along
rivers and slzewhere in the catchment (O,
MeCormick and Leccese 2004).

Urban Riverfronts Today

Urban riverfront development in India is thus
far limited to commanding and controlling
river waters and exploiting its floodplains
for the use and convenience of people as well
as for commercial paine realized Ffom real-
estate  development. The modern concept
of urban riverfront development in India
has onginated with Sabarmati+ riverfront
development in Ahmedabad, w'hi.c;h invalved
a grey infrastructure-based  development
for a stretch of around 1o km' (AMC n.d)
Following this, scveral other urban riverfront
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Figure 4 | Stormwater infiltration changes over undeveloped and developed areas
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development projects have been approved. This
list includes Godavari riverfront development
in Maharashtra, Patna riverfront development
in Bihar, Dravyavathi riverfront development
in Rajasthan, Gomti riverfromt development
in Lucknow, ete., hesides similar development
proposals for other rivers across India,

But as more studies indicate the wide range of
benefits of urkan dverfront development projects,
river management practices have shifted towarnds
river protection and restoration of depraded
areas, Cithes today increasingly recognize the
value of eeological services provided by natural
river (eourses) such as flood control, groundwater
rechargs, ete, Natural rver functions (e.g., flood
shorage, water puriication and supply, wildlie
habitat, and safe fshing and recreation) once

i

they are lost or degraded are extremely costly to
replace Incorporating river protection measures
in URFDs can significantly reduce the costs of
recreating these ecological services,

Urhan riverfronts today must fulfil a range of
services from recreation to economic activity and
ecological functions. Urban rejuvenation along
riverfronts when done right i a powerful tool
for cities to Tenew core city areas and revitalize
commercial and buziness districts, Furthermore,
thare is great insistence for greater proximity to
the river, as citizens increazingly want to view
biodiversity, engage in recreation activitics
and learn of the cultural and natural history of
rivers. The pressures to rejuvenate urban rivers
5 paralleled with rapid development acrpss the
watershed which compromises water quality as



increased runoff and untreated scwage cnters
water courses. Urban riverfront developments
must protect and improve of river health
as a co-equal goal with economie and area
revitalization efforts (Otto, McCormick and
Leccese 2004 ).

Principles of Ecologically Sound
Riverfront

This section below 15 derved extensively from
*Ecological Riverfront Design: Restoring Rivers,
Connecting Communities by Betsy Otto, K
MeCormick, and M Leccese of the American
Flanning Association”,

How urbanization affects streams

Changes in stream hydrelogy resulting from
urbanization mclude the following (Carace
2000

= Increased peak discharges compared to
predevelopment levels

»  Increased volume of wrban ranofl produced
by each storm

¢ Decreased time needed for runoff to reach
the stream, particulardy if extensive drainage
improvements are made

Pt o seiogiss

funclioes dred frcngde
e B

Increased frequency and severity of flooding

¢ Beduoced  streamiflow  during  prolonged
periods of dry weather due o reduced Tevel
of infiltration in the watershed

+  Greater munoff velocity during storms duoe
to the combined cffects of higher peak
discharges, rapid time of concentration, and
the smoother hydranlic surfaces that ocour
ae a result of development.

The following principles can be considered as
guiding pillars or anchors 1o evolve goidance
for wrhan river front development. These
principles are for the fundamental purpose
of creating environmentally sound river front
developments and lists the critical functions
that the urban river front should perform in the
context of intense and rapid nrbanizsation and
climate ehange scenarios.

Guiding Principles

To translate these guiding principles into

planning and design strategies and actions
on ground the planning objectives and design
ohjectives mentioned below will be useful,
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Planning objectives based on the guiding principles

Hanfnrimlahlw:hanﬁe riverfromt o inchude immediate micm
watershod and inlegrating streamsrivulets Nowing into the river

PMlae for o larger szale

Uss dévelopment régulatons Ensure spatial conneclivity with ciy's open spacas

Cannuzl bo grais iefwork Provida for public access, connections, and racreational uzes

Manage river resdurces which s deactly accessed by communities
through patticipatory stewardships

Plan for a scale larges than the maerfront to inchede immediato micro
watershed and integrating streame/rivuless flowing into the fver

Establish and formalise mansgamant bodiss within tha urban local bady
ard community’neighbourhond

objectives based on the guiding principles

Enabibe puldlc areesn

Perficipatory slewardahep

Formal monagement anthoeity

:

Damonsirate charactenstics of the city's onigque rilationship wo the river in
the riverfromt design

Dasagn fior fiter sirip and gross pollutant raps at the caty side of AFD

Embpue chatictesistica

Pollution ramovad

Adapt fow impact design-and construction meazures like Bio-engineesing

o

and lendscape intarvemtions 1o restore natural riparisn

Use nonatructural atiermatives to manage water resources

Reduce handscape within the AFD arsa

S

Design for inundation sinks b carry ar hold any inundation from the river
Use developimsnireguintions Ersting spathal connectivity with ciiy's opon Spaces

Deslgn ghats whick are not continwoush' buidt along the banks 3t intervals

Incorpueate information about & rer's natueal rescurces and cuthueal histary

ENCHl s linel By inko the design of Fivarfront isatures, public art, and intargrative signs

Hestrict siver channelisation [ ! charnnlisa the iver 3t the AFD strefch by conlnuoussy iunning walls
2 .
.El h
-
.'\-r.
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CHAPTER II
EXISTING PLANNING AND
REGULATORY FRAMEWORKS
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CHAPTER Il: EXISTING PLANNING
AND REGULATORY FRAMEWORKS

Existing Environmental and Social
Regulatory Framework: Pollcles and
Regulations with influence on Riverfront
Development

Currently, rver management i2 not empowered
by an Act or Policy that focuses on it exclusively.
Having said thal, there are several acts and
policies aimed at regulating and managing many
of the environmental and sorial components of
a river system. Water quality, envirgnment,

JIE SCEDLVE BN S0
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biodiversity and disaster risks are aspects
addressed through specific acts and policies. The
following table presents few key environmental
and social regulations applicable to urban
riverfront  development projects  (MoEF&CC
n.d.}. Please note that this list may not present
ALL relevant and applicable national and state-
specific environmental and social regulations
that may be applicable to a URFD project. The
URFD progect proponent and consulting service
providers must undertake a detailed compliance
assessment  of  relevamt  and  applicable
emvirommental and sockal regalations,

Jal feevan Mission
[LAEAN), 201

This mission’s primany obgectae = 1o
provide uriversal coresrage of water
sipply - atioss 4378 statutory towms
in accordance with Unted  Mations
Sustamable Dewelopment Goal 6. This
migsion takas an inksgated spproach
ard mfogniees that reuvenation of
wigker Dodies ond awstaireble aguiler
mansgement will be critical s aogment
suEtanabke fieb water sasgphy

This crder b Tor the purpose of effective
abatermant of pollution and rejuvenation,
protection. snd  management of tha
Arepr Genga, maintan acplogical flows
through iz erdire  length, imposa
pesfrictions: oo required Gn Industries
ani proresses abutting Ahver Ganga
and o omake priekon for inspection
ol premises, planls, machinery, ete, 1o
augass bhair impact on the oo

The Mational ‘Water Pelicy, 20032 i
errvisioned a5 & framewoek law that can
supodt essertial legislation on waates
nowvemance 3t State and Uraon fesel
This & anshrines the value that water
be considered gt element that sustaing
Ife ard ecology ard not memsly & 8
scarce resource that hes to be divided
ETIONG VKo s COMmpeting uses.

Rbezr Ganga
(Aejuvenation,
Freftectinn and
Maragemert]
Authonties Order,

Matignal Water
Palicy, 2012

e

Lkban green speces and sponge Minktsy' of Housing
cittes will mitigate flood mpact and Urban Affsies,
ard  tupport | development  of urben lochl badie
whan water assets {(surface and

oowndwater]  through . Caoalar

practices Eov recycle and rechange of

teated wastewaters

Thiz Grder shall apply @ the Ministoyol JaiShaki
stales cormirising the Fivér Ganga Stase Ganga Basin
Basin and [t Irilssany e and  Aatbiosities

streams and will quide during plan,

implerrantation - and  ewakiation

phases

section 8 about ‘Conseregtion of Gowernment of Indla,
Fiver Cormdars, Water Bodies and State goverrments,
Infrastructure’ details the b of Miristry of 1al Shaktl
irbran fivers Miristry of Housing
Lartion a3 elabewgiey AndUEen Affairs
Encroachmenis and . diverson  al
wiater bodies (like rivers, lakes, tarks,
ponds, ete) and drairage channes
frkated ares & well a5 whan aea
drainage) mus not e alkoeed. | g
‘Whaneear  enceoachment  has
ocoured, restorgtion to the asbang
feasibde should be undartaken and,
matained propeiy



Z 24
—
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Errdronment To protect and  improve  overall &3 all ersironmental notifications, Ministry of

iProtectiond Act erwinonment. riges and schedutes ae ssuad under Erviranment, Forasts

1986 this umibrells act and Clirmade Changs,
Dok, Sate Gavt.
Centrad Polligion
Cortrel Board, State
Pedligtiain Cartral
Brsandts

Coastal Regulation  Fresection ol fragile coastal belts, ¥ project location & Incated along

Zore (CAZ} coastal belt

Motification 1991

[Z0m)

Land Acouisition  Sets out nales for acqusition of ard by .Appﬂnl:h in case of acopicition of Reverce

At g9 (an GUVEITMENT. Dapartrmenl, Hate

amended] Covennment

Ererommaanial Mandatory ensirenmental dearance t0 Applicable in case bull wpe aes of Stete Polution
Impact Assessment @ cedain categeey of rew development the project i moee than 20000 sqrm Contol Boamds,

Mottication aclivitit  follesdng  erwimnmenta! and the “date Erpirpnmiant
14th Sep-2005 (a5 IMPACT assessment, total constriction area & rmone than TR Adsesament
amended) 1 SILEHD 5. Autherity

Wikdlife To protect widlfe m sanctuares and  Thisactizapplicableifany sanctuany Chief Corservator
{Prabaction] Ack, r'lh'l]l;!l'lﬂpurh.. rakional Flal'k Bxils within 10 km Aillids, Wi dlie
2 radius of progctsie

This ach will B aphcabie f e © o e Feteat
a6 any points, of protected wildlife DEpartment, Kinisiry
x| mn to pra of Emdranmert,
S it L LB B
lacatiens ke Raver Dolphin, which s Cham
& schecle-| animal -3
Adr (Preswarmion To eontral alr podlution by cortroling This 2ot will be applcable durng Stete Pollution
ard Contred of emistion of gir polutarts a5 per the corstruction phese and mey be Contmol Boards
Polluticnl Act, 1981 preseribed standiaeds, applicable during operational phass
fior eq, If the project has any desel
generator sat of maee than 15 kva
capacity or & crernatnnum]
Water Frevention  Tocorrol water polution by controliing This 20t will be applicable during State Polution
&nd Contrel of dischange of pollutents st per the construction phase. and moy. be Control Bosmds

Podution) At 1978 prescribed standands apphicable during operationad plase,

The Moise Foliation The standards for roise’ for day and This act will ba applicable during State Polutian
fequlstionand  night have been promulgated by the construction phase Cortred Boards
Ciorrod) ALtes, AERRCC for varlows fand usas,

2000

Central Metar Ta eheck vehicular air and nose This act wil be applicable during Matar Vehicle
Wehicle Act, 1988 peflutian constroction: phase and may be Department

appiicable duing operational phase.
Mationad Forest To maintain ecological stability through This policy will be applicabde F any  Forest Cepartment,

Folicy, 1588 preservation  and  restoration ©of eco-serskive featore exists inoand  State Govemment
Eeclogical divarsty, arouid the project. and Minstry of
Ervdronrmend, Forests
ard Climate Change
¥
= 1
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In addition, there are a few empowered agencies
that can provide o have provided divections for
urban riverfront development projects. Few of
them are presented below:

National River Conservation Directorate
(NRCD), under MoEFECC - the objective of
HNRCD 15 to improve the water guality of the
rivers, which are the major water sources in
the country, through the implementation of
pollution ahatement works (NRCD 2014).

National Green Tribunal (NGT) - a special
Judicial entity equipped with the necessary
expertise to handle environmental disputes
invalving multi-disciplinary issues. They also
have power to issue orders in cases where
legalitics and regulations are compromised
or are not abided by individoals or entities
including government agencies (NGT 2o16).

City and Regional Land wse plans
and Building regulations are lovallevel
development management mechanisms, under
the purview of Development Authorities and
the respective State-level Town  Planning
Departments along with the urban local bodes,
Theze land use regulations, building regulations
and activity regulations have the greatest role
in influencing the condition of the river and its
watershed in the long-term.

This ool allows the formulation of building
coverage regulations, ereate zoning regulations
through participatory  planning which can

reduce surface runoff, mereaze percolation, ete.

Projects under SPVs and National
Missions such as HRIDAY, PRASAD,
SMART CITY, AMRUT, etc., are development
plans and projects which targel lowns, cilies and
tourist hubs/corridors and religions hubs, I the

o] -
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location of these proposed prejects are along
or near a river, these projects will need to look
at riverfront development guidelines to inform
their project proposals to avoid any eonflict
(HRIDAY n.d.); (AMRUT n.d.); (Ministry of
Tourism 20161,

Therefore, concerned authorities in charge
of preparing and implementing these other
imissicn-based projects such as HEIDAT,
SMART CITY, AMEUT, ete., near rverfronts
should ensure that there is no condlict.

Interrelation between URMP and URFD

Urban  River Management Plan {(URMP)
[NGEBA zoio), which is a city specific
comprehensive planning document meant for
better management of urban rivers (as well as
water bodies and associated ecosystems), should
ideally inform Urban Riverfront Development
proposals. This is because URMP provides the
following plans and information which are
eritical considerations for URFD projects:

+  Runoff from urban watershed

«  Waste and effluent discharge from the city to
the river

«  Appesz, usd and management of rverine
and riparian edges and buffers; have direct
envirenmentaland socialimpectonthehealth
of the river and its ecology

Regulatory or manasgement measures for
the rver therefore cannot ke limited to the

rver, or its immediate edge/buffer but has to
extend to the source, especially the watershed
of immediate impact and gradually the entire
basin itself.

It is also important that administrative and
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CHAPTER I APFRAISAL
FRAMEWORK

A mew urban riverfront planning and
development sappraisal framework is being
proposed  for appraizal of urban riverfront
development (URFDY) proposal and o make
sureé the proposed project and associated
investment 15  environmentally  sensitive,
climate adaptive and socially inclusive. A set of
project reports should be the hasis of phased
evaluation, approval or rejection of a URFD
proposal, The guidelines for preparation of the
project reports are disenssed in the subsequent
section. The praject proponent should prepare

27
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a Project Screening Report (PSR) first followed
by & Detailed Project Report (DPR) if the

projeclt proponent receives an (conditicnal/
anconditional} approval on the PSE.

[A] Project Screening Report (PSR)

A Project Screening Report (PSR) is the initial
high-level project report that a project proponent
should prepare for preliminary approval priorto
the development of a detailed project report. No
expensive primary data eollection and consulting
services is required for the development of the
PSE report, A PSE should contain the following
information:

FAOAET SCREEM L
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A.1 Type of Proposed URFD Project

Fvery urban riverfront development (URFD)

project  is  different and  requires  planning
solutions appropriate to its unigque conditions.
Avcurately classifving these unique conditions is
an essential ficst step, Factors to consider are;

+  Energy environment of the flondplain; and

s Development intensity

A E—

Energy Environment of the Floodplain

Energy environment of the floodplain (Enighton
1984} reflecks the interrelation bebween a miver
stream’s ability o do work (as estimated using
specific stream-power]  and  the  erosional
resistance of the foodplain (as estimated from
sediment size). There i an inverse relabionship
between the eradibility of a fver and sediment
size. The classification i as follows:

» High and Medium Energy Floodplain -
those floodplains are comprised largely of
non-cohesive alluvium (gravel to find sand)



Figure 5 | Ganga flowing In uppa
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[mape Coeditt Aesdedh B3, Wikinedia Commens
«  Low Energy Floodplain - those floodplains are comprised largely of eohesive alhviom (silt and clay).

Figure 6 | Slow flowing river/ streams in Sunderbans
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Development Infensity of the URFD

The devielopment intensity of a riverfront
eorridor can be classified according to the
degree or percentage of imperviows cover—hard
surfaces such as buildings, streets, parking lots,

and sidewalks—found within the corridor. A
hagie classification svstem might be:

«  ulira~urban (80 to 100 percent impervious
cover)

« urhan (40 to 79 percent impervious cover),
and

«  suburban (10 o 39 peroent impervions cover
[Center for Watershed Protection 2o03).

An URFD may fall under a straightforward
classification or have & mix of classifications (for
e.g., densely developed downtown-commerrial
riverbanks to stretches of more naturalized
riverbanks in suburban-residential areas).

A.2 Interrelation between Existing Plan(s)
and URFD Proposal

Existing city level master plans and land

use plans should be examined to dentify
opportunities for spatial integration of open
green spaces with the overfront and Apacian
womes. Any proposed URFD spatial plans should
be informed by the city level master plan and
land uge plans, Loeal area spatial development
plans shonld be developed 1o inclode the spatial
and visnal re-linking of riverfront areas with
the city public spaces and to create a network of
green landscape infrastructure that is sensitive
and incremental to the existing baseline of
socig-economic and environmental values.

Additbonally, the basin level management plan (if
it exists) provides o comprehensive background on
the environmental, ecological, hydro-geclogical,

I

n
= River features are nat urlx'l
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morphological,  socio¢conmomic. and  socio-
cultural conditions and context of the river basin',
It is important for the URFD project proponent
o review and incorporate the suggestions and
ditections as mentioned in the respective basin
level management plan within TRFD plan,

A.3 Site Selection

In caze of large rivers (such as the Ganga) which
are managed through muolti-lavered institutional
mechanisms, it §s critical to examine the cholee
of a site for URFD, Where URFD proposals
are developed on sites which are ecologically
sensitive, vulnerable or the proposal i not socio-
ecomomically or socic-cultiurally vialle, then the
return on investment on the RFD project will be
limited. To ascertain that a site 8 suited for an
URFD project it is suggested that the following
general guidelines be followed during  site
selection:

= Preserie natural geomorphology of riverbanks:
UEFD proposals [master plan or design)
should not extensively affect or damage
existing  geomorphic ureE o

riverbanks. “the
active floodplain u:E;:'r,E-pEﬁ""-,lu.El'ng
high-level  remote “_rgj ’l;u_:]?'l;ippl?:' ]
Morphological featifes \may ineltile; zive

islands, floodplains,

a river beheves, it 15 also a self-regolating
mechanism of the river to manage its course.
Destruction of these natural and dynamic
formations of the rver within its floodplam
will make the fverbanks and settlements
alongside much mere  vulnerable o
inundation /flosd risks and erosion, Urban
riverfronts have to be sensitive 1o the rver
features, both geomorphic and ecological.
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Channelization of the S1-mile 1os Angeles River
and its tiibutary streamswas carried out by the 1.5
Arrrry Carps of Engineers'in 1933 to-quickly remove
starrreaters frorm urban areas and giract them to
the cogan [Citio, McCormick and Lecoese 20040
siece then the iy of Los Angeles has confinaed
Lo reduce its natural and cultural coneections and
dependence on the rver. Indusinial development
grew-glang the charnefzed river but from the
1980 industrig! cecline has left large exparses of
browmfield sites along the rer,

Figare 8 | Concratisation of the Los Angeles
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Today, studies mdicate that the excesshe-hardscape and concrate-lined tverbanks have resulied in poar
water guality caused by wiban munef and the destruction of rative habitar. The eriginal retional for the
concrets ¢hannel system was o maove stormrwater out 1o the ooéan as quickly & passible after rainal
events, This objective & belng re-evaluzted now given the: regian’s dependence on imported water,
aepletion af groundwater and the Impacts of stormwater pollution an stste beaches: The senes of plans
to renaw the Los Angeles River centre around naturalizing the river courde by rerr-mlng the conciete

chanfef and approsemating a naturgd rver channel,
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Preservation of floodpising The floodplain s
the space of the river which allows for the
secommodation of variabilities in mver
dynamics; such as increased volome of
water, debris load, ete. The floodplain is also
a critical belt and hosts riparian biodiversity
which is fundamental to ecological functions
such as nutrient assimilation, water guality
regulations, inundation regolation,  ete.
Urban nverfront master plans should
be planned and designed to  include
the floodplain extents such that no
new  permanent-built  constructions are
allowed within the floodplain; and all new
permanent-butlt constructions should be

Figure g | Characteristics of 2 river floodplain
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allowed only bevond the floodplain. Where
space is limited (as is often the scenario in
urban areas), the permanent structures
constructed mav be elevated above the
high flood level to minimize the impact on
flocdplain ecology and environment, Where
floodplains have been altered, these should
be revived to natural conditions (i not
consumed by the city) through landscaping
and bio-engineering  interventions. Any
spatial interventions to provide access to
the river in the floodplain should be limited
to temporary structures on stilts, or floating
members using natural materials like coir,
wood, rubble boulders.

floodplain

silt and clay

water at flood stage

Image Crmcit: Eiratieth Morles
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URFD proposals should necessarily include
blue green infrastrocture (ecological design
elements and npature-based solutions)
integrated with minimal grev infrastructure
{built-up development). Areas which are
highly vulnerable to erosion with unstable
landform and edge conditions are also
locations along the river which require
special attention,

Spatial analvsis tocls such as remote sensing
and OIS mapping are robust planning
tools that can help categorize floodplains
depending on return period (for example;

e—

Inly Incluslive Uroan Sivertrom Plasning end Develsamesi

delineation of 50 vear floodplain or 100 year
floodplain). This detailed definition can
empower policy makers to take informed
decisions regarding safe permanent and
temporary uses along urban nvers. The
Delhi Development  Authority (DDA) in
collaboration with School of Planning and
Architecture, Delhi and CSIR-National
Environmental Engineering  Research
Institute (CSIR-MEERI) has mapped the
floedplains of River Yamuna. A biodiversity
park has been approved and is being
implemented in Zone O which iz identified
as protected mvenine ceology (NGT 2o20],

Box 4 | Bloangineering as an ecological river restaration tool - Sammamish River Trall

The Sammamish Biver in Redmond, Washingtan State, USA & considered 2 ditical component for fiood
management for the urban and rural communities alorg the river, Inthe 19805 the natural river course
was corwerted into a concrete channel for quick diversion of stormwaters away from inhablted areas.
increased urbanization in this watershesd has increased the rigk of flooding as dewelopment has occurred
closer to the water course and pressines on grey starmeaker infrastnicture has also increased. The river
was alse an impartant migratory path and Breeding ground foe vanous fauna sach as almon and trout
{Enufsen and Weod 2009 whase numbers had rediced following the channelization of the river.

Rathier than rely upon the Ay Corps’ traditional appraach to controlling the dver n the 198046 pragect
planners sought B let the rher be 3 river a5 part of tiver restaraticn. The rver festaration master plan
had tweo major chiectives - to create a maore ratural watenwsy that s accommadating o people and
wildlife and continues to provide food control and protection to the neighbauring communiies. The
project combined bioengineering, in-stream habitat constricton; and weed remaval The floodplain
was enlarged by 50 feet through sculpted riverbank “benches” planted with native wegetation, The
river's meanders and curves have been revived by adding boulders, roat wadk, and gravel hars ta the
once=uniform channel The bank was graded into a senes of earth benches. The top of the bank was
mowed back fram the river about 50 feet at its maximum paint. These benches were planted with native
vegetation and provide the potentisl for different habitat zones. They also are helping to maintain:the
river's flocd-flow capacity

- L ]

The restored riverfront. has become the centreplece of & new 16-mile trail that conneds 1o 4 reglonal 1%

[reenway system. Salmon, steehead, native trout, 2nd upland fparan species hawe rq’tl.trﬁbd tothe rher |5
and its banks (Halt 2003, & o
L1
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Managing grey (built wp) inrastructure in and
arpund the URFD: Dams, embankments, bodges
and cubverts are structures that alter the
characteristic of a river including ecological /
covironmental flows, ecology, inondation
extents and morpholopy of the rver. Apart
from the health of the rver, the mmediate
precincts upstream and downstream of dams
gre also wulnersble to natural disasters. It
is mmportant to identify, map and describe
(including potential risks and qualitative
impacts of such stroctures) such existing and
proposed structures [up-stream 20 lm and
downstream 10 km} as part of the PSR,

In cases where development (settlements, or
roads) has already taken over in downstream
reaches rehabilitation measures for older/
original floodplains must be prioritized. The

Bax 5 | Pollution mitigation for river restoration -
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rehabilitation efforts must be supported with
bin-engineered measures and water diversion
mechanisms which cam operate or carry water
that inundates bevond the floodplain.

Locations with polluting land uses: It is important
to identify, map and describe (mcluding
photo-dorumentation) treated and untreated
wastewater  (domestic  and  mdustrial)
discharge points and solid waste dumping
locations. In cases where such points
exist within the mver precincts/riverfront,
additional measures to mutigate polintion
risks hove to be taken, Suggested messures
include: placement of hio-retention ponds,
reed-beds,  bio-engineered  swales,  oross
pollutant traps, filter strips, etc., at the edge of
such land wses. The suggested measures can
reduce the intensity of pollution in such casses.

Stigo Creek, Maryland, Washington DC

In Montgomery County, Mandand, near Washington, DC the 133-square-mile Sigo Creek watershed,
in poar conditkon before 1920 has benefitfed from a econstructon effort. More than &0 pencent af the
watershed had paved or imperwious surfaces. The creek was palluted by combined sewer ovarflows
(C50) ourend Stofms As a result, only @ few fish spedes— none of them native—sunaved in Sligo Creek,
Fram 1991 101594, Sligo Creek received one of the nation's most extensive watershed wide restaratian
effarts—one that combined grey and green infrastructure interventions,
The water quality in the creek and Its tributarias were improved by separating storm and sanitary sewers
to-eliminate C508 and thioungh revégetation, bank stabilzation, and recanfiguiation of in-stream fiows.
Upstream, three connected ponds were bullt to deran runaff for up ta 36 hours after minfall events, which
alowed pallutants and sediments t3 settle a-d mot be carried downstream i runce
The downstream channel was comnplatehy rebuilt with 19 nateve shik gpeciios reintroduced to the rpanan
zone. Walunteers hen rertroduced native fsh o the streams,
By 1956, fish tpecies had increased from theaato 15, includirg native and polluton-sersitive fsh, Fish
dafarmities, lesions, and tumours dropped 75 percent Mew greemway tralls provide access m_m_‘;_
7

revitaiized resource {Thompson 1996},
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Box 6 | Pollution mitigation for fver restoration - Dravyavati Riverfront Development. Rajasthan, India

Thee Drevyavat Fiver originates in the Arsvalll Hills i Incia, flows-through the ity of falpu Tor dboul 47
kilometres collecting stormewater and wastewater and conmects with the Dhurd River further downst eam
The fiver Faced typical urban stresses, such as encroachments, water pollution and solid weste dumiplng &3
the city urbanized and in 22 there was a significant food svent ading fohigh lods of life and property.
The flogd evend cpused & major rethink of the rivers presence and impartance in-the oty and plans to
rejuvenate the river and résume fhe waterfiont were underfzken by the TATA Project Limited on behalf of
the gowesnment

To rraintaina pristine riverfront and continuous fow of water, a signifcant challenge wes to mterceps a2nd
treat the sewage and industrial efluerts that were endering the mer To achieve ths owtcome 5 sewage
treatrrent plants have been constructed alang the kength of the river totreat up to 170 million §tnes of
wastewater per day (TATA Projects 2078}

Fipure 10| Before and sfter pictires of Dravyavat River, Jaipui
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A4 Connechions

Bivers are complex networks with phyvsical

and functionel connections to  subsidiary
streams and tributaries that flow into as well as
distribute its water. The relation bebween rivers
and settlements primarily develop due to access
to natural resoorces, cultucal drivers, and to
increase the value of neighbouring propertics.
To leverage benefits of an arban river throwgh
an URFD the natural and spatial connections
and links have to be strengthened.,
= Connection of river with tributasies, distributaries,
lowrer prder streams and immediate micro-watershed:
Physical disconnection or disruption of the
functional links between the main river and
anv streams (tributaries flowing into it or
distributaries fiowing out of it} or any lower
prder natural streams should be avoided.
The immediate micro watershed along
the river iz also an extremely important
connection of the river with its larger system

Fipore 11 | Stream order

and bepce the URFD should necessarily
avoid (impermeable) hardscapes to ensure
that the surface and sub-surface flows are
self-regulated,

Conmaction of citys green open spaces with 1he
riverfront: Riverfront development is an
opportunity for creating well connected,
amiversally  accessible  public  spaces
for citizens. Derelict river edges can be
rejuvenated under such projects therehy
ensuring that these spaces are converted into
vibrantand thrving urban districts. Spatially
and physically connecting to a city's popular
and important public spaces and parklands
increases aceessibility to and footfall in
riverfromt districts, Connecting open green
spaces with the overfront also provide
safe corridors for bicdiversity movement
which can help restore fragmented and
depenerated natural habitats  [parks/
gacred  groves, ete.)  existing  within
a development,/city.

Lrvind B e

imepe Creakt K. Fevone

TH e

Stream arder ehiprifar slrsania
wscordiag b thelr slze snd poition b
the walorrhed, When fwa Srctaeder
siraamg intergest, The downdlepe chresm
I aesignad an order of twa. Whes fwe
tecandardar clreame indereecd, e
downclape shream Ie aecigeed an ardsr
of thrse, and m om. This st commen
methad of andering is kadies 15 the
Steablar Method, I.-"-



Figure 12 | Connecting city to river
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Connection of citys pedestrian and cycling paths
with the riverfront: Creating oyeling and
pedestrian connectivity to overfronts, is
the most divect way ko make riverfronts
aceeszible, Additionally, river-front cyveling
paths and walkways that are shaded will
attract more people to the riverfront. While
providing such  inereased  accessibility,
it iz also important to provide ancillary
infrastructure. It i5 also commonly observed

in many eages of riverfront development
that cycle-traffic can cause disturbance to
the public space and therefore eycling access
will have to be regulated. It is also important
Lo ensure that cyvele paths do not dominate
or obstruct the view 1o the mverfronl or
affect the riparian hahitat. Pedestrian and
eycle paths shvuld not be constructed on the
flondplain unless the floodplain is already
lost to development.
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Box 7 | Connecting green and pedastrian corridors with riverfront - Sammamish River, Redmond,
Washington

The Sarnrmzersh Rver in Redmaonid, Washingtan, s typecal of miary urban and suburban strearms. The river
st mriich of its Fiparian area and native vegeatation when the LS, Army Cosps of Er-gheas straightened
and recanstructed the river into a deep trapezoidal channel in the 1860s. Straitjacketing the river destroyed
habisat and dealt 2 blow 1o its once-abundant salmon, In the 19905, 3 stretch of rivar was refurbished.

Using & multidisciplirary approach, cermimunity grougs and other stakehokiers came mgether !:nm-.ﬁ:ahzce
Redmand® waterfrant. Amaong the gioups invalved wers praject designers, Parametrix, the thg.' of
Redmand, King Eﬁunty p:.;hﬁc.ugm:m and the citizens of Bedmond.

Behindg City Hall enginsers re:rmd the river's maanders and curves, and addad boulders, ragt wwaks,
ard gravel biars 1o the once-uriform channel Tying these restaration projects together is Redmond's new
riverwalk, & thoroughfare for jpggers, bikers, and shoppers.

Thie Sammamish River Trall links the communities of the Sammarmish Valley with the King County trad
systern. The cownty hired JGRA-Lanciscape Architects 1o dﬁehp & rmaster plan that inchdes trails,
fishing apportnities, planting buffess, and wildife tabitat erdancemernt Cuarently undtma:.' % & water
corservation Gemanstration garden where residents can leam Jowewater use and environmentally
frendly gardening techriques is part of public stewardship of the river's ecology.

Figure 13 | Pedestrian access 10 spaces within & 5-minute walk of the riverfrom

W P W e e

CONMECT PEOPLE YO THE WATERFRONT

TR TR 3 BT g L LY B T TSl
wipt g i mpm . ParFmale, @l @My

L LT TTTT) | TPe—— " -ﬂ-.-._.—._-_-

image Cizda Sasa

]| —



|lﬁ_ 7

1
i
Seovcetimege Jradi® Nichael Yan Vabkanhurgh Assccistes Ine

A.5 Financial Plan

Tn addition to multi-stakehalder collaboration,
a financial plan must be part of the planning
gtrategy for URFDs. The financial plan must
include an outlay for pre-design studies, degign
and implementation phazes and for operations
and maintenance, and monitoring  and
evialuation works that will have to be undertaken
post-implementation. The financial plan can
propose drawing upon national and state level
funds from river rejuvenation programs.

A.6 Development of Key Performance
Indicators

Az part of the PSE it is recommended to develop
o series of Key Performance Indicators (KPTD

which can be used to evaluate whether certain
required  outputs  and  outcomes have been

achieved through the subject URFD project.
Below ks an indicative list of possible BPIs that
can be considered. This is not an exhaustive
list and project proponents are urged to create
KMz to address the umique context of their
location and community, Once relevant KPLs are
eonsidered for a project, the project proponent
must establish benchmarks for the same, so that
change over tme {pre and post-project impacts)
can be monitored.

+  Bafety, security and access

g. Projected imercase im
river

b Degree of  equitahik
connectivity — pedesgi
matorized transport netvat
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e Degree of access to differentiy abled and
villneralle groups (children, eldedy,
et Inventory of elements enhancing
accessibility {ramps, directional pavers,
efe.)

i Imventory of elements enhancing
accessibility  {ramps, directional
pavers, ete}

1. Inventory of safety  elements
{hghting, Ifeguard booth, etc.)

«  Enhancement of the public realm indicators:

a. Measure increase in area of enhanced
public space from pre-project state,
{enhaneed public space can refer to new
plaza space, park space, river walk, ete.,
that has been created)

b, Twpe and pumber of amenities and
services to enhance  public space
(drinking water, toilets, ete. Ideally
number of amenities should be as
per global standards of services stated,
such as minimum of 1 toilet cubicle
per 550 women or female children;
minimum of 1 toilet eubicle per 1100

mien (ASEAN zo16))
»  Eeological functions indicators:

. MNumber of patural infrastroctune
interventions ineluded which provides

i, Treatment capacity of X million
fikre per day

ii. Storage capacity of ¥ million litres
for certain range of rainfall event

k. Pollution abatement numbers

i Pollution reduced by X% from pre=
project stage

i, Waber quality of output  from
nature-hased  systems — meets
Pollution Contrel Board standards

]~ -

for discharge into water body
c. Increased biodiversity

i, Inerease in pumber of species in
companson to pre-project stage

i, Increase in total pumber of
individuals  per  species  in
companson o pre-project stape

d. Micro-climate changes

i. EBeduction in davtime/night-time
temperature  in  comparison  bo
surrounding arcas

«  Economic benefit Indicators:

a. Projected increase in tourist footfalls
to the site and associated revenue
generation

b. Projected revenue gencration from site

amenitios

c. Projected  increase  in indormal
vendors, artisans, isherfoll) livelihood
generation

d. Projected increase in surrounding

(bevond desipnated floodplain) land
value generation and tax  revenue
collection L s

[B] Detailled Project Report

A Detailed Project Report
undertaken if the PSR is
appropriate stakeholders and
Thiz i5 a follow-cn detailed study ﬁhﬁﬁkﬂdﬁi‘
be carmied out by collecting primary data,
modelling, stakeholder consultation, ete. A DPR
report should contain the following information:
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B.1 Hydrological Assessment

The hvdrological setting of  every
gvstem is anchored on intrinsie or extrinsic
{anthropogenic) aspects. While rivers in
pristine conditions and away from any human
interventions would have only intrinsic aspects
governing their hvdrological settings, most rivers
round the waorld are considerably influenced by
extringic anthropogenic aspects.

river

The key mmtnnsic factors that determine the
hydrological setting of any stretch or part of the
river iz origin and source of water, the terrain
and landform through which the river flows, the
geographic region that it is located in, Within
the river, the hydrological setting changes
when the river moves from upstream reaches
to midstream reaches and it s considerably
different downstream and near its sinks (usually
deltas /estuaries before flowing into the sea/
DCEAN ).

Therefore, to determine and understand the
hydrological setting of & river or a segment of a
river, following aspects and related parameters
and indicators can be examined and studied:

«  Water quantity; incident rainfall in the basin
and ranoff generated, time of concentration
together determine the rate of flow and
volume of water in the river at any given
time {river hydrograph analysis)

=
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»  Hydrodynamics: river features created by
the flow of river and the geomorphology of
the valley

= Source of water: glacial, rain-fed, lake, sub-
surface streams (groundwater]

«  Vardability of inundation during peak and
lean flows

¢« Baline water intrusion extent in the estuary

{in lower reaches of river segment), the

inundation extents during high tide and low

tide events of the sea

EETTING

In addition, the following generic list of natural
and man-made problems which are normally
encoantered o rver hvdrology should be
evaluated ag per the guideline mentioned by
Central Water Commission, Government of
India (CWC z00g).

HEDHAZELNTICAL
ARELSRNENT

AXTFRGPIGERD
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Natural Problems
=  Freguent changes in river course.
Aovulsion  of

{beheading).

+«  Heavy shoal formation causing diversion of
the main current towards the banks,
Development  of  natural  cut-off o
meandering  rivers.  This, sometimes,
changes the meandearing pattern.

one  river into another

= Heavy landslides in the catchment cansing
sudden and steep rise in sill load,

= Heavy aggradation of the rverbed
Thiz causes high flood levels resultmg
in overtopping of banks/embankments
even during floods of relatively moderate
intensity,

= Heavw erosion of banks by hill streams due
to flash flocds,

=  River instability due to changes in bed

slopes as a result of seismic activity.

»  (hanges in river channels doe to changes in
rainfall pattern.

«  Frratic behaviour of rivers in deltaic areas
where they have numerons spill channels.

= Frratic behavisur of braided rivers,

Morphological change: o a4 nver
due to changes in its base flow
(too  little  or too  much  water)

Anthropogenic Problems [primarily forward-looking risk
identiflcation study)

s Degradation of riverbed downstream due to
any future dam or barrage construction.

Effects of constriction of nver width due to
any future barrage/bridge construction.

«  Effects of any future flood embankment
project on the regime of rivers,

«  Effects of extraction of sand and boulders
from the riverbeds and banks,

Effects of spurs and bed bars of different
bypes on river behaviour,

»  Effects of inter-basm transfers of water on
the regime of river.

«  Effects of riverbed cultivation
construction by farmers in a river reach.
Effecta of dredging/channelization of
riverbed,

o Effecis of any current and future KFD and
ghat development on the regime of river.

and

Effects of growing urbanization on the
regime of river,

Flood Rizk Assessment

Also, it 15 extremely critical to undertake a
flood risk assessment study to determine the
fallowing:

+  High Flood Level (HFL) for a return period
of 100, 50 and 3o vears, Danger Level (DL,
Warning Level (WL) and annusl normal
flond level

= aoo-yvear-cld floodplain extent

#  so-vear-old flsodplain extent

. ao-year-old floodplain éxtent

Large permanent m:tn;q-;v. should not h_e.-f.mm
within the 1oo-vear floodplain because they
mmcreaze the amount' of impervious su:rfaee,
exacerbate mnoff problems, and increase the
rigk of costly flood damag,::' (Oto, MeCormick
and Leccese 2004).
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Box 8 | Flood protection - Patna Riverfront, Bikar, India

The riverfront in the ot of Patna, Incha has a dense urban edge, in that-habitation ffermal and informall,
education institutices and government offces are placed along the rver edae with nominal elevation
frer thie thver bevel Thee rver toa had annual flooding events and thee high fiood level is significanthy higher
than the surrounding inhatited areas, making all these human activity zones vulnerable to flooding. Te
rriitigate this risk the rverfeont dewsloprment praject has constructed an embarkment wall along the
propect fooneduce the sk of food ewents which: can damage hahbitation and. official spaces (WIYANTS
2014,

Figure 15 | Embankment walis along riveriront to protect buili spaces in tha city

bemage Credit W Inia Sl

il 45,
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B.2 Climate Change Scerario has to he strengthened to comprehend and
plan for climate uncertainty and adapt; adjust

Climate change poses a high risk to wrfban planning and construetion codes so that pew

infrastructure amd  services  as  exbreme build and retrafit of existing svstems can be done

weather events (particularly floods) can 50 as to mitigate forecasted climate extremes

potentially overwhelm engineered systems. (GCA 2019).

Furthermore, capacity of urban local bodies

Boxg | Spange City Program in China

Uirhan areas are vulnerabile to extreme waathar events; hydiological assesimnents of urban woter bodies
flakes, streams and rivers) can hel in the mapping of at-rsk aeas by understanding the flow guality of
urban waters, Cities can na longer depend exclusively on grey infrastructuse solutions 1o mitgate against
chimate chiange diiven extremes events. Rather dimate prodfog using: fexible toals avd mechanises
(such as Be-green ar maiumal infrastructune) and capacity and msilience bulldiee is critical for oties to
adapt and mantain their Scanomic praminence.,

The Spenge Cy Concept SPC] devela pedinChinais a resilience building measure and water rmanagement
ool for Cities T mitigate effects of ervironmental changes and natural disasters. The aobjective of the 5°C
it thiat starmwator gonersted from rainfall events i absorbad, stosed, infitrated and cleaned using niztural
arclioe manmmade faciiities and the rasfall and stormwater is trarsfarmed into & water resource that may
b ualized during Times of draught MHURED 2014)

The SPC aims to shift the traditional thinking Figure 16 | Sponge city concent
and approach arcund stormmwater managerment .
which facuses on the quick discharge of nunoff
o avoid fooding and inundstion. Instead
SPC |ooks o capture and. utilize stommwater
o the miximum extert possible a5 a onfical
water management practice; Undes the SPC
sustainable wiban  design and  low-impact
desslopment s fegaied 5o that a <ty builds
resilience: and  bloe-gieen  infrasinactune)
o adapt 10 climate change driven axeme
events and  piovides ecobgical function
[Chan, et al. 20083 The SPC cancept is similar
to some- Slormwater managemest concepls
in deweloped countries soch as low-impact
development (LIDY green infrastructure (Gl
ared water-sengitive urban design (WSLD) (L, et
al. 206},

1] -



Climate change is already brnging about distinet
changes to river hydrelogy across India (Singh
andd Eumar 2o018); (Sharannyva, Mudbhatkal and
Muhesho 2018). Shifting rainfall patterns, hokter
and dmer sommers and sherter and wetter
monsnons are dumping moere water in a shorter
duration af time onto Indian rivers. In addition,
research in the Himalavan regions indicate a
significant increase in glacial melt rates which
are likely to increase Indo-Gangetic river levels
for a short pericd before dwindling down

Figure 17 | Sponge city In China

N

In this scenario the development of riverfront
areas into keyv urban locations is foaught with
uncertainty whether the riverfront will have
viable water available throughout the vear, It ks,
therefore, recommended that 100-vear return
period scenario of the flood risk assessment
stndy as mentioned under hydrology section
should be adopted in the feasibility study.
Alzo, to have usable riverfront developments
vear-round, these developments must include
flexible spaces which can accommodate a varied
range of activities and functions,

Image (Ao B Bieess Ineio
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Boxio | Restoning and creating floodplains to allow river floeding during extrame wet period -
Aoom for the River Program, Netherlands

The Nethedands is & courtry 8t high flood sisk due fo its botation at the delta of three river systems -
te Fifyiree, Meuse and Scheldr which fidw into the ocean thioudgh this country, Fuithesmone; miach of
the coumitny fies below sea bevel and & pratected fram Nooding By the presence of levees, sea walk
eyl coastal dunes [Dutch Water Sector 2019], Cheer the 'past century, rvers-in- the-Nethedards have
been creasingly corstrained and confined with higher chies and foomer foodplain zores have also
decreased 35 mew landd wses have Gken over these spaces, Higher volumes of water are expected m
thase mers as o consequence of increated preapitation snd frequent flood events due-to climate
change (Mett MacDonald 20095,

Since 2007, the Cratch government has implemented a programme to Improve flood protecticn 1o
vunerable, |low-lying areas by allowing rivars space to expand natunally (fiood) when Camying high
water volumes. 4 range of measures ae implemented as part of this programme, incheding restasing
reclaiming natural floodplains, deepening river channels, remaving harriers 10 The Aow of Tiood waters
isuich as dykes and bridges bases), areas 1o slow, retain and absorh food waters and restoration af ripanian
wetlands to act as natural sponges (CEDA nd); frusmtesoorderivien 20181 A ik of 2 different solutions
have been mplemented at 34 locations an the Rivers (|ssel, Rhine, Lek and Waal with a budnet of 23
il eunas

The project necezsitated collaborstive working between national and local levels of governmeant, varkous
udities, logal busmesses and communities, About 150 homes and 40 businesses had 1o be relocated in
this project 1o make racm for the rvers (UN-IHE 201 3],

Exarmiples Of gch floodplain restoration warks and making room fior rivers are alsg prasent i varnous
ather countries, with some notable emenging examples in the LS which has been facing a castade of
fiond events. Tepically having faced successive flood svents whene flood protection Infrastrocture wich
as levees hane failed or been damaged, there is a shift towards reconnecting the foodplains with svers
and rermoval of levees and other flood bamsers (Shader 20191

The Army Corps in the US ae widely respansible for constnection, maintenance and repairs ta flood
pratection infrastucture. Fallowing recurring foeding on the Maguaketa Biver in kowa which damaged
a levee, tha Army Carps in collabaration with the lowa Department of Matural Rescurces secured 300
acresof floodplain land, Thistand was transfered to the Green island Wildlife Management for restoration
and protection of the floadplain 10 reduce the impactsof foads, Similarky, followarg the 2011 flioods in
the hissourn River, a flooded lanoknemier cose tosetback 3 levee mstead of rebuilding it in its original
Iecaton (Shader 2012,
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Menu of floed mibigabion measures
z5 described in the "Room for the
Rivet" program
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B.3 Environmental Impact Assessment (ELA)

Environmental Impact Assessment is a process
that evalnates a project’s:

= potential environmental risks and impacts
in its area of influence; examines project
alternatives;

= identifics  ways of improving project
gelection, siting, planning, desigo, and
implementation by preventing, minimizing,
mitigating, or compensating for adverse
environmental impacts; and

« enhancing positive impacts; and includes
the process of mitigating and managing
adverse environmental impacts thronghout
project implementation.

UEFD project  proponent  should apply a
precautionary approach to patural resouarce
management  to  ensure opporfunitics  for
environmentally sustainable development.

Based on the fndings of the EIA, an
Environment Management  Action
Flan (EMP) should be developed to ensure
environmentally sustainable development of the
proposed URFD both during the construction
as well as during operational phases, The EMP
is site and time specific including necessary
responsibility matrix,

Figure 19 | Secondary channel and island developad 28 part of the Room for the River program near Nijmegen
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Ecofogical and Environmental Setting

The  ecological and environmental setting
of a mver across its width and length varies
considerably. Across the width of the river, three

broad ceosvetem zones exist;

Riparian: This is the belt that forms the
interface between the water line and the
land. Wetlands and most of the river features
can be found here, The biodiversity here
is typically diverse, while at the same time
sensitive to the conditions and activities
in the foodplain and lands adjoining it
Amphibian and agquatic life flounsh here,
Floral diversity includes wetland species.
This 15 also an important edge for terrestrial
biodiversity which necess the river for water,
fishing, ete.

Riverine: This is the water fowing belt, which
is dominated by aquatic biodiversity. Floral
biodiversity here is much lower than the
riparian gone, Most of these species form

the higher order in the food web/chain,

N

i SeLEg (v incsudve Uriban Riveriranl Planning sad Developrmeiil

MAPPINE OF ENDARGERED
BIOOIVERSITY
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Thiz makes them highly dependent on the
gpecies in the lower order of the food web.

+ Benthic: Benthic species are the small
invertebrate species which occupy the floor
of a stream/river. The microorganisms
in thiz layer are critical to the health of
the water body es their biclogical and
chemical actions  directly  prevent  the
build=up of carbon in bottom sediments
and deoxvgenation of bottom waters. These
species also act to sequester and move
eontaminants and excess nutrients from
grovndwater and sediments gz owell as
controlling emiszsions of greenhouse gases
{=uch as carbon dicsade and methane). The
integrity of the freshwater supply depends
on how various benthic specics make their
living and contribute to complex food webs
(Covich, Palmer and Crowl 1994].

In all these ecosystem types, the hiodiversity
within these habitats are critical in keeping
the food cycle and thereby nutrient and energy
cyvele intact and healthy, And the biodiversity

LT



in each of these ecosystem types thrive in
its unique ecological settings as elaborated
above. Biodiversity and habitat conditicns
or ecological and environmental settings are
therefore co-dependent on each other and
together determinge the health and functional
capacity of the river. Studies have shown that
"habitat diversity and water guality become
severchy compromised when as little as o
percent of a floodplain is paved or covered with
an impervious surface. A flondplain that is more
than 50 percent paved will result in a waterway
with little wildlife habital and few natural

Figure 20 | Bird species map along river Ganga

i Socipily Inplusee Urbas Nivertrost Mlannag o

=

i Teveloprse]

features” (MacBroom 1998 ).

The DPR. for proposed URFDs should include
information on the biodiversity and its status
(eurrent and baseline), It should also ensure that
the design proposal does not affect/impact the
floral and faunal diversity, The objective of this
activity isto protect natural habitats including the
forest areas and wildlife which in turn protects
and enhances the environment enabling long-
term sustainable development. URFD project
should support the protection, maintenance,
and rehabilitation of natural habitats and
biodiversity,
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Locations with endangered biodiversity; While the river
and ripanan habitat host aquatic and wetland
biodiversily, some segments of a river may be
habitat tocertain species which are endangered/
threatened /rare.

Therefore, TTRFDs in such stretches should pay
greater attention in spatially and physically
controlling access to the river”. These stretches
should be visnally accessible and viewable from
land for ease of monitoring. Such riverfronts

Box 11 | Design elaments Tor the protection of Gangathic river dolphins

will require provisioning of noise buffers such
as through placement of vegetated buifer strips
along theriveredge, Community stewardshipand
awareness plavs an important role in managing
locations with endangered biodiversity, TRFD
areas can have information and display kicsks,
viewing decks above ground (non-permanent
gtruciures within the vegetation buffers) to
provide an opportunity for people to (rejeonnect
with nature without disturbing anyv endangered
Sparies.,

Patna Riverfront, Bihar, indla

The Patna riverfrant develcpment an the Gangs river is a caifical. example of an wrban e praject
rcniparating design details Tor preservation of key fauna i the rivern The Gangetic tver dalphin is an
anic species in the riverand & present across the river stretch resar the ity of Patna: Mo wakdlife sancbeary
% in the vicindty and anenviecamental impact assessment was not mandatory, bt the project recognizing
the presence and irnportance of the river dotphing introcucsd desiagn ekements corsickerning these species
There are 3 spechic interventions that wiere considered -

1. Gabion wall being constrocten o
preserve the river edge woulkd use fine

Figure 21 | Gabion wall sad mpanon flors

wire mesh [of 4 inches sz o prevent
incidents of dolphins being stranded
in these spaces.

2. Space between ghats wwould  be
retained - their natural foron - and
no ewdtic plant species. would  be
introduced, alloaing  aguatic- and
amgpHibious fora fo grow in this
ripanian aone.

3. Duging prcesct implemnentation care
was taken to renirnize sound pollution
i the e glue o hesy sguiprment,
Baats wsedd in the: rives for project
corstructoh - and  Implementation
wied - propeller guards o prevent

injury B rivier dodphing  (OYANTS  Inape Cordie WH ingia

2014)
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Quality of Water in the stretch of the dver where URFD is
proposed; Water quality of a river varies across
its course depending on uses and activities
in its catchment areas. It is important to
map discharge of (treated, partially treated
and untreated} municipal end industrial
effluents and disposal of solid waste. Further
water gquality (physical and chemical) in and
around {especially up to 5 km upstream of) the
proposed URFD project must be evaluated. In
conditions where the quality of water iz not up
to bathing quality , physteal access (o the river
should be controlled and necessary information
about the guality of water should be provided
at the riverfront. Also, a deteriorated riverfront

Box 12 | Ecological restoration

environment  from  contaminated/ polluted
water and floodplain will attract lower footfall at
any URFD development project. Tt is important
Lo remediate contaminated) polluted river water
and fBosdplain (e, improve visuals and odour)
prior to opening of an TEFD project to public.

Similarly, any activitiee {like washing, cattle
bathing, open burning of dead bodies) that
eould further deteriorate the quality of the
water should be suspended. In caze any such
activities are intrinsic to some communities
and is not feasible to ban them completely, a
stakeholder consultation process shouold  be
initiated to achieve a balance between the needs
of communities and the quality of water.

Taswha River, South Koren

The Taehwa Ker flows throwgh the metrapalitan city of Llsan, located in the southesst of the farean
Peninsula. Criginally a farming and fshing oomerainity, in $962 it was designated a5 a special irdustral
2o, |bs status changed again in 1597 when it was designated a metiopaktan city, As the area developsd
et thie years, losy leveds of emaronimental awareness and insufficlent flows resilted i high levels of rmear
cordarminiation fram podarhe tested industrisl wastewster ard domestic sewage. Thie ther seabisr quality
deteriirated: significanthy; resulting i a-tange fish kil in- 1992 and agein n 2000, Exprarbating the dirs
situaticn, unplanned riverbank develooments added to the emdspesmental detericeation af the river.and
its surroundings. The Tashwa River récorded its worst baotogical auygen demand (BOC) level in 1596 al
113 por fsvareress of the savere river pollution wae raised to national kevels in 2000when massise fish

kills wene televised across 1he doustry Lee 2015]

Thiough implemeritaton of Phase Land 1| of the Taehwa Byver Madter Plan, 2005-2014, water guality
the river npraved sonificantly The basic concept of the Taehwa Master Plan was &-fold, *5afe and clean
rrver’, Ecofogically heatthy thver’, Familiar ard close e’ and “Histarical and future fiver” each with its
o Todus acthities, and undertaken thigugh the crganization and participation of local stakehalders

{UNESTAP: & KOOCTA 2071)

Waterquality mprovernent activities included:

1. Theremaoval of debrs, contaminated sediment and sludige.

2 Concrete structures along the fverfront swere replaced with natural revetments for
ancd green lawns snd walking paths were intraduced informerly deserted areas Zian

1. Tofurther encourage peaple 1o engage with the river, ohservatony towers and a tour

corstruched.

As

Improved water guakty due 10 the fvetank redevelopment efforts paid off when, in 2012, the s
selected 25 one of South Korea's bwelve eco-Tolrsm sites,



8.4 Social Impact Assessment

Social Impact Assessment (S[A) should be

carnied out to make URFD project responsive
to social development concerns. STA can also
help enhance project benefits towards poor and
vulnerable communities while minimizing or
mitigating concerns, risks and adverse impacts,
Furthermeore, during the project other social
izsues may emerge such as influxof labour during
construction, a systematic assessment provides
the basis 1o prepare a Secial Management Plan
for the implementation phase.

The main objectives of STA are:

= o oearry oot a socio-economic, cultural and
palitical finstitutional analysis to identify
the project stakeholders and social i=sues
associated with the project;

= to assess the extent of asset loss and
indertake the census of potential project
affected people;

« fodevelopa Besettlement Action Plan (RAF)
in consultation with the aftected people and

project authorities;

n
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Socio-Economic Mapping

Demographic Growth Projections

A pverfront preject must consider the number
of local residents, dailv and annual visttors that
are expected to enter and use the URFD, as
well as account for any varations on festivals,
holidays and other colturally significant days.
To estimate daily footfall into the URFD, the
demography of the urban area, and specifically
of the impact and influence zones must be
sarveved. In addition, the growth projections
for the impact and influence zomes and tourist
footfall must also be estimated to be able to
develop the UBFD appropriately which can
accommodate the estimated influx of people.

Demography and growth projections for the
entire wrban area can be considered as per
census deta or any other estimates developed
as part of other master plans or regional plans,
For the impact and influence zones as well as
tourist footfalls, surveys most be conduocted
to understand the various user groups in the
URFD. The demographic survey should inelude
socic-economic data, gender, age, tme spent
on the riverfront, acthvity on the rnverfromt,
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amenitics used, ete. Such data can reveal
mmsights into the users accessing the rverfront
and indicate amenities and services they might
nesid. Further such studies can indicate if there
are any communities living within at-risk areas
such s floodplains and their vulnerability to
extreme weather events. This data can be useful
to support relocation/ rehabilitation plans as
part of the UEFI,

Socio-cultural Setting

The socic-cultural setting s a key element to
understand the existing and projected usape
that & riverfront development will have. As part
of the feasibility study, a survey of time peniods
{gpecific days or months) of eultural significance
on the mvedfront must be developed. The socio-
cultnral setting will also nclude the estimated
footfall onte the mverfront during these Hmes =
divided into local citeens and tourists accessing
the site on these special event days,

Economic Potential and Livelihoods

Riverfronts have historically been sources of
revenue genevation for riverside dwellers doe
to the abundance of nataral resources available
in these locations. But with growing pollution
levels and decreased dependence on rivers for
bazie needs such as drinking water and food
these livelihood options have dwindled, Now
riverfront areas are uzually dizsconnected from
the city due to the presence of industrial enclaves
or dump yards (which add to river pollution
loads). In addition, low income communities
inhabit these areas as these are the open spaces
available to snch communities to set up informal
hahitations.

Bejuvenated  riverfronts, though, have the
potential o support new livelibood options

#

inclhuding traditional practices such as fishing
and new ones like river-based tourism (boating,
ete.). In addition, clean and vibrant riverfront
districts are prime locations for businesses such
as restsurants and cafes which can generate
revenues for the city. The impacts of a riverfront
development when done well can extend bevond
the actual site and is likely to infleencs 3 wider
region in proximity to the riverfront.

To establish the extent of economic and
livelihood geperation potential & study of the
of the riverfront site must be conducted. This
asgessment must provide an overview of 2
areas, the impact zone or the actual nverfront
development site and the influence zone the
area in proximity to the rverfront development
where changes might happen duoe to increased
foot traffic to the riverfront development site.

i
Impact Zone

= Emsting traditional water-based activities
{types of activities and number of people
employed in this) which ¢in be rejuvenated
to add to the cultural value of the site as
well as enable people to reengage with their

crafts

= Potential of seasonal fehing markets
based on the biodiversity that can be safely
harvested from the river,

«  Extent of river-based tourism activities such
ns boating and water sports which can be
deploved with minimal impaet on natural
flora and fauna

«  Map other urban amenities such as walking
[racks, bike paths which can be extended fo
the riverfront development to connect the
site to the city and increase footfall to the site.

—
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Influsnce Zone

Identify service industry activities
soch as restaurants and cafes, hotels,
ete, which ecan provide additional
amenities to the nsers of the rverfront
development. Such existing nses must he
mapped to integrate them appropristely
with the riverfront development plan.
Also, recommendations to city codes to
support the development of additional
mixed uses in the influence zome of
the riverfront development must be
included.

Cutturally impartant Locaticn with Pilarim influx

River and river precincts are culturally
significant landscapes in India, with many
important and high footprint religions and
cultural nodes located along miverbanks.
For example, the River Ganga hosts major
coltural amnd religiously significant nodes,
especially in the upper and middle segment
of the river. Such nodes have temples, ghats,
gathering grounds and other semi-public
spaces with very high footfall, especially
during  festivales and  special  occasions,
Seasonal  influxes are managed by the
municipality and city administration (e.g.
Kumbh mela) with zpecific management
plans. The day to day influx of pilgrims,
eultural activities and access to the river also
have 1o be managed effectively to protect the
river and its habitat and at the same time
provide a safe and enriching experience
to visitors (pilgrims and tourisis), A well
designed URFD that integrates avchitectural,
acgthetic and spatial markers/features can
enrich the experience while protecting the
ecology of the river. Therefore, such URFD

B B

e

proposals should consider;
= Control of access with respect to footprint

= Ghats that are designed for ease of access
with spatial micro-zoning for activities
on the ghats so that movement of people
towards the ghats is not chstructed

«  Well-degigned gathering spaces in  the
landward side with capacity to hold people
waiting to access the river or river ghats,

Stakeholder |dentification, Mapping and Consultation

Astakeholderis"a person, group, or organization
that has a direct or indirect stake in a project/
organization becanse it can affect or be affected
by the Project /organization’s actions, objectives,
and policies”, Stakeholders thus vary in terms of
degree of interest, influence and control they
have over the project.

"Stakeholder Analysis™ dis the process of
identifying the individuals or groups that are
likely to affect, or be affected by, a proposed
project and categorizing them on the degree of
impact they may face, Thw Jnfurn:latmn 15 then
nged to formylee % %o thal the
interests of afak resaed {m the

project plan/pol

a]ys:is is to
i the sam:iﬂ-
political mwir
It allows for the;

+  Identification of the interests, concerns and
potential fsks surronnding the stakeholders,
as well as condlicts of interests (if amy).

« Identification of  relations  between
stakeholders that may enable “coalitions™
for project sponsorship, ownership and
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eo-operation a8 well as the mechanizms
which may have a role in inflnencing other
stakeholders.

= Kev groups/ individuals to be pinpointed
who need to be informed about the project
during the execution phase.

= Identifving stakeholders (those who arve
likely to have an adverse impact on the
project) and employving effective strategy to
mitigate their concerns.

o Generation of information essential to the
Manning, implementation and monitoring
of the project.

s+ Development of a  framework  for
participatory planning and implementation
of various project activities.

The identification of stakebolders and their
inclusion in the decision-making process is thus
ozsential to the process of priortizing, analveing
and addressing issues, The project proponent
can develop management systems and strategies
to address the concerns/ expectations of varions
stakcholders. Finally, such an analvsiz can also
reveal stakeholders who can be potential allies,
collaborators and champions for the URFD
project, and these capacities can be leveraged
during the design, implementation and
Operations & Maintenance (08M) phases.

“Stakeholder mapping” iz a process of examining
the relative influence that different individuals
and groups have over a priject as well as the
infloence of the project over them, The purpose
af a stakeholder mapping is to:

Identify each stakeholder group;
+  Btudy their profile and the nature of the

stakes;

« Understand each group's specific. issues,
concerns as well as expectations from the
project that each growp retains,

+  Gauge their influence on the Project.

On the basiz of such an understanding, the
stakeholdersarecategorised into High Influence /
Priority, Medium Influence Priority and Low
Influence/Priority. The stakeholders who are
categorized as high influence are those who have
a high influence on the project or are fikely to be
heavily impacted by the project activities and are
thus high up on the priority list for engagement
and consultation, Similarly, the stakeholders
categorized as medinm infloence are those whao
have a moderate influence on the project or even
though they are to be impacted by the project, it
is unlikely to be substantial and 15 thus neither
high nor low in the list for engagement. On the
other hand, the stakeholders with low influences
are those who have a minimal influence on the
decizsion-making process or ane to be minimally
impacted by the project and are thus low in the
engagzement list,

-

High Medium
Influenes —

Priority
Suppesied pethrd o e il ﬂa.hﬁih"_rmqaun'l.'p.rrtm

Stakeholder mapplmg’ls ) l:rl"l:it.:] anpqﬂtp.t to
develop an URFD sd that a hﬂe gag;mﬁ
and impacted grm:ps'ta.nbe JdEut:ﬁﬂdJ :heir
inputs can be taken d:m:ﬁ the p]::r_ﬁn;mg stage.
Mapping of a stakeholders of the Gevelopment
{including, but not limired to) must loak at:

s Official stakeholders such as povernment
agencies, implementation groups.



= Btakeholder groups such as  business
associations, NGOs, community groups,
educational institutions,

Residents in the impact and influence zones
[particulardy any groups which may have to
be relocated).

= Other stakeholders such as  students,
design landseape specialists,
environmentalists, ste.

and

Participation and Dutreach Plan

A riverfront development will be a key addition
to a city and has the potential to be a vibrant
space penerating high levels of direct and
indirect economic opportunitics for cifizens
and businesses. A key component to develop
a successful riverfront iz to engage deeply and
meaninghully with the local community and
stakeholders to understand their requirements
and integrate their feedback into final rive dront
development proposals, URFD planning  and
design must include the participation of all
identified stakeholders. While a complex process
o bring in multiple views and perspectives,
particularly of non-subject experts, integrating
the voice of actual users and implementers of
the project will ensure the long-term sucress of
such developments,

The stakeholder participation process must have
2 esgential components:

«  Development of a participation plan using
varions participatory mechanisms to ensure
that a diverse set of people and stakehaolders
an express their views during the planning
process and of the proposal.

i. Poblic engagement through seres
of public meetings, desipn charettes,

IF B

feedback forms and surveys,

i Ensure  diverse  attendance  of
participants by hosting such sessions
in public community spaces (such as
schools or colleges), at vanving times
and davs.

» Engaging variousstakeholders tobe partners
in the participatory process (o ensure i senss
of ownership for the riverfront development

project.

i.  Partnering with educational institutions to
have them support parlicipatory meetings
(both by wse of their premises and use of
their resources in terms of teachers and
studenlz].

ii. On-boarding local business and resident
welfare associations to maintain their long-

term support for riverfront developments.

Efforts should be extended beyond identifying
traditional etakeholder groups and reach out to
neighbourhoods that historically may not have
used the riverfront, URFD will be more vibrant,
inchisive, and successful when local officials and
developers, as well as planning staff participate
in stakeholder meetings to ensure that everyvone
warks toward the szame vision and that all
important considerations are made known.

The URFD project proponent will be reguired to
farmulate & stakeholder engagement plan (SEF)
and Grievance Redressal Mechanism (GEM) for
the project, The plans will be aimed af;

#  Identifving and engaging with stakeholders
through the life cvele of the project.

+ Identifving and addreszing key social
concerns and requirements,
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Building relations and support with the -
stakeholders, especially the local community

and Panchayat members, stakeholders in a timely manner,

Box 15 | Community dutreach and participation In river rastoration i seoul, South korea

The Han River is the lificling of the city of Seoul and it i aver 1 km wide along the section raversing the
centre cove of the city, dividing the cider inorthl sectzon of the city Ibm the new southl CBO The city of
Seaul s one of the most dersely cocupied cities in Asia, and the need far cormesponding nfrastiuctee
had given rise to the ubiquitous highways alang both sides of the Han River and 18 tridges for motor
wehacles and trains, As the Gty encroaches ever neanes to Both Banks of the Hem Biver, public scoe bty
and the condition akong these tanks become more compramised. The ity bas embarked on s seras of
recavery programs 1o return much of the banks and islets on the e to a mone natural state for public
use and recreation, thowugh the existing highways and taffc congestion will also remain {Hiee and Low
20015

With the igtest 2008 draft master plan and Hangang (River} Renalssance Praject, Seoul municipality aims
to regan the friengly relationship betwean humans and nature and to recover the uninterrupied linkaoe
between ali sections of the oty It also seeks o create a new brand far the city by continually redisoavering
the hidden walua of Han River,

Armang the roame praminent projects mitiated by the govemment ae the necievekprment of Seoul Fomest,
Secrgyudo Bland- and designating Bamseom dsland 25 @ nature conservation arsa, These projects are
mplemented in partnership with private companies and-only affer in-depth consultatons with Seoul
Citizens [Hee and Low 20080

A5 3 positive result of this conguitative spproach, urban transformations along Han Aiver have avoided
The garlier pitfalls and citizen protests and engaged har Citlzens through family-oriented and meaaningful
public spaces along the waterfront

Due ta these consuhations, the projects were wel rated by the publkc znd wee in direct respanse 1o the
reects of Seoul itizens. Being pubbc in nature, these spaces also serve i bridge the infand dewelapments
with Han Riwer thecigh apprapiate developments aleng the fverbianks. The programimaatic functions
were alse influenced by the feadback from the public hence SECLTING the critical pracs of users o enlven
the place and ensure the sustainabiimy of the development {Hee and Lo 2009

Receiving, recording and addressing any
grievance/complaints received from  the

Resettlement Action Plan (RAP)

A URFD project may result in land acquizsition
and/ or relocation or loss of shelter for non-
titleholders and/ or loss of assets or access to
assets and/ or loss of income sources or means
of Iivelihood, A study should be undertaken to

avoid or minimize involuntary resettlement
where feazible, exploring all viahle alternative
project designs. It also intends to assist displaced
person by improving  their former living
standards, community participation in planning
and implementing resettiement and to provide
assistance to afected people, regardlezs of the
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legality of title of land. An understanding of the
issues related to social, economic and cubtural
factors of the affected people is critical in the
formulation of an appropriste rehahbilitation
plan. A Resettlement Action Plan (RAF) should
be prepared in consultation with the Project
Affected People (PAF) to ensure that no one is
worse off than before the project. Restoration
of {at least) pre-project levels of income is an
important part of rehabilitating socio-cconomis
and cultural svstems in affected commmunities.

Indigenous Peoples Plan (IPP)

This plan aims to protect the dignity, right
and cultural unigueness of indigenous people
impacted by URFD projects and to ensure that
they do not suffer due to development and
they receive social and economic benefits. This
plan will be prepared in consuliation with the
community and project authorities,

B.5 Design Strategy

Riverfront developments must be imagined as
kew public space additions to a city and must be
open and accessible to all citizens. Furthermore,
as a public space in a city riverfront spaces
should also include elements and features that
enhance the public realm by creating a space
that is attractive to a wide range of users.

Equitable Access

Equitable access should be ensured for persons
across all income categonies, age ranges and for
differently abled persons.

« To ensure that all people are welcome to
such a public space it must be ensured that
arcess is free for all persons.

= T ensure that persons across varlous age
panges and different abilities can access
rverfront spaces, the puhlic space should
be universally accessible and include design
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features such as ramps and slopes to allow
for ease of movement.

«  SBignage should include multiple languages
and iconography to provide information for
wsers with varied linguistic abilities.

« At a citv scale, URFD projects must be
aeeessible from other locations via multiple
public teansit and para-transit connections,
Thus, aceess points to URFDs must be
ineluded in the transit network of the eity

Addressing and Managing the Built Environment

The built environment inariverfront development
must integrate with and respond to the existing
natural landscape and builk form on site. In
addition, the boilt elements on site must also
enhance the experience for wsers by providing
visnal/ aesthetic appeal and/or comfort.

Riserfront Neighbourhood and District

In addition b the rverfront development site,
the design plans and proposals muost also inclode
mterventions (st least minor) in the adjaining
nelghbourhoods and sverfront distael, The
interventions can be limited to improving
pedestrian thoroughfare aceess in these localities
to dccess the rverfront easily and provide
signage towards the river. Vehicular access to the
riverfront can be limited to specific locations only
to reduce congestion in riverfront districks.

Histaric! Cultural Aspects

Most existing riverfronts in India have historic
or cultural significance and are the sites for
various cultural practices which require access
to the river. In such cases the URFD must
integrate these existing uses and enhance these
sites by providing a greater level of comfort
for uses (such as shaded arcas, benches, cte.)
and increased services and amenities (toilets,
changing rooms, drinking water, ete. ).
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Public Space Blements

Public space elements are crucial o develop
psable and accessible public spaces such as
URFDz These elements must include lighting
design and fxtures, seating clements, green
space, signage and services and amensties at the
very least. These elements must be designed as
per existing safely norms and alse o meet the
forecasted use on site, Furthermore, public space
elements must be designed and located taking
into account pessible flooding and high-water
levels so that there is no or minimal damage to
these elements. TTRFD authorities can apt for
low-impact design for public space elements
and choose locally available or manofactored
products for public space elements.

Ahove and bevand this URFD authorities can
choose to implement additional elements such
as public scnlptures, artwork, ete., which can
enhance the public space and improve the
experience of usera in the space.

Lighting
Lighting design on a riverfront is critical as
appropriate lighting will improve safely and
enhance the environment of the site for evening

and night-time use. Lighting must include
measures for ambient light, safety light and

=ITEE a0
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work light. Use of lighting fixtures must be
considered in tandem with trees and other
high features which might cause obstructions.
It would be useful to include multiple types of
lighting fixtures which can provide lighting at
varions heights, Provigion of solar lights might
be considered to reduce dependence on the
grid and reduce variable supply issues. Lighting
design must also aceount for varving water levels
(high flood level, ete.) and place fixtures in such
locations to minimive chances of damage from
rising water levels. |

Seating

The rverfront is both a usable and leisure space
and can attract nsers carrving out either or hoth
functions. Providing appropriate seating can
enhance the time apant by users on the rverfront,
Seating should be designed and located to
provide unobstracted views of the river. Seating
at varying heights and different configurations
would aceommodate a wide range of user groups
BCIOSS varous ages. Care must be taken that
seating elements themsebes do not ohstruct
mevement paths and views for nsers,

Gres=n spaces

Including green spaces in URFDs will improve
visual aesthetics and comfort (shade). Using



a range of local and native tree/ plant species  design. Furthermore, green spaces can also he
can improve the micro-climate by helping to developed to provide ecological services auch
regulate temperature, humiadity on a microscale.  as erosion control, water quality improvement,
UEFDs should integrate existing trees into the  bio-diversity refuge, ete.

Box 14 | Publle space - Dravvavati Riverdronl, Relasthan, India
) ’

The Dravyavati Bverfront project was undertaken in the oty of Jaipur, india after a sigréficant Noading
event in 22 which led to high loss of life and property. The river siiffered froen Ivpical isdues which ail
many urban streams in India, such as encroachments and - habitation Bl -onio the rivers Aoodpains,
sewage and incusinial cutflows intg the nver and dumping of solid waste The 2012 flagd was &
wake-up call to the local governiment and citizenry ta review arkd revive their relatianship with the river
The praject undertaken since 2015 .on behalf of the governiment by TATA Project Limited mejuverated the
river and created am extensive and high-quality public space for the city of I2ipur,

The publc space added 1o the city i a total of 100000 5g. i area distributed afong the river in multiple
sections. & welland Zone in the river renenstion stretch wis Geweloped asa bird park, creating a Fabtat
forr loxcal and rigratory binds, This site was Tormerly the &am Sagar Dam which bad been damaged ina
fad event (TATA Propscts 2018,

A anchcape park Pas been developed which hosts arange of public space elements; such a5 walking
tracks, Cyoie paths, pavilicres, viswmyg areas ardd 3 marketpiace Inaddition, public space amenities such as
Foad kicsks and drinking water ponts are also present. Finally, a botanica! garden has alsa besn createcd
hausing owver 20000 plangs of dround 1000 species [TATA Projects 20181

Figure 22 | Scenes from gong the Drovyaveti Riverfront project in faipus
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Signage

Signape is a key component of sucesssful public
space design as it helps users identify gervices
and amenities on site and provides any historic/
cultural/ ecological information on the riverfront
as well. Signage should be developed in multiple
languages and in simple iconography to allow a
range of users {of varying linguiztic ability) to be
able to access information.

Lervices and Amenities

{limate Adaptree sad Socis iy inclasivg Urbar

Lifeguard boath.
Food kiosks.

[C] Planning and Institutional Strategy

Many URFD: are driven by national river
conservation plang  which see  riverfront
development as a critical part of river
rejuvenation. But eventually the maintenance
and upkeep of URFDs falls to the urban local
bodies where the development is located. The
URFD planming strategy should include a

mechanism for collaboration across agencies and
a financial plan to ensure ease of implementation
and O&M. For continued O&M works, the D&M
agency and a revenue generation stream must
be identified. Sorme of the services and amenities
provided at URFDs (such as convention centres,
auditoriums etc.) can be paid services,

URFDs are developed with the aim to increase
nverfront footfalls. These sites should also
improve services to the increased number of
users to the location. Service and amenitiss in

UEFDs should include (but are not limited 1ol

»  Drinking water,

» Toilets, washrooms and changing rooms.
«  Waste bins (segregated],

= Cycle stands.

Imstitutional collaboration must be ensured =0
that design, planning and implementation of
the URFD can happen in a seamless manner.

Boxig | New institutions to finance and implement urban rivertront developments - Copenhagen
City and Porl Development Carporation, Denmark

Copentagen, like many global cities faces challenges of upgrading clder and stressed usban infrastructue
and yet has 1o deal with contestation agamst taw increases and cesses. The city developed a new type of
ingtitiition ja public asset corporation] as an altermnatie 1o sxsting public a-n_r!:huf'rﬁp_c.,_whid-. cauld functlon
Indeperadently, yet be publicly accourtable, cost efficient and fevenue maximizing, while maingaining
a lang=erm, hofistic view of prajects urdertaken The Copenhagen City and Part Development
Cosporetion {CCPDCH was set up by naticnal law (Morng 2019 to manage port and other harhourfront
ireddevelngments Maoring 20130

The CCPDC s a pubiicly awned, privately managed aganization which hrings together the lean butiness
efficiency of a corporation with the pulilic sccourtability of a government agency. The CCPDC A designed to
be ahle to bypass public sector rechlations such as tendering and 5 able to create subsiciarles, oint-ventures
and use other corparate mechanisms o Incease revenues, This alliwes the agency flexibility to cheoase
or discand profect options and opperiunites, firancing rmechanisms (PPR T etc) with only maximum
rEVENLIE OENEration as a goal and ase nof hindered by other socio-pafitical concerms [Moring 2019
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Further URFDs are by their location often cutoff  bus, auto services to some of the riverfront
from the rest of the city, Working in partnership  locations. Similarly working in partnership with
across agencies can help build connections and  waler resources departments can cnsure that
access to the URFD, for example local transport  water flows in URFDs are maintained.

agencies can support the URFD with dedicated

Box 16| Constiiution of the Nationai Missien for Clean Ganga to implement river improvement
projacts, India

The Garga tiver &-ore of the mast iconic feers in the world and in India s reversd a5 a holy rives with
warious begends, mvihs and cullursd narratives assodated with & In addition, the rver basine accoents for
approwimately 26% of the country's lsnd mas (NMCG 2018) and houses about 600 million inhabitants
(The Wedd Bank 2015} Decades of development, urbian and industial growth and the assodated charges
in land use In the river basin brought about sknificant pollution and changes to water fiows in the Ganga
Ehar,

To enable pollution abatement and conservation of the rver, under the powess of the Erwiranment
[Protection] An:t 1586, the Central Government corstituted the Mational Ganga Faer Basin Suthoety
MGREA) in 2009, The NGRBA in 2011 set up the Natioral Misslon for Clean Ganga® (NMCG) a5 the
implementation agency to undertake on-ground project wosk in conjunction with relevant local Bodies
[MaEF 20050 ta achieve the mandate of NGRBA,

HMUOG maintains 2 basin-leve! perspactivie (through v data monitering) and oversight of on-gaing and
proposed: projects and is able to assess the impacts of interventions ina kcal and river basin scale: This
iz & single agency with the charge of pallution abaterment and mairtaiing e bealth by managing
envionmental flows. It 5 able to undenake a range of iMterventions 1o suppon developrment and
deployment of technologies, processes and community engagement 1o achieve these outoomes, Projects
approved by the NMCG are eligible to access a range of funding sich as fram the World Bark project or
the Clean Ganga Fund. Furtharmore, KNMOG itself has discretionary powers 1 andertake dishursement
of funds far Ganga rejuvenation projects thraugh management of an endawmant or trust MM CG 20151
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CHAPTER IV: GUIDANCE FRAMEWORK -  Grievance Redressal

This section provides a guidance overview that
shonld be adopted during implementation
and operational phases of URFD project. This
guidance 5 intended to provide a generic
everview to ensure the effective implementation
and adaptation of the following plans for URFDs:
+  Management/ Action Plans

= Change Management

«  Monitoring and Evaluation

= Training

= Information Disclosure

This guidance overview is currently generic in
nature and is not inclugive of all the state and
pational compliance requirements as well as
requirements obligated by financial institutions
that are supporting the Project. A project specific
plan shall provide a transparent tramslation
into action of the Project’s approved design
plang, impact management plans, applicable
federal and state legislations and permitting
conditions, project lenders’ requitements and
other environmental and social commitments
and obligations.
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[A] Implementation of Management/
Action Plans

These are core documents and supporting
processes. which allow the identification and
understanding of requirements, commitments,
risks and impacts, set out the varions controls
and measures needed to manage Tisks and
objectives, and drive continual improvement.
Following is a mimimum hist of plans that need to
be eonsulted during implementation of URFLD.

«  Approved Construction Design and Plans

Environmental and Social Management
Flan
Land Acquisition and Resettfement Action
Flan

+  Indigenous Peoples Plan (if any)

»  Hydrological Impact Management Flan

+  Biodiversity Management Plan

These documents should be  aceompansed
with procedures and/ or flowcharts that
define implementation processes and controls
{including standard procedures or flowcharts,
detailed  work  instructions, manufacturers’
operating [/ maintenance mstruction manuals,
ete. ) to ensure effective implementation.

Wherever feasible, these documents will be
retained in clectronic format to facilitate efficient
contral and distribution. All these documents
should be clearly identifiable. Each update or
revision should be authorised by the appropriate
authority prior to distribation. Documents are
to be organised in a disciphined manner, clearly
identified with respect to type of record and

range/period covered.

[B] Change Management

Management Plans are intended to be Tive'
documents as the site-specific conditions can
change with time. In ¢ase of amy change of site-
specific conditions, the project implementation
team should initiate a review of management
plans, The project lead shonld seek for external
third-party consulting help for any change in
approved management plan. In addition, the
project lead should voluntarily initiate a review
of all management plans on an annual basis to
update the plans, ff necded (nobe: some plans
may speeify a different minimum frequency
of updating). In case of any such change in
management plans, the revised plans/ the
proposed changes should be approved by project
lead, project lender as well as regulators and
stakehaolders as deemed appropriate,

Additionally, the on-going process of stakeholder
engagement  may  generate  addilional
commmitments (often promises’ o ‘undertakings'
to individuals or stakeholder groups) that may
nat be reflected or identified in the approved
management plans. These commitments should
be recorded throuphout the implementation
phasa in a live document like Stakeholder
Engagement Register, which facilitates tracking
across all the warious commitments made to
stakeholder pgroups (affected communities,
local government, lenders, NGOs, or other
organisations) over the life of the Project. The
Eegister should set oot timeframes for action
and assign responsibility for [ulfilling such
comimitments to the appropriate individuals,

units  or, the
implementing third party {e.g. the contractor, an
NGO or local government agency),

business in s0me Cases,
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Box 17 | Community engagementl

Commumity Engagement and Participatory inrtiatives often laose traction in the lang term, due 10 lack
oif awnership and stewardship among users and direct beneficianes {oommunities) This is attabuted to
the gaps in the modis operandi of community participation ead engagerant smplowed In mast of the
current communidy engagement practices.

The mockel for Community Engagement by TREE Craze Foundation (TCF)™ under its program CERRE
{Community Engagerment for Bheer Asjuvenation and Enviranment) sugoests an institutional framewark
for the nen-lormal, non-govensment entities, namely CROs, NGOs, academic onganizations as well as
citizens o wotk together, The key companents ane-anchosed asound & River Trust Model which can be
initiated and cperationalized throwgh a pllot. Some of the components of this River Trust Woded are:

- Faver Trust which inchudes a hietanchy of Iozal chapters and regianal chapters wihich are based on
ryadrofogical boundaries

= Public Participation and Stakahalder Strategy Plan.

- Warking groups which imchedes focus groups.
Action Plars for sub-programs,
Knowledge matesials Toolkits, guidelnes and a Charter far the fiver Trsts. The misdel |s designed
to achieve the followirg chjectives:
1. Two directional low of infarmation between gosemement and carmmuenities

Aoprbreraess

Empowered Citizens

Transparerey

Ownership

Collaboration 2nd partnerships towark together

Brigkging gaps between participating stakeholdets and decsion makers

e BTN T

This.-model by TCF for carmmunity éngagement anables an mstituticnal arrangement which can anchior,
host, marage, inifate and hand-hold communite mernbens and ather stakeholger anc decsion maxers,
River Management Trusts of Aiver Trust at bocal and sab-Basin-level supported by 2 Steering Committee
and Wrking Groups far each local rives trust 18 the mest successfl institutional model wordwide, Given
thee scabe of fivers, bypes, and the population impacted In a country like India, it & preferned to have local
river trusts for each subrtributany or trioutary of the river, each of wiich is represented at the larger body
iwhich would be the Rives Trust for g givers River

The \dtinate chyective of CERRE program & o empower the Citizens 1o own, runand manage their local
rivertrusts and together build the negwark of focal and regloral river Trusts to enable Jocal and basin level
goak for river rejuvenation.

The madel for noi-formal instintons frameswark under CERRE programme of TCF & llustrated bekiw

T P
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The bax to the bottom left of the above llustration shows the compasition of iocal chapters. No formal,
gowernmental institutons are part of the river trusts. This distinction is absent in almast all entities formied
fer implementing prajects and programmes, but this distinctian is impartant 1 ensure that citsn and
commurety voice i tuly and independently represented, This is an important and wrique feature of the
model far community engagement proposed by TOF

Figure 23 | TREE Craze Foundation (Information Brochure on CERRE Programme)
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|C] Monitoring and Evaluation

Monitoring and Evaluation (MEE) are critical
for effective implementation of mansgement,
action plans. ME&E records consists of documents,
reports, photos, forms [/ templates, recordings,
data, etc., that demonstrate the implementation
of management plans stating resubts achieved or
providing evidence of activities performed,

The project proponent should set up o M&E team
which sheuld report to the project lead, The M&E
team should have an overarching responsibility
for the management, monitoring, inspection,
and reporting of management plans. The team
shoubd ensure that the project implementation
team should have the right knowledge, skills and
experience necessary to perform their work as
per the approved management plans, The M&E
team should:

o Condoet Bi-=annual  aodits  on effective

implementation of management plans,

+  Report corrective and/or preventive actions
in eoordination with the project execution
feam,

«  Drive the continnous  performance
improvement in relation bo implementation
of management plans.

+ Heporting of KPls on megular basis as
detatled in PSR (Chapter 11 Section A6,

[D] Training

All Project personnel, whether internal or
extornal (with specific assigned  tasks), are
required to be professional and competent.
A5 appropnate, individual | competencics
will be demonstrated through professional
qualifications and/or on the basis of adeguate
personal experience, training and forinstruction.

T2

It is imperative that all project execotion staff

and contractor personnel know and understamd:

«  Their respective moles, responsibilities and
specifie duties in relation to implementation
of management plans.

The importance of compliance to prﬁje:l
management plans, to the requirements of
the varions regulations and to the project
lender’s requirements,

#  The polential consequences of procedural
failures  or  devigtions  from  planned
arrangemtents, especially with regard to
potential envirconmental degradation or
stakeholder disappointment,

Training should oecur at all levels thronghout
the implementation phase of the project. Project
speeifie training program should be developed
by ineorporating various requirements under
managementy action plans, regulatory and
permit requirements as well as any specific
requirements from the project lead, The training
materials should be reviewed and updated on
an annual basis W sceommodate any change
in cireumstances, I is impotant to mainkain
up-to-date training records as well as (o ensure
sufficient gualified capacity to deliver these
training programes,

[E] Information Disclosure

Implementation of URFD projects are expected
to have social and environmental impacts on
the community. Therefore, inguiries, concerns
and complaints are expected to arise during the
implementation phase. The project proponent’s
response and its approach to manage such
issues can have significant implications on the
suceess of such projects. The project proponent
chould ensure that all stakeholders are well



informed about the project throughout its
implementation lifecycle, Stakeholders will have
the opportunity to express their opinion abowt
the project including complaints.

The project proponent should use all effective
communication tools with all stakeholders
such as face to face meetings, informational
meefings, visits in the communities,
presentations and focus group meetings. The
praject proponent should ensure effective and
timely communication with all stakeholders,
including the media and provide information
on progress of operation phase az well as to
respond 1o concerns related to the Project,
Stakeholder engagement program shall define
the communication with key interest groups and
the frequency of such mectings.

[F] Grievance Redressal

A grievance ¢an be defined as an actual or
perceived problem that might give grounds
for complaint. As a general pelicy, the
project propoment shonld work  proactively
towards preventing grievanees through the
implementation of impact mitigation measures
and community liaison, These activities should
be designed to anticipate and address polential
issues before they become grievances,

Anvone should be able to submit 2 grievance to
the Project if they believe the project is having
a detrimental impact on the community, the
environment, or on their quality of 1ife during
the ifmplementation phase. They may also

="
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submil comments and suggestions to the project
team,

Any comments or concerns can be brought to
the attention of the project team verbally or
in writing (by post or e-mail) or by filling in a
grievance form. Grievance forms can then be
submitted to the relevant project personnel
whose contact details should be provided clearly.

All grievances should be acknowledged within
100 days. The response to a eomment should be
provided within 21 working days, unless there
are exceptional circumstances. Grievances
should be categorized based on validity and risk
level. Where further investigations are required,
project team and qualified external authorities,
as appropriate, should assist with the process.
The grievance redresaal mechanizm should
record the manner in which any review has
been carried out, the results of the review, any
changes to activities that will be undertaken to
address the grievance and how the issue will be
managed o meet appropriate envirommental
and social out¢omes. Grievance information
should record the following in the form of
a grievance log:

«  Stakeholder name and contact details

Details of the nature of the grievance
= Date recetved, responded to-and closad ont

= How it was sobmitted, acknowledged,
responded to and closed gut,
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CHAPTER V: OPERATION AND
MAINTENANCE FRAMEWORK

Urban riverfronts have the potential to bring in
tourists and new users which can help revitalize
riverfronts and adjacent neighbourhoods and
fmprove revenues in these areas. The presence
of more people along the riverfront, though, will
require adequate services and amenities and
measures to mitigate the environmental impacts
of inereased foot traffic in these districts.

TEM MinsrrenT Fand g end oevelppmend

riverfront project. Ideally an O&M plan must
be developed during the design and planning
stages so that design and constroction support
ease of 0&M works at a later stage and protocols
are established early on in the project,

The O&M plan must clearly designate the
authority which will be in charge and establish
protocols of regular (daily, monthly and annnal)
waorks, In addition, there must be a clear set of
puidelines on pre and post flooding works that
must he undertaken to ensure the longevity of

Operations and Maintenance (O&M) will he the riverfront development.
a crtical component of a successful urban
m M
: PRE-MONSOON
—— DALY WORKS — ey ' ORMAGENCY —  EHRECTFINANCE |
l o . ‘ POST-WONSOOK ‘ . AUTHORITY OF D&M |l_ - I
AMNUAL WOPRSS | SELF-FINANCE

{A] Financing Operations & Maintenance
in URFDs

Alonggide a pre-defined O&M plan, adequate
and long-term funding must be allocated for
O&M efforts in URFD project. These funds must
b allovated) disbursed (o the ageney in charges
of project management. There are multiple
avenunes from which funding can be ascertained
and these can be divided inte 3 categories;

TE

Direct Finance
o Leveraged Finance
Belf-financing

A MRECT FINANCE
Direet finance will inclnde all such funds which
are granted directly to urban local bodies (ULBs)
b state or national governments or are leveraged
by ULRs through



grants ar loans to build vrban infrastructure, For
projects such as URFDs urban local bodies can
add the capital and D&M expenses as another
item in their budget estimates along with waler
and sanitation, roads and public health, The
URFDY would be considered as another work
undertaken by the ULE for the public good.
Funds for these workis could be gsecured from:

»  ULE budget: money allocated by the loeal
government for the URFD in their annual
bndget and the URFD is taken up as a public
amenity similar to public roads or water
supply and sewerage systems.

¢ Grant or sfed money: provided by initiatives
such as Mamami Gange/ SMART Cities/

Box 18 | Funding river rahabilitation works - Qinhuai Rover, Nanjmg

AMRUT/ NRCD.

= lLoans: from infrastructure banks or
development agencies.

A significant challenge associated with divect
fnance is that while beneficial 1w support
capital expenses it i difficult to ensure on-going
funding for O&M works. Particulardy as ULB
budgets are already constrained with on-going
activities which might have priority and D&M
costz (ypically ncrease with increasing age of
infrastructure, Grant or seed money also does not
provide for robust funding streams for long-term
D&M works, And finally, with loans thers 12 an
additional expense of repavment hat must be
horne.,

, Peopie’s Republic of China

Manjirg is a historicaly impartant city in China, having also been a farmer capital gy
tie Cimhiual River Aows through the city. In the 20005 the city faced major watedfajas
about by rapid urbanization and increased rural 1o urban: migration, The regh
population in 1950 to a mefe 27% rural by 3003, Increased dorrestic and Inghas!
ol intonsistent rainfall led to cpcles of urban flaading and stagnation and water 565 ke
regloe’s water sources [rivers and lakes] including the (inhiual River were se-ﬁely Sirthte _' i
within the river wetlznd diverted for garbage dumps and squattersettiements L"-'E:lllmera:}l:}EII

LY -

Eventisally, the foous of urban desslopment arthved sl river impnosement aed rejuvenation with
2hout S0 80 millicn from 1985 102009 spent on grey infrastiuctune wpgrade drainage and sewage
treatment, which led o sigrificantly Improved water qualiny by 2000 Moving beyond pune infrastructune
iImpEesenrents, the cify alio loked 1o mitigate fooads. and Imnpeode wiban healih and approeached the
ADE for financing to achieve these cliectives, The ADS agreed to fund USD 100 milkon in the proposed
LISE 236 millicn progect, The A0E funds were tangsted Towards vanous outcames and 3 camponents are
af particudar interest, The pomary abijective was for wetland rehahiltancn of 33 bectaes of degraced
and accuped wetland zone to create 3 wetland park. The project also incuded a comoonent for the
rasettlernent of the ocoupiers within the wetland area. Alss included was a componsnt on strengthering
local Institutions, particularly o improve emvirenmental management and maenitoning. Prefiminary
assessment of the proposed plan suggests net bersfits of about USD 112 milllion can be acorioed from the

wetland park alone (Molmer 2009



Box 19 | Riveriront development on River Ganga - Paina, !"dﬁ/ £ . Y

o T
The Waorld Bank has beeri a long-time supporer of the Ghng}:‘l.gjn.fvh'amn pmg’m and I8 providing
fmancial support of about USD 1 belion R011-2027) for im H‘itt"mﬂ-'l‘[ltlni and capacity building
for authorities in.angas across the Ganga Basin (The Waoeld Sank Mﬂﬂﬁ:h: veral project, the
World Bank alse provided funding for the Ganga Riverfront El'ﬂth:vprnunt prcject at Patna m 213 The
project management and funds dsbarsal for this prosect was unoertaken by Bihap Lrban Infrastructure
Cavelopment Corporation Lid, sBUIDC s, which i the nodal agency In Bihar under the NGREA, (Tripathi
03]

This project hact 2 26-maonth timeline 1o develop 20'ghats in 4 distinct urban districts and a Continuous
provenade aking the riverfrant as wel as Implemens landscaping, electrical works and public amenities
i the space With the ‘Wedd Bank’s presence in this praject the bidding procedure was conductsd
thraugh the Bark's guidelines (BUIDCo 2013 The cost sharing of the propased USD 43 million project
[Malhotra 20760 was worked out-as 70% from MGREA (Centrad agency] ard 305 fram the state. OF the
Centre’s share S0% of the amount was provided by the Warkd Bank, which was 653% af the 1otal project
amoant (Tripathl 2013}

Box 20 | Financing using funds from Corporate Socizl Responsibility

Mongside usal ferding scarces of loans ar bucget lime iterns, another potential source of furds in
iz can be from the Corporate Social Responsitility (CSK) funds as prowided by cosperations in indla
As per the Corporate Sacial Resporsibility Policy (2074} 1o improve corpaiate ciibenship, companies ane
it by law 10 chanrel at least 2% of net profics of 3 previous fiscal years. towends waorks of social or
envitanrmental benofits, institute a CSA Committee which will overses the disbursal of funds and maintain
enversicght of and report project status (Finance Department 20151

Ini 2014 the TSR Policy was modibed which now abows corparalions bo directhy provide funcs towends the
Clean Ganga Fund instead of tewards specific piojects wherg the corpdration would have T maintain
oversight. Instead, by contributing to the Clean Ganga Fund, corporations are still able 1o rmeet their
obligations:under the C5R Policy, yet to not reed Lo maintain secoscs of how the furnds were wsed within
the project itse¥ (Gowernmers of india 20141

&2 LEVERAGED FINANCE as city road improvements and water supply and

Given the growing challenges that ULBs face sewerage projects. URFDs could look to these

to secure financing for projects and for O&M, a  Wnovative mechanisms to leverage funds for
range of innovative financial mechanisms have O&M works. The financial tools are as follows:

been attempted across cities. Whilemostofthese | pypiial  Bondef Green  Infrastructure
mechanisms are new to India, a few of them have Bonds: wherein financially viable ULBs are

been used to support infrastructure works such able to tap into market capital by issuing

TE B



Box 21 | Fisneenng green band to fund green infrastruchure praject « DC Waler Environmental Impact
Rond, Washington 5 ¥

o4
-

e i

L™ 5 .l

In Septermber 2016 DC Water and Sewer Autharity (DO vme\cg"s A e | BSsfirst Emiroremental mpact
Bord (LIB] of USD 25 million to fund the initial project feonstructionaf green infrasthactune Bt Rock Creek
Project A) This was part af the total USD-2.6 Billion program to cantmol stommeater runedf and mmarove
water guality of the rivers and streams in the district (Goldman Sachs; 2016} The amount rased through
this 30 year 1ax exempl bond twith a mandatory tender® period of 5 yeanl will be used specifically o
construct green infrastructure which uses nabuie based technologies 1o meduce storm surges anid
decreate cormnbined sewer outfiows in the current context of freouent and extrenme rarfall everts (LS ERA
20071 (Mieth gt Gong 20171

This innowative Dond uses & Pay for Success modsl ard allowe far petforrmance based iisks rewand sharing
between DIC Water {see table below) and the irmestors and helps rase the mvestment needed for cagital

costs i the praject.
Theere are 2 peincipal berefits o ahe use of gieen bonds ssch as DC Water's EIB:

The risks associated with the performanice of the project are shared between DT Water and the investors;
thus, when there i low performance the investors will provide edditional peyments allowing DC
Wvatars to recaver some of its cosis.

By connecting performance with outcame frunclf reduction) as well a8 infrastructure bl or deploved,
the focus to build and maistain begher outcarmes Hincentivized.

The fisk shering mechanien n this EB is set up as a specal [ootentiall pay-out o investans ar the-end
aof the mandatary tender period but is contingert an performance outcomes, If the new infrastructure
(neture-tased technologies) functions effidenty feduces stormwater runod by more thare 41.3% of
exiiting flones) then e utility pays to the investors. But when the system function is low (storrmwater
rediacTion less than 18.6%) ther imestors pay the otiity”.

Performance Tier | Outcome Ranges Contingent Payment

i Funoff Reduction »41.3% D Water will make an Outeome Payment
to nvestors of 533 millisn

2 18.6%== Runoff Reduction < =41.3% | No Contingent payment due.

3 13.6%2= Runoff Reduction <=41.3% | Irwestons will make Risk Share Payment to
D Water of 33.3 miflior

Easicalty, the risk sharing mechanism denctes that the utility, DT Water's, payment abligation to investars
is geatingent on the functioning of the systems installed. Other than the risk sharing payment, the EB
fumctions like any other imvestment bond and offers 2 243% retum, payable seoni-aneually for the first fve
vears (LS ERA 2007
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bomds (Vaidyva and Vaidyva 2zo10). Business Improvement Districts/ Community
Benefit Districts: are demarcated regions whers
businesses agree to & higher tax rate from which
; - ; infrastructure  improvements ar community
pricats enfitisy, - nsualy’ boainasess, and projects can be undertaken (Shah, et al 2o015).

pmﬂlug fxe tm:hts,.’ S Lo 1 When loeal residents also agree to such a revized
entites 1 return ™,

= Tax Credit Programs: allows ULBs to raise
capital by accopting contributions  from

Box 22 | Masala bonds and the potential for infrastructurs funding in India

Financing needs for emerging economies such & Indid are wide grd vared but regulatory and
institutional Barriers impact the fiow of funds in these markets ncaddition, whie there may be glohal
interest in participating in these ecanarmies, the markets function on local currency onby which limits the
partipation of glabal players. To avercome the challenges of cumency exchanoe risks and yet alfow focal?
national companies the opparfunity i tapinta globalimeoment machanisms the Internatiana Finance
Carporation (FC) worked closely with Indian agencies 1o develop a debt instrument i kocal oumency
This was termed as Masala Bonds and are essentially off-shore Rupes Denorminated Bonds which can be
trecked o glohal markets ard the monies mised can beinested in orajects in India {Shi 2007)

The fist Masala Honds were offered by IFC on the London Stock Exchanoe n 200 for a totad amount
of LIS 1 billion (MR 62 billion). A3 of 2016 Masala Bonds of about USD 95 billon had been immeed by
variaus Indian and foreign entities™ at the London Stock Exchange §Challa and Kanakadurga 20168], An
Indizn entiy incomporated under the Companies Act is eligible ta issue Masala Bonds in global markets.
Monies rassed through Masala Bonds can be used for 3 wide range of purposes excapt for certain limiting
arthities as delineated by the Reserve Bank ofindia (RBIL The following activities am prohihited for Masala
Bands (MEA X16);

= Purchase of Bind or réal estate acthities lexcept for affordable housing and memrated township
prajects,

* Irwestnent iy capital markats,

*  Lending to.other entities.

= Any actvity peohabited by the foreign direct investment guidelines

Masala bonds protect bond iasuens From global currency Muctuations as the bonds are ssued and retums
are offered on the local currency=* Forimestars, Masals Bonds are attractive as they offer a higher rate of
returnof about 5% to P 25 comipared to about 1% 10-3% returns in thie Us {MEA 2016}

While carparate, Banking and public sactar units can easily acoess owerseas bond markets using Masala
Banch, there & still some question on the mechanism through which govemment entitias [thaugh
incorparated] can acoess this market. These were raised on the isuance of Masala Bonds on the London
atock Exchange by the Kerala infrastructure Investment Fund Board [n April 2018 Thoagh this Bsuance
was approved by the HBI 25 the first state Teve! body to issue such bords there remains the questian of
b sovereign guasantee would be spplied (Shikha ahd Gulal 20191
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tox rate these districts are called CBD=, Such
tools might be particularly relevant to URFDE to
ensure community participation and a sense of
stewardship as the money from the community/
local businesses will be used o manage the
project and O8M.

B3 SELF-FINAMCING
In addition, ULBs implementing URFDs can look

Box 23 | Municipal bonds and SMART Citles

bo self-Anancing mechanisms for such projects
o remove dependence from the fluctnations of
ULE budgets and) or external funding sources.
Assets on the project site can be used to generate
revenes  under  self-financing mechanisms.
Some possible self-financing mechanizmesinclude
rents on spaces such as comvention centres,
guditoriums, cte., and advertismg charges.

Urbary infrastructine feeds in India are encomaous, with 3 propcted need of USDVES trillion wetil 2040 (FT1
218 a5 Both alder and emenging cities requine either new sestems o substanmial infrastroctune upgrades:
Buxdgetary allocations will not meet this huge requirement if Indian cities afe to provide equitable, high-
cquakty infrastructure Far all citgeens, Tomeet this fimancing gap, urban local bodies and iinarcng agencies
have sxploned & variety of altertate mechansms o chise funds o meel capex and cpex costs for urban
infrastruciure, Munacipal Donds might be s crucal 1ol to support wrban kocal bodies 1o rais e ineestments.

A muricipal bomd i=a debt instrument whach urban local Bodies, spedal purpose wehicles, parastaizss can
58 1o ralse Anancing for infrastnictune profects such as road construction, water sunply and sanitation,
schocls, health centres, etc. Through this mrechanim the issier furban local body) s abligated to pay to
e irwveston the principle ard interest armount aftera feed tenure. This mstnument also benefitsineestons
s muniopal bonds typically have higher rates of returns, are lowe-risk and have attactve tax savings

asocitied with them (K2Aal 2018)

Thoagh this mechanism was: first wsad i Y997 by the Banoalcee Municipal Corparation, the musmicipal
bond miarket has rermained sluggish In india (Kapoor and Pati 2007 The recent initiatives around SMART
Cities - ancl AMBUT have led t¢- maone inderest-among urban local bodies-and utilities 1ocexplose the
municipal bond market to rase funds. In addition, relaxation of various regulations by the Securlties and
Exchange Board of Idizin 2019 may alsospar the mumicipal band market In ndia (FT12000.
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Boxog | Valoe crestion throngh river reluvenation and radevelopment - Drevyavati Riverfrent, Rajasthan

Thie Dravyavati Sfeer [Amarshah Mallab) Bows abbout 43 kilometres through the city of Jaipur, is & mr-fed
strsam, which until the river rejuvenation project had become a wastewater stream, The deteriorating
water quality, diminished biodiversity and ecosystern; resultant hiealth hazards and 2 disastrous fiood
evant {ri 201 2] were key irggers for the ity sutharities 10 plan 2 ter rejuvenation scheme: The project
wart awearded by Jaipur Develaprment Authority (04} to Tata Projects Limited (TPLSUCG Consortium)
o develop @ rejuvenation plan, imphermentation of 1he area develcoment, plan ana tarn-key basis and
manace opeation and mawiEsancs far a 10-vear period (Anand 20181 The peoject is estimated to he
ghout fs 1676 crome including cosstiuction cost of Rs 1470 crare and 10 years” mainterance of Rs. 206
crove (Kumar 2078,

The TPLSUCG Consortum ako praposed & Business Plan for value creatron and monetization of the
improved and reclaimed lands post-redevelopment This was to showcase ta the JOA the addad berefits
imonetary snd ather tangile benehis) the city could acenae from the river ieuvenation praject (Anand
Z018). The plan estimated that up to 85 hectaresof reclaimed land could carme Into the cvenershio of
government autharities. In addition, the value of existing government land about 53 hectares would
alsa be enhanced, in fotal, thess added lancs and enhanced areas could potentialy add & walue of
approximataly MR 1,900 orome (~US0 275 millon considenng an exchange rate of INR 70.aganst 1 LI5S0 1o
governiment coffers [aipur Development Authaority nodl

This study dees not inchede adjpining private lands which woule also tee increments in their property
waalues which could flow 1o government authorities in the fomm of propery tax,

Baox 25 | Trust Fund mechanism for river rejuvenation - Clean Ganga Fund, India

The Clean Ganga Fund [OGF) was estabished in 2014 inl Inclis, & approved by the Wnion Cabinet; under
the direction of the Prime Minister. The furd is desigred to be managed by a Trust led by the Finance
Minister. This trust and furd mechansm afows for the treation of a-lange corpus of maney which can
besed at the direction and discretsan of the Trustees. The eligible actions that can be undertaken from
this fund indudes a range of pollution shaterment projects finduding mitigation of point and nen-point
sources of poliution, setting of sewage treatment plants in urban areas along the rives, etc ) Further, the
fund alflows actions cn consenvatian of Biogersity, community engagement: and awareness, research
and develcpment, monitoning and reparting of water quality (Press Infarmation Bureau 20143

This type of furd gives praject proponents the flesdhility 5o tap inta unencumbeed finances i undertske
a rarge of projects for river rejuveration and redevelopment, Further, the fund structure provides Toe
on-going donations from both private individuals 2nd corporations fnatonal and farsign), thus maintaining
& robast and growing funds pool that proect proponents Can tap into: Finedy, funds as part of corporate
skl responsibiity can be placed in this fund directly 19 add to the fund pool (NMCG 2017}

Corporates can also chasse 1o use their C5R funds for specific prradeces instead of cantriburing (o the CEF
such as pioting of new technology: ghat adoption, free plantaricns, Bwareness drives, resesech, oir.
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APPENDIX A: TASK CHECKLIST
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The tasks tobe undertaken (and theirorder) are descrbed az a questionnaive below which can be used
a5 a checklist for approvals, implementation, management and evaluation of the environmentally
sensitive, climate adaptive and sodally inclusive urban riverfront planning and development.

Table - Questionnaire

| SxNo. e Yes  No
1 | Has a Project Screening Report (PSR} been
prepared which includes:
a | Urban riverfront development (URETN E
typology, based on |

i | Energy environment of river

i Energy environment of river

Site selection analysiz based on

E Enw Natural geomorphology of riverbanks

i | Floodplains extent -
i | Grey (bailt up} infrastructure in and around |
the URFD |

= =t T A e )

iv | Loations with polluting land uses

il Urban and riverine connections

i | Connections to upper and lower order
- streams, tributaries and distributaries

il | Connections to urban green spaces |

ifi | Connections to  pedestrian  and  NMT
pathweyvs for accessing the UTRFD

o Financial plan

E f Review of URMP, other projects/
| programmes, Development Controls and |
i other zoning regulations applicable in the |
| project area :
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Has a [:Ielaﬂ&d Pm_l-e-:t Etpnrt CDPRJ been
developed which includes

Hydrological Assessment

Environmental Impact Assessment
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Haz a Planning and [ustll:uru:ma'l S‘n'ate;:_la.l
been developed for the URFD?

l]!rl'.Fl..EI'r'[ENTATIﬂN AJ:I'H"I'I'IES

Have the ﬁﬂiawin;g management; action |

plans been developed?

' b

.Apprm ed Construction Design and Plans

Environmental and Social Management Plan

l..an:l Acguisition. and Eesettlement Action
H:m

Indigencus Peoples Plan, if III'}"

Hydrological Impact Management Plan

Blﬂdlﬁ:l.’El‘t_‘. Management Flan

How are changes and E:td'l:laﬂl being
managed?

External consultant approves changes to
J.:_}ttsl:lng;pian .

Has an annuﬁ review of all management
plans been ulld;en‘._a_l{en?

Is there & atﬂnehﬂh:l-err;giam allowing input
of feedback from various stakeholders?

Have stakeholder inputs resulted in changes
to the plan or project commitments and have
these been used to update the management




| i Has a monttoring and evaluation team beon
aet up as part of the URFL project?

a | Has a bi-annual MEE report been generated
with earrective actiong indicated?

b | Havethe corrective actions baen implemented
| on the URFD} project site?

: ¢ | Has the M&E report been used to update the
I | managument plans?

7 | Have all URFD} personnel undergone an
orientation  training sessiom with  focos
on roles and responsibilities; compliance
requirements; and  consequences  of
procedural lapses?

8 Iz there n portal/  platform for regular
information dissemination and dizclosure for
the TREFD? Does the platform sepport user/
stakeholder feedback?

q 1s there a dedicated team and a plau'-:nrm,-f”
mechanism for grievances to be submitted |

with regards to the URFD?

a | What is the rate st which grievances are |
addressed and resolved?

transparency 1o address the issue shared with
the complainant?

£ B

h'Whatare-thestepsundertakentnmsure|
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PREFACE

¥
Delhi Biodiversity Parks have become models for urban environmental sustaingh-ilitl_.f and
resilience, and render a wide range of ecolopical services. These ecological services include:
mitigation of asir pollution, recharging ground water, buffering local weather, imparting
climate resilience to the city, and several other functions beneficial to humans.

The rivers of India, particularly major rivers used to harbour a wide range of ecosystems,
which not only contributed to purification of river water (water quality) and stream flows, but
also generated ecosvstem services and goods, In fact, the humen communities Bving along
the rivers used to eke out thefr livelihoods from these ecosystems. Duc to increasing
urhanization, habitat conversion, damming up of waier in upstreams, and other anthropogenic
mediated activities, the river ccosystems are highly degraded and the rivers have become
open sewers particularly in urban stretches.

The judiciary has been concerned with the massive degradation of river ecosystems, and the
urgent need for rejuvenation of rivers of India. Realising the role of Biodiversity Parks not
only in bringing back the degraded river ccosystems to their natural states that contribute to
rejuvenation of rivers but also to sustsin their health, the Hon'ble NGT has been passing
orders from time to time on matters related to rejuvenation of rivers. In one of the onders
passed by Hon'ble NGT (14 May 2019 in O.A. No. 20002014) states that the Bicdiversity
Parks should be developed along the major rivers of India including the river Ganga, and
also directed that the Central Pollution Centrol Board along with a representative from the
Ministry of Environment, Forest & Climate Change and one expert, who developed Yamuna
Biodiversity Park, should bring out the guidelines for setting up of Biodiversity Parks in
flood plains of rivers of Indiz, including river Ganga.

The presem “Guidelines for Setting Up of Biodiversity Parks in floodplains of the rivers of
India, including River Ganga™ provides not only theoretical knowledge but alse practical
information on the river system and its network of river ecosystems, and Biodiversity Parks
in riverscapes so that the stakeholders can easily implement the Guidelines for Development
and Management of Biodiversity Parks as a part of rejuvenation of nvers of India. The
Guidelines 2lso includes general information on river systems and their ecology, floodplains
and their ecological significance, besides a brief background. The bulk of Guidelines cover
different facets of Biodiversity Perks and the planning, desipning, development and
management of Biodiversity Parks in riverscapes, it also includes how to prepare DFRs? and
alse provides information on the Institutional Mechanism needed for the development,
management and sustenance of Biodiversity Parks, and possible source of funding for
implementation of DPR; a schematic layout of a typical Biodiversity Park in the nverscapes
is also given. The last chapter deals with Yamuna Biodiversity Park as an environmental
sustainability model for replication in the nverscapes.

1]
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I am sure that the Guidelines will be useful to all the stakeholders in planning, designing,
developing and sustaining Biodiversity Parks in riverscapes of rivers of India, and aleo useful
for policy makers and regulators in conservation of rivers.

i,f{.fbb#ﬁ__

C. R. Babu
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River rejuvenation is a step towards reversing the : __#hi. gms*in;r;ﬂ
degradation, and to bring back the river ecosystems in their i r.a']:":r.i-ﬂtﬁ'-;'i:g A
sustain them vin improving the quantity and quality of riverigbster. One’uch
measure towards the river rejuvenation is the development of Bi ity Rl [t
is a holistic approach that involves the restoration of degraded river ecosystems in
the riverscape, bioremediation of wastewater entering rvers, and use of naharal
floodplain wetlands for cleaning channel water as well as storage of foodwaters,
Yamuna Brodiversity Park of Delhi is a proven and exemplified model rendering a
number of ecological services such as mitigation of air pollution, recharging ground
water, butfering local weather, imparting climate resilience to the ity and several

other functions beneficial to human beings,

In pursuance to the directions of the Hon'ble Mational Green Tribunal,
Central Pollution Control Board (CPCB) along with Ministry of Environment, Forest
and Climate Change and Centre for Environmental Management of Degraded
Ecosysterns (CEMDE) brought out the guidelines for setting up of Biodiversity Parks
in flood plains of rivers of India, including River Ganga.

The guidelines will provide comprehensive details on ecology of the river
acosyslems, ecological sigmficance of river floodplains and their biodiversity, These
guidelines also provide a detailed account of systematic steps in planning,
destigning, development and management of Biodiversity Parks to restore degraded
river ecosystems.

The contributions of Prof. C. R. Babu, Professor Emeritus, CEMDE, University
of Delhi; Dr. Prashant Gargava, Member Secretary, CPCE and Dr. A. K. Vidyarthi,
Additional Director, CPCB in developing the guidelines is highly appreciated.
Hopefully, the guidelines will be useful to the concerned agencies and policy makers

involved in rejuvenation and conservation of rivers.

{Shiv Das Meena)

October 29, 2020
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EXECUTIVE SUMMARY

The river system has a network of ecosystems that contribute towards sustainability of
flow of water and its quality in the rivers. The diverse river ecosystems namely -
stream ecosystems, riparian ecosystems, floodplain ecosystems and adjacent upland
ecosystems as well as the ecosystems of the catchments and watersheds - are highly
degraded and some of them were extinct due to anthropogenically mediated activities.
This degradation and loss of river ecosystems not only reduced flows in the rivers but
also deteriorated the quality of river water and ground water.

Oine way to rejuvenate rivers and sustain the quantity and quality of water in rivers is
to set up Biodiversity Parks in the niverscape. The Biodwversity Park approach is a
holistic approach for the rejuvenation of rivers, as it involves the restorabion of
degraded diverse river ecosystems in the riverscapes, bioremediation of wastewater
that enters into rivers and use of natural floodplain wetlands for cleaning channel water
and storage of floodwaters, Biodiversity Parks approach for rejuvenation of rivers is a
proven approach and is exemplified by the DDA’S Yamuna Biodiversity Park of Delhi

Realising the importance of Biodiversity Parks in riverscapes for rejuvenation of rivers,
the Mational Green Tribunal {Principal Bench, New Delhi) not only ordered for the
establishment of Biodiversity Parks along some of the rivers in Uttar Pradesh but
passed an order om 14% May 2019 in O.A. No. 200/2014 that “The CPCB along with
MoEF&CC to develop Guidelines for Setting Up of Biodiversity Parks. The CPCB can
take the services of an external expert who has successfully guided DDA to set up
Biodiversity Park in Yamuna Floodplain near Delhi”.

The present “Guidelines for Setting Up of Biodiversity Parks in Floodplains of Rivers of
India, including River Ganga” contains introductory chapters on the river systems,
floodplains of rivers and their ecological significance, and Biodiversily and Ecosystems,
besides the key chapter on “Biodiversity Parks: A holistic approach for rejuvenation of
rivers of India’ which forms the backbone of the Guidelines. These contents of the
Guidelines make it a ready reckomer for stakeholders interested in setting up of
Biodiversity Parks in riverscapes and landscapes as a parl of rejuvenation of rivers,

The second chapter on the “Introduction to River Systems” explaing: (i) how rivers are
formed?, (ii) how rivers create diverse ecosystems as they pass through different
landscapes?, (it} how the five elements of the riverscape (physical structure, water
quantity, water quality, Biodiversity and floodplain and riparian zone) interact and

i
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determine the structure and function of river ecosystems?, and (iv) how their
interactions along with the geology, geomorphology and climate influence the water
quality. ‘The answers to these questions are given in simple text and also i
illustrations. The different riparian communities and their role in functioning of river
ecosystems particularly with respect to water quality are explained.

The third chapter deals with the floodplains of rivers and their significance, It provides
information about the different physical zones of the riverscape, definiions of
floodplains, the kinds of floodplains and the diverse landforms of the fAoodplains. It
also explains the functions of floodplains and diverse floodplain ecosystems such as
wetlands, marshes, swamps, lakes, grasslands and floodplain forests. To make familiar
with different river ecosystems, photographs of some stretches of riverscapes of River
Ganga and Yamuna showing diverse ecosystems are included.

The tourth chapter on "Biodiversity Parks: A holistic approach for rejuvenation of
rivers” has 9 sections. The first four sections explain the concept of Biodiversity Park
with respect to nverscapes and landscapes, functions of Biodiversity Parks in
riverscapes, the structural elements of Biodiversity Parks and size of Biodiversity Parks.

The section 54 on "Planning, Designing and Development of Biodiversity Parks in
Riverscapes™ gives all the details starting from the selection of site to the development
of nverscape and landscape elements in different stretches of riverscape (headwaters,
hilly tracts and plains), It also gives information how to restore the degraded river
ecosystems and or recreate the lost ecosystems, Details on the development of in-stream
ecosystems, riparian ecosystems, floodplain ecosystems including wetlands, marshes,
swamps, lakes, grasslands and forests, upland grasslands and forest ecosystems as well
as ecosystems of catchments and watersheds are provided.

This section also provides details on the development of other landscape elements such
as Butterfly Park, Herbal Garden, Birding Area, Garden of fruit-yielding plants and
kcfprijbhNature Interpretation Centre (NIC). The importance of biodiversity education
and public awareness for river conservation is also emphasized.

The details on: (i) development of constructed wetland system for treatment of
wastewaler that enlers into rivers, (i) channelization of river water through natural
wetlands for cleaning river water, and (i) restoration of channels that connect the
natural wetland to river water for storage of floodwaters are also included.
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To implement the Guidelines at ease by stakeholder, schematic I.a],.rﬂﬁ't of -~ Biodiversity
Parks in the nverscape and schematic layout of a typical constructed wetland system”
for the treatment of wastewater that enters into river are given”.

The section on DPR explains how to prepare the Detailed Project Report and includes
all the activities for which costs have to be estimated. The possible sources for funding

to establish Biodiversity Parks in Riverscapes are suggested in Section 5.8,

The last section 3.9 mmcludes suggestons on the possible management strategies
involving Irrigation Department, Forest Department and local Government Agencies,
which would get maximum benefits from Biodiversity Parks, for long term
management and sustenance of Biodiversity Parks.

The Guidelines ends with the chapter on the well-established functional Yamuna
Biodiversity Park as an environmental sustainability model for replication. Some of the
structural components of Yamuna Biodiversity Park that are fully functional and
rendering ecological services to the city and its citizens, are illustrated.

Besides the above chaplers, the Guidelines includes a Background Note, the Preface, the
Foreword, Acknowledgments and References,

xiii
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1.0 BACKGROUND

Delhi has lost its natural heritage which is critical for sustaining the environmental
quality. To bring back the lost natural heritage of Delhi, the Delhi Development
Authority  (DDA) in joint collaboraton with the Centre for Environmental
Management of Degraded Ecosyvsterns (CEMDE), University of Delhi developed
Biodiversity Parks for the first time in the world. The first Biodiversity Park
established was Yamuna Biodiversity Park which harbour natural heritage of
Yamuna river basin and include diverse river ecosystems that provide several
ecological services.

The environmental degradation of river ecosvstems of India i1s rampart leading fo
loss of their self purification systems and making them as open sewers, particularly
in urban stretches. Urbanisabion together with habitat conversion and construction
of dams in the upstream are the prime causal factors of degradation of Indian river
systems. The environmental degradation, particularly the pollution of water in
Ganga and Yamuna has been taken up by the Supreme Court, High Courts and
Mational Green Tribunal (NGT) through PILs and other legal cases filed by
individuals. Mr. K. C. Mehta's PIL on Ganga (O.A. No. 200/2014) at Supreme Court
and Mr. Manoj Misra's case {O.A. No. 06/2012) on Yamuna at NGT are well known
and the judiciary has been passing various orders from time to time to rejuvenate the
rivers Ganga and Yamuna and alse other rivers of India.

Taking the cognizance of media coverage on the biodiversity Parks, the Hon'ble
Chairpersons and some members visited Yamuna Biodiversity Park and Neela Hauz
Biodiversity Park. Based on their visits and recommendations made in the Reporls
submitted by Hon'ble NGT constituted Expert Committees, the Hon'ble NGT took
note of already developed functional Yamuna Biodiversity Park that harbour many
river ecosvstems of Yamuna, In its order of 14" May 2019 (in case of O.A NO.
200/2014) Hon'ble NGI directed Central Pollution Control Board (CPCB) to
formulate Guidelines for setting up of Biodiversity Parks in the floodplains of the
Rivers of India including River Ganga with the Expert who was mvolved m the
development of Yamuna Biodiversity Park, and also one member nominated by
Ministry of Environment, Forest and Climate Change (MoEF&CC), Government of
India,

Accordingly, the CPCB called a meeting where it was decided that Professor C, R.
Babu would submit a proposal for the preparation of Guidelines for sethng up of
Biodiversity Parks. Professor Babu submitted the proposal and asked extension to
submit the final Guidelines, as it involves taking of photographs from some
riverscapes to illustrate representative river ecosystems in the Guidelines,

1
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A meeting of the Committee was held on 27 September 2019 to {:i 'll H‘lﬂp‘{:mg'"}si-'sg
achieved, Professor Babu explained the work done and nuﬂunp:i'hi;%chapiefyb
included in the proposed guidelines Dr. Vidvarthi pointed out Lﬁ:{! tﬁi
should be self explanatory and should facilitate the stakeholders “to- rl%.relnp
Biodiversity Parks on the ground without much difficulty. He suggested that the
introductory paras of the interim report should include the treatment of waste
waters (including sewage and industrial effluents) and restoration of self
purification systems of rivers, Dr. A, A, Mao (Director, Botanical Survey of India) - a
nominee of MoEF&CC in the committee - was also present in the méeting and
informed that BSl would extend any help that is needed for finalizing the
Guidelines.

The Interim Report on the Guidelines was submitted te NGT by CPCB. There was a
delay in making field visits due to COVID-19 pandemic, and subsequently there was
a lockdown MNation-wide from 237 March 2020 to 312 May 2020, The final Guidelines
are provided in the present document.
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20 INTRODUCTION TO RIVER SYSTEMS ﬁ;h--‘_- >4

The information presented in this Chapter is mostly taken frm'l.'lglﬂ.'l.il.' Chapters on l.
‘River Ecolegy, Conservation and Restoration: A Theoretical Framework’ written ]:L}'
Professor Brij Gopal and published m the edited volume on REammtg Eh".rér
Yamuna® {eds, Martin, F, Gopal, B and Southey, C. 2007). National Institute of
Ecology, New Delhi, and also based on the field knowledge.

A river is a system of natural watercourse that oniginates as trickles of glacier or
snowmelt or surface run-off of the precipitation, and is a link between the land and
oceans; the primary, secondary and tertiary surface channels from, different
direchions (surface run-off channels) merge together into a large river that may join
another river or lake or ocean or any other large waterbody (Gopal, 2007). Springs
also form streams in hills. Not all rivers, particularly the seasonal ones, discharge
their contents into oceans.

Rivers are natural ecosystems and are unique in the sense that they change their
forms, flows and other biophysical attributes as they pass through large landscapes
before joining the oceans. The different river ecosystems found along the course of a
river are depicted in Figure 1.

Figure 1. Diifferent river ecosystems in the riverscape starting from the source of the river
ta its mouth at sea. (Sowrce: Gopal, 2013)

3
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River ecosystems form one of the major landforms of the planet Earth and are critical
for sustenance of Biosphere by providing support to various lifeforms. The river
system or riverscape includes the watercourses (channels), the ﬁphﬁan zome (the
riverbed and adjacent floodplains), the floodway on either side of the main
watercourse (floodplains), the embankments that hold flood waters and enclosed
floodplains, and uplands adjoining embankments, together with entire stream
network including interconnections with ground water flow pathways embedded in

terrestrial :aeﬂ:ing.

The structure and function of river ecosystems is determined by physical structure of
the riverscape, waler quality, water quantity, biodiversity and floodplains including
riparian zone. These five elements interact among themselves and any change in any
one of them alters the structure and function of river ecosystems.

The interactions among these five elements are illustrated in Figure 2 and Figure 3.

|F'|’!|'!|’EiI:E| Btructure ] Water Cuality
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§ Flotw )
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| Blodiversiy) {Rliparian Zone)

Figure I: Five elements of the riverscape (river system) and interactions among them.
(Sonrce: Gopal, 2007)
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Figure 3: lllustration showing how the interactions among five elements of riverscape
together with the geology, geomorphology and climate influence the water

quality.
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21 Ph}rsical Features of River S}rstem

The physical features of river system include: in-stream habitats such as substrate
{rock/sand /silt), the geomorphic features (channel bars, pools, riffles), the depth
and velocity of water, the in-stream vegetabon and structures such as woody debris,
pebbles and sandy patches. The habitat diversity changes along the river course
from headwaters to the mouth. For example, the headwater streams are straight and
meanders increase in downstream; mountain streams have fast and turbulent flows
and are steep and unstable with bed composed of rocks or pebbles often with sandy
patches; the channels in the flat plains are slow flowing, and beds of these channels
are composed of sand and silt and meander over large areas; middle reaches are
dominated by transfer of materials (sediment etc.), whereas the lower reaches are
dominated by deposidon of materials. These different stretches also differ in
physical characteristics such as temperature and oxygen saturation, These diverse
habitats are inhabitated by diverse plant and animal communities that contribute
towards the self purification system of rivers. The communities of riverbed (not
walercourse or channel) together with the adjacent communities of adjacent
floodplain (marsh vegetabion) constitute riparian ecosystems.

2.2  Flow of water

There is a substantial variation in the volume of water that flows among different
rivers and depends upon the extent of catchments, annual rainfall, evaporation and
infiltration. The size and frequency of flows, seasonal flow patterns, flow duration
and the rate and rise of flow events also impact the habitat complexity and biotic
communities, In some rivers, the stream flow has a component of base flow {ground
water flow) into the stream which is critical in dry season for maintenance of in-
stream and riparian ecosystems which in turn determine the quality of water (Gopal,

2007,

CUme of the features of the channel is the stream flow which is characterised in terms
of quantity, quahty and timing. There are two types of stream flows - one is storm
flow which refers to flow resulting from precipitation that reaches to the channel
over short Bime frame thrnugh overland and underg_n'rund roubes, and the second is
base How that refers to the How resulting from the precipitation that percolates to the
ground and reaches to the channel through substrate. The volume of water passing
through charmel per unit ime is called the discharge and when it is represented
graphically then the graphs are known as hydrographs, There are three categories of
streams:
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(i)  Ephemeral streams are those that flow only less than 30 days-in a vear and
flow during or immediately after period of precipitation; 3

.
(if}  Intermitbent streams are those that flow for more than 30 days per year
{seasonal flow) and flows only during certain imes of the year; and

(itiy  Peremnial streams are those that flow continuously during both wet and dry
periods (Gopal, 2007).

The stream flow determines the size and shape of channel (morphology). The
variability in stream flow not only influences the diversity in biclogical communities
but also maintain it in riparian ecosystems,

The hydrological features that influence the biotic communities through different
ecological processes (interactions) are illustrated in Figure 4.
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Figure 4: Different hydrogeological parameters (including water quality) of the river
system and their impacts on biobic communities through ecological processes
and the resulting feedback effects, (Sonree; Gopal, 2007)
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23 Water Quality 1;3] % f:r.n
|II 3 .1

geological, gﬁnchemicﬂl ﬁ.nd vegelational characteristics of the

concentration of nutrients increases gradually as variety of dissolved and particulate
substances and plam litter enter the stream Ihrnugh runoff. Water temperature 1%

critical for completion of the life cycles of aquatic and terrestrial invertebrates which
are critical component of self purification system of rivers. Any change in water
temperature results in significant changes in biotic communities; loss of riparian
vegetation results in marked changes in water temperature, The change in water
temperature brings out change in DO levels, and nutrient concentration, etc.

The decline in water quality due to adjacent land use, the presence of livestock, the
kind and characteristics of the riparian zone, sewage effluents, urban storm water
pollution and discharge of industrial waste water adversely impacted the
biodiversity - complete loss to replacement of sensitive species of ecological
significance to more tolerant species. The variability in flows regulates various
ecological processes that influence the aquatic biodiversity. The same is illustrated in

Figure 5.
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Figure 5: lmpacts of flow varlability on biodiversity of riverscape through ecological

processes. (Sowrce: Gopal, 2007)
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24 Biotic Communities b

The habitat diversity influences the biotic communities which vary along the course
of river, Most of the animals, which are not attached to the channel bed are drifted to
the downstream, although fish and birds swim against flowing water currents in
hilly areas.

Species rich communities are confined to shallow slow moving streams or to
margins (shores) where flow velocity is low, shallow pools and riffles. In the upper
reaches of the stream, where turbulence is high, the biodiversity is not rich and is
represented by poor plankton community, benthic algae attached to boulders, higher
plants restricted only to banks, and shredders (invertebrates which feed on freshly
fallen litter) found under boulders and pebbles near edges (Gopal | 2007}

The community inhabiting the channel edges is different from that of the middle
channel,

In the downstream the leaf litter is fragmented and converted into fine particles and
benthic invertebrates that feed on particulate detritus are very common. With the
increase in nutrient enrichment and greater availability of food niches, planktonic
communities and faunal diversity also increase,

With reduction in flow velocity and change in substratum, the development of
macrophyte community takes place. These communities are highly diversified in the
river stretches of plains and also show zonation. The riparian communibies include:
deep water flora with emergent (cattails) plants growing along banks and shallow
water communities having dense patches of reeds and cattails; the elevated areas,
which are flooded occasionally, have different types of communities and these differ
from those that occur in frequently flooded zones, The aquatic flora and fauna
together play a major role in purifying water.

Flants not only provide tood and habitat to fish, birds and invertebratos but also
stabilize sediments against erosion, reduce flow velocity and improve water quality.
The animals include: invertebrates such as snails, worms, shrimps, insects, and
vertebrates such as fish, amphibians, reptiles, birds and even mammals. The trophic
structures include aulotrophs such as algae and aquatic plants; the herbivores
include scrapers that feed on algae; the decomposers are represented by fungi and
bacteria; the consumers are represented by shredders consume plant leaves or dead
plant material and detritus, and snails, fresh water crayfish and a variety of larvae of
insects, all of which are predated by larger invertebrates and animals such as fish,
frogs, lizards and birds. The plants and animals together form complex food webs
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with algae and aquatic plants form the basis of food web and contribute to water
quality. '

-

2.5 Riparian communities Al

The ripanan zone includes the areas (riverbed and adjacent flood plain) on either
side of the channel and are flooded during high flows and influenced by the rver. [n
other words the riparian zone is the floodplain located at lower elevation close to the
channel and is contiguous with riverbed and is influenced by the river. Both riparian
2ome and floodplain are important riverine habitats and play a significant role in the
ecology of the river environment. These are a critical link between terrestrial and
aquatic ecosystems, Riparian vegetation includes the terrestrial vegetation {corridor
vegetation) adjacent to the stream and as well as aquatic and semi-aquate plants
alemy the edge of the stream bank. The functions of riparian ecosystems include:

{1) sustain good stream habitat for fish;

{if) sorve as source of food in the form of leaves and branches and insects for
aquatic animals;

(iii} provide sustainability to channel levees (banks) through root cohesion;

(iv) serve as filter for chemicals and nutrients entering into river from upslope

SOLLTORS;

(v) provide large wood to the channel for maintaining the channel form and
improving in-stream habitat complexity;

(vi) ensure the stability of channel form and in-stream habitat through the
restriction of sediment input or slowing of sediment movement through river
system; and

{vii) moderate downstream flood peaks through upstream storage of water (Gopal,

2007).

The biotic communities and the role of floodplains in water quality are highlighted
in the next chapter.

To sum up, the five elements - physical structure (habitat diversity), water guality,
biodiversity, riparian zone and floodplain and water quantity determine the
structure and function of river ecosystems. All these five elements have been greatly
altered through anthropogenically mediated activities, Consequently, most of the
river systems have lost their life supporting potential and have become either dead
and or open sewers,



30 FLOODPLAINS OF RIVERS AND THEIR ECOLOGICAL

SIGNIFICANCE -

As has been pointed out in the earlier chapter, the river system is highly complex
and has the following major physical structure that support a complete network of
ecosystems: (i) the channel (water course), (1) the ripanan zome (adjacent to the
channel and includes river bed and channel banks), (iii) the floodplain, (iv) the river
embankments, and (v) adjacent uplands. The physical structure of river systems in
the alluvial plains is ilustrabed below (Figure 6):

i
werd | |
”‘_—4‘-\ Floodplain ,’f
{topographic \
am;/ foodplai ‘ Fiaien ,I River
embankment
embarkmsnt M I
J . / Watercourse
T Riparian Zone
Riparian fone
(ydrolegic floadplain)

Figure 6: Diffenet zones of a typical riverscape of the rivers in plains.

The flooding results in movement of sediments to the downstream as well as
laterally. The flooding of the area on either side of the channel enclosed between two
banks/natural levees of the river constitute floodplain. The floodplain adjacent to
channel and the dry channel bed (not watercourse constitutes riparian zone. The
floodplain edges close to the channel are the levees of the channels, whereas the
levees of river are the embankments of the river that enclose the floodplains. The
functions of riparian zone have already been discussed.

In alluvial plains, the river migrates laterally across the valley floor and periodic
flooding also causes movement of sediments both downstream and laterally. Both
these twio processes bring out changes in the floodplain continuously; there are two
types of floodplains - the hydrologic floodplain that is the land adjacent to the base
flow channel residing below the bankfull {water channel filled upto its levees)
elevation, and this corresponds to riparian zone within the floodplain; the second

10
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bends upto the elevation where floodwaters of once in 100 years ﬂmc%i."mm_hesj,ie"f !
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The embankments are usually natural levees of the river but humans made into
bund and bunds roads; guide bunds are made wherever bridges/ dams are

constructed.

The floodplains provide temporary space for tlood waters and sediment produced
by water shed, and hence allows lag period between the peak run off caused by
heavy rain fall and flood peak downstream (Gopal, 2007). If there is a reducton in
[loodplain, frequent and severe flooding and aggradation of the river channel take
place.

Floodplains are a complex landforms within the riverscape and are formed by a
complex interaction of fluvial processes, however, the characteristics and evolution
of floodplains are mainly the product of stream’s ability o entrain and transport
sediment (stream power - ability to do work or shear stress) and the resistance of
channel boundary to erosion, ie. erosion resistance of floodplain alluvium that forms
the channel boundary (Nansion & Croke, 1992). The geomorphology of the channel
and floodplains is determined by the amount and texture of the sediment load.

3.1 Definition of floodplain

Floodplains are defined in different ways: For hydrologiste and engineers,
floodplains are defined as the surface areas next to the channel of the river and are
inundated once a given return period (1e. once in 25 vears or 100 years) irrespective
of the nature of surface area whether it is alluvial or not (Ward, 1978), According to
MNanson & Croke (1992), the genetic floodplain is “largely horizontally - bedded
alluvial landform adjacent to a channel, separated from the channel by banks, and
built of sediment transported by the present flow regime”, This is a contemporary
floodplain or landform formed under present hydro-climatic conditions in contrast
o ancient alluvial deposits formed under previous flow regime (elevated
Hloodplain). The river can transport only a fraction of the total alluvium of a river
valley over decades or centuries, and bulk of it is stored in floodplains.

Soni ef al, (201%) discussed extensively the definitions of river floodplains in India.

They alsc discussed the role of floodplains in maintaining good health of rivers and,

hence the floodplains are often described as "blue gold'. The floodplains of major

rivers in India may store more than 20 times the volume of annual virgin flow in the

river. These floodplains can be used to supply drinking water to several cities along

the river annually. For example, the Palla well-field in the Yamuna floodplains of
11
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Delha supplies drinking water worth of Rs. 7500 million per year. About 40% of sand:
volume is water and hence floodplains store huge amount of water from rain and .'
during flooding, and release some of this water into rivers in the lean period, ~ .7

Soni et al. (loc. cit.) also suggested that the floodplain should be defined by its
hydrogeomorphic character. In simple-terms, sand. silt and clay and the varicus
geomorphic units associated with the depositonal activity of the present day river
should be used for demarcation of the [oodplain

The River Ganga (Rejuvenation, Protection and Management) Authorites Order
{GOL, 2016) defines floodplain of the River Ganga as "such area of River Ganga or its
tributaries which comes under water on either side of it due to floods correspending
to 1ts greatest How or with a Hlood of frequency once in hundred years'.

Hon'ble NGT in its order on 13 January 2015 in QA No. 6 of 2012 on the Yamuna
floodplain of Delhi stated ..., the floodplain zoning should be taken with reference
to the Hood of once in 25 yvears, as against other suggested fipures of more years”.
Similarly, NGT's judgement on 17 November 2017 in case of O.A, No, 171 of 2015,
based on the findings of a Committee constituted for demarcation of floodplains of
Krishna river near the city of Amravati (AF), stated that “Therefore, it is evident that
the flood from River Krishna does not cross the embankment/bund cannot be called
as floodplains”,

The layman’'s definiion of a floodplain is that it 15 an area on either side of the
channel and form natural levees of the channel and enclosed between the river
embankments and Hooded atleast once in 100 vears flood. Floodplains are
constructed by rivers and a number of floodplain depositon processes have been
identified and explained in detail by Nanson & Croke (1992).

3.2  Floodplain depositional processes and classification

According to some workers (Allem, 1965), Hoodplains are formed entirely from
lateral accretion deposits. Three main processes of floodplain formabon are
recognized. The lateral point bar accretion results from the progressive deposition of
point bars on the convex bank of a meander and produce a variety of floodplain
morphologies with some having litHe surface relief and others with well-defined
scroll patterns, The overbank vertical accretion results from the overbank deposition
of sediment during floods and provide levees, crevasse splays and backswamp
deposits. The braid channel accretion is the product of a combination of processes
including: (i} the shifing of primary braid channels to another part of the valley
allowing the stabilizalion of previously active areas of braid-bars and riverbed; (ii)
local aggradation and lateral channel incision resulting in the formation of
12
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abandoned braid-bars as partly erosional elevated features; and (iii) formation of
extensive, elevated bars during a large flood forming a stable surface beyond the
reach of regular flood events (Nanson & Croke, 1992). There are also three less
common processes which also produce a variety of floodplain types. These include
oblique accretion, counterpoint accretion and abandoned channel accretion. Island
tormation is a discrete process and is considersd as the product of composite
processes by inwvolving the first two processes - later point-bar accretion and
overbank vertical accretion.

Some of the floodplain types formed by depositional processes are illustrated in
Figure 7.

{a] Braided mear ﬂ-DIDII:pli'I'I by Letars] migralion
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Figure 7: Some of the floodplain types resulting from floodplain depositional processes,
(Source; Nanson & Croke, 1992)
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There have been several classifications of floodplain types. T',&“g%lg\afe-"hvpad'i}"l

grouped under morphological, specific and penetic. These are ex ﬂﬁa}yﬁd
by Nanson & Croke (1992}, They proposed the genetic classification; plains

based on the interrelation between river processes and the ﬂmﬁplajm they
construct. The stream power or rate of doing work for unit length of channel (the
power to erode and construct individual landforms) is used for classification of
floodplain types. The erosive power/ resistance concept was used as the primary
criteria in classifying river floodplains into classes. These classes were further
subdivided into orders and suborders based on geomorphic factors, The three
classes recognized are: (i) non-cohesive alluvium (gravel to fine sand), {ii} cohesive
alluvium {silt and day), and (iii} low-energy cohesive floodplains. The non-cohesive
floodplains are grouped under two categories - high energy and medium energy
environment classes. They have given an excellent Table which summarizes the
classification of floodplains and gives details on order/ suborder, class, type of
ﬂuudpla:inﬁ, :-'Ft-‘.r_iﬁl:. stream power, erosional and depositional processes, landforms,
channel planforms, and environment Table 1 gives the order/ suborder, the type of
Hoodplains, the sediment nature and the landforms.



Table 1: Floodplain ty pes and characteristics of their sediments and landforms {Seurce: Nawson & Croke, 1992).

Orderf

Bl Floodplain type Sediment Landforms
Class A: High-Energy Neoi- Colresiey Floodplons
41 Confimed coarse-textured foodplains Poorfy sorted boulders and gravel: buried | Goulder levees; sand and gravel splays; back
soils channels, abandoned channels and scour holes
A2 Confined vertical accretion floodplains Basal gravels and abundant sand with | Large levees and deep back channels and wour
silby overburden hles
A Unconfined vertical accretion sandy flood plains Sandv-strata inter-bedded muds Flat flaod plain surface
Ad Cat and fill foodplains fiands, silts and organics Flat foodplain surface; channel fills, swampy
meadows
Class 8: Medinm-Energy Mon- Colesine Floodplmins
Ei Braided-river Aoodplains Gravels, samds and occasional silt Undulating flondplain of abandoned channels
and bars; backswamps
B2 Wandering gravel-bed rver flocdplains Cravels, sands, silts and organics Abandoned channels; sloughs;  braid-bars:
i islamds; back channels {see also flmure &)
B3 Meardering river, lateral-migration floodplains Gravels, sands and silts Flat to undulating floodplain surface; oxbows;
backswamps (see also Rgure &)
E3a Lateral migration, non-scrolled foodplains Gravels, sands and silts Flat to undulating foodplan surface; oxbows;
backsvwamps
B3b Lateral migration, scrolled floodplains Sands and minor gravels Distinctly scrolled fAeodplaing (see alko Hygure
&)
B3c Lateral migration/ backswarmp Aoodplains Sands, silts and organics Central scrolled floodplain with Aanking
backsvwamps
Bad Lateral migration, counterpoint floodplains Sands with abundant silts and organies Coneave benches with scrolled feodplaing (see
also fisure 8)
Clwse Cr Loan-Energy Now- Cobesine Rrodplacns
| 1 Laterally stabde, single-channel floodplains Abundant silts and clays with organics Fiat fleodplains with low levees; backswamps
2 Anastomosing-river floodplains Cravel ard sands with aburndant silis and | Flat floodplains with extensive levees, Islands
elays and floodbasins crevasse-channels and splays
C2a Anastomosing-river, organic rich floodplains A for C2 with abundant organics and | As for C2 with lakes and peat swamps
lacustrine deposits T R
Cih Arnastomosing-river, inorgande rch foodplains As for C2 but with hiitle or no organica AgforiC2 AR
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Lateral migration of the siream channel creates a variely ol lopographic features on
the floodplain.

Floodplains and river exchange the materials and energy through flooding forces.
Such exchange is important for fisheries. For example, riverine fish migrate to
flopdplains for spawning and voung larvae and fry feed on plankton, invertebrates
and detritus, many animals complete their life cycles in different parts of
ﬂm:rdplains.

Receding flood waters from the floodplains carry nutrients, organic matter and
propagules and these influence the downstream communibes - an important aspect
of interaction between river and floodplains.

Different parts of the floodplain are subjected to differential Heooding and vary from
standing flood water (lentic) and flowing (lotic) with time. There is a spahal
variation in hydrological pulses in the floodplains (geomorphic variation and
topographic gradient), and as such there is a high diversity in biological
commumnibes inhabiting the f]-;.'mdplairu;.

MNutrient cycling within the floodplain (intracycling) is dominated by flooding from
the river, runoff from upland forests or both. Vegetation exerts significant biotic
control on intracycling of nutrients, seasonal patterns of growth and decay (Gopal,
2007).

Floodplains are links between rivers and upland, and the materials (water,
sediments and nutrients) pass through floodplains before entering into the river. The
biclogical communities of the [loodplains control the fate of these substances. The
water infiltrates through soil to the ground water or moves laterally to the stream;
sediments are rapped and contribute to topographic changes in floodplains; organic
matter get settled and decomposed and used by detritus feeding organisms. The
nutrients undergo ransformation and reduce their flux to the rivers. Many upland
animals utilize the floodplains resources. Infact numerous insects of uplands pass
their earlier stages of lilecycles in the floodplains.

bome aquatic animals like waterfowl depends upon the terrestrial landscape during
some stages in the lifecycle. Consequently floodplains are considered as ecotones.

The muost impnrtant funchons of ﬂuﬂdplﬁim mclude:

(1) Regulation of nver discharge by storing huge amounts of water derived from
peak flow and storm run-off during the rainy season and subsequent
releasing it to the stream gradually leading to uninterrupted stream flow for
most of the vear.
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Recharge of ground water and improvement of its quality

Producton of valuable natural resources (timber, fuelwood, fodder and fish)
beneficial to local communibies.

Breeding and feeding habitat for fish and many other aquatic animals.

Enhancement of water quality through retention and transportation of
nutrients and other chemical substances. Natural floodplains have high rate
of recycling of nutrients and wsually accumulate nitrates and phosphates and
other nutrients, and also sequester heavy metals and toxic compounds in
anaercbic organic sediments. In this way floodplains have the capacity to
process the wastewater flowing through them and regulate inputs of
nutrients and organic matter to the river.

Beduce the velocity of runoff and raps sediments leading to reduchon in
siltation of river channels; the floodplains and its vegetation also check the
soil erosion. The ecological processes in fleodplains through which uplands
interact with rivers are given in Figure 8.

The river basin is a landscape, and within which the rivers interact with floodplains,
wetlands, and upland terrestrial ecosystems (Figure 8).

LUPLAND FLOODPLAIN '—|
RIVER
-‘H"‘-._‘ Heduction
i i R
Denlinfication
el rubal
i immuhilization Tk
Infiltrafinn = \

Figure 8: Interaction between uplands and river through ecological processes of the

floodplains, (Source: Gopal, 2007)

It may be nobted that major rivers in India form extensive floodplains during their
course in plains, and these floodplaing harbour a range of wetlands, swamps,
marshes and even deep lakes, floodplain forests, and grasslands, all of which are
integral part of the rivers, These different river ecosystems are critical in
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The natural landscape elements of the floodplains - wetlands, marshes, swamps,
lakes, forests, grasslands - are river ecosystems and are integral part of floodplains
of rivers. Wetlands are vanously defined and the simplest practcal defimbon of a
wetland is that any natural lowlying area/ depression in the landscapes/ riverscapes
that holds water atleast for some part of the year and has hydric soils with or
without characteristic hydrophytes. Marshes are wsually swampy areas and do not
have hydric seils, and woody vegetation; it is often difficult to distinguish from
wetlands. The inland swamps are marshy areas with clayey substratum saturated
with water more or less throughout the vear and have woody vegetation, besides
Cattails, Phragmites and reeds, Often marshes and swamps are also included under
wetands, Lakes are deep water bodies and have an inlet and outlet and are usually
undergo thermal stratification. Sometimes the lakes are so shallow that there is no
thermal stratification in tropics. In general lakes in humid tropics rarely undergo
thermal stratification because of absence of steep temperature gradient.

The ecological significance of floodplain wetlands, marshes, swamps and lakes and
the ecosystern services rendered by them have been extensively covered in many
publications. Wetlands are crifical to sustain life in the Biosphere and the services
renidered by the wetlands include : {i) provide water and water related ecosvstem
services such as fish, prawn, rice and many other plant and animal products ; (if)
purify water, including wastewater/ sewage and industrial effluents; (ni) store flood
water and recharge ground water (hydrological regulation of floods and drought);
(iv) sequester carbon and climate regulation; (v)storm protection; (vi) erosion control
{viid) provide cultural and recreation faciliies and (viii) provide livelihoods to local
communities,

The structure and ecological processes of wetland and the ecological services
rendered by it are illustrated in Figure 9.
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Figure % Structure and function of wetlands and the ecological processes that generate

goods and services. (Source: Gopal, 2007)
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The Hoodplain forests and grassland are also critical components of biodiversity of
river systems and regulate several ecological processes, besides generating economic
products to local communities. For ExamP]E, the vegetation stahilise EEI:IiIIlEEI.I,‘E_.
prevent erosion, reduce flood velocity, maintain water tables, regulate nutrient
levels, purify water, immobilize heavy metals and toxic compounds, serve as
grazing ground for terrestrial wildlife and also as habitat for completing life cycles of
many :u.]uai:il: animals, enhance the rm:l'mrging mpar..—it}-' of ﬂnndp]ain, 5?1'\'#‘;15 sink
for OOk and other pollutants, and provide livelihoods to local communities,

The Ganga and Yamuna rivers, in plains of India, form extensive floodplains often
spreading for more than 10 km in width; some of the elevated floodplains already
encroached and human setlements were developed; some floodplains have been
converted into agricultural fields and orchards. The extensive floodplain forests
along River Yamuna at Kalesar Mational Park and wetlands, marshes, swamps,
lakes, grasslands, floodplain forests in the upstream and downstream of Madhya
Ganga Barrage over Ganga and massive wetlands of Haiderpur (Muzaffarnagar)
spreading over 1221 hectares and floodplain forests covering aver an area of 1432
hactares along River Ganga, and the massive wetands of Hastinapur Wildlife
Sanctuary along River Ganga are illustrated in Figure 10 to 27. It may be noted that
the enbre Ha,sl:inapur wildlife sanctuary is a wetland !-FIJ"I'E'.HdiI'IE over 11,000 ha of
area and is covered with water during monscon but becomes dry during winter and
summer months and are converted into agncultural fields duning dry period; there
are alse extensive marshes and swamps in both Haiderpur Wetlands and
Hastinapur Wildlife Sanctuary.

The figures 10 to 27 are included in the Guidelines primarily with the objective to
bring to the attention of stakeholders about the different river ecosystems that
already exisl in riverscapes and such ecosystems can be restored/recreated in
degraded stretches as a part of Biodiversity Parks in floadplains.
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Figure 10k Owverview of the riverscape of Yamuna river in the upstream of Hathni Kund
reservair al Kalesar Matiomal Park showing watercourses (channels), the

riparian zone, the floodplain, and the islands.
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Figure 11; Riverscape of river Yamuna showing floodplain forest with one of the dried
channels of the river passing through it in the apstream of Hathni Kund

Barrage at Kalesar Mational Park,
el |
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Figure 12: Riverscape of river Yamuna showing elevated floodplain that was converted

into an Orchard in the upsiream of Hathni Kund Barrage at Kalesar Mabional
Parlc.

Figure 13: Riverscape of river Yamuna showing floodplain grassland and forest in the
upstream of Hathni Kund Barrage at Kalesar National Park,
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Figure 14: Riverescape of river Yamuna showing in-stream habitat of the channel, riparian
zone and Floodplain Forest in the upstream of Hathni Kund Barrage at Kalesar
Mational Park.

Figure 15 Riverscape of the river Yamuna showing Acacia catecho deminated floodplain
forest in the upstream of Hathni Kund Barrage at Kalesar National Park,
23
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Figure 1 Riverscape of river Yamuna in the upstream of Hathni Kund Barrage at Kalesar
National Fark showing extensive riparian zone and floodplain forest.

Figure 17: Overview of the Moodplain of river Ganga in the upstream of Madhya Ganga
Barrage at Bijnor (Haiderpur Wetland) showing wetlands, marshes, swamps,
grasslands, forest and connecting channels.
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Figure 18: Flondplains of river Ganga in the upstream of Madhya Ganga Barrage at Bijnor
(Haiderpur Wetalnds) showing luxuriant marshy vegetation, grasslands and
tloodplain forest,

Figure 19: Floodplain forest of river Ganga in the upstream of Madhya Ganga Barrage at

Bijnor (Haiderpur Wetland).
]
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Figure 20 Planted forest on the elevated floodplain of river Ganga in the upstream of
Madhya Ganga Barrage at Bijnor (Haiderpur Wetland).
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Figure 21: Floodplain of river Ganga in the downstream of Madhya Ganga Barrage at

Bijnor {Haiderpur Wetlands) showing lake ecosystem.
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Figure 22: Floodplain of river Ganga at Hastinapur Wildlife Sanctuary showing marshy
prasslands.

Figure 1% Floodplain of river Ganga at Hastinapur Wildlife Sanctuary showing
conversion of wetlands, marshes and swamps into seasonal agriculture.
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Figure 24: Floodplain of river Ganga at Hastinapur Wildlife Sanctuary showing wetlands
and marshes with rich aquatic flora,
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Figure 25: Riverscape of river Ganga at Hastinapur Wildlife Sanctuary showing
grasslands and marshes with a flock of Goose feeding in the floodplain
grassland.

2R



Figure 26 Riverscape of river Ganga showing in-stream habital and riparian zone
occupied by agricultural fields (wheat fields) at Hastinapur Wildlife
Sanciuary.
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Figure 17 Riverscape of river Ganga at Hastinapur Wildlife Sanctuary showing
floadplain swamp with reeds, cattails and woody vegetation.
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4.0 BIODIVERSITY AND ECOSYSTEMS

Biodiversity is critical for the existence of life on the planet Earth. The different grui-ss
landforms that include mountains, plains, rivers and oceans together with their rich
ecological diversity support a myriad of life forms. The life forms and their
environments together with interactions among life forms and between life forms
and their environments constitute Biodiversity. Biodiversity is also often referred to
as Biological Diversity (Diversity at all levels of Biological organization). e

-, e

According to the Convention on Biological Diversity (CBD, 1992), Biological
Diversity refers to “the varability among living organisms from all sources
including inter alia, terrestrial, marine and other aquatic ecosvstems and the
ecological complexes of which they are part; this includes diversity within species,
between species and of ecosystems”.

The Biodiversity is broadly classified into three categories - (i) the genetic diversity
(ii} the species diversity, and (1) Ecosystem diversity; cultural diversity evolved by
humans is also often considered as a component of Biodiversity. The genetic
diversity inclades diversity from gene level to population level; the species diversity
includes the kinds and number of species at species level; and the ecosystem
diversity encompass diversity at community and ecosystem levels of biological
organisation.

Inn simple terms, Biodiversity or biological diversity refers to diversity at all levels of
biological organisation ranging from genes to Biosphere.

The role of Biodiversity in the structure and function of river system has been
discussed in the earlier chapters. The Biodiversity of river systems include plants,
animals and microbes. The plants are represented by microphvtes which indude
microscopic  photosynthetic organisms such as algae and phytoplankton, and
macrophytes that include macroscopic plants of aquatic environments which may be
floating, submerged or rooted in sediments and emergents with rooting in the
sediment. Terrestrial forest communities are also found on embankments, uplands
and floodplains.

The animals include zooplankton, benthic fauna (macro-invertebrates) and
dominant vertebrate groups such as fishes, birds, reptiles and amphibians. In the
forest communities many animals belonging to diverse taxonomic groups are well-
represented.
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The microbial communities indude protozoans, fungi, bacteria and viruses, The

terresimial commumibies have many sml borne microbes, mmcluding arbuscular
mycorrhizae,

The relationships of hydrological features with the Biodiversity through different
ecological processes (interactions) are previously illustrated in Figure 4,

4.1 Ecosystems and Ecological Services

&

Waler, soil/rock, air and living organisms constitute environment. These four
components of environment are also known as environmental resources or natural
resources. These four environmental components interact within and between them
i a given area/location and form a complex, self-sustaining, dynamic, functional
natural system known as ecosystem. Ecosystem is the basic unit of ecological
organisation in Nature. Ecosystem has many attributes and the most important ones
are that (i) ecosystem exists in more than one state, and (ii) the ecosystems have
resilience. For example, natural forest is a natural state of ecosystem and when it is
conbinuously grazed it becomes a shrubland and the shrubland becomes grassland if
grazing is continued. There are three states of the ecosystem - the nmatural forest
ecosystem, the degraded shrubland ecosystem and the degraded grassland
ecosystem,

Resilience of the ecosystem refers to its ability to go back to its natural state if the
disturbance regime (grazing) is within its threshold limits. If the disturbance regime
crosses threshold limits, the ecosystem losses ils resilience and convert from one
state to another state. For example, if there is an intermediate grazing, the forest
ecosystem goes back to original state, 1e. natural forest ecosystem because of
resilience; but if there is an intense grazing, the forest ecosystem loses its resilience
and degrades to a shrubland ecosystem.

The ecological processes resulting from interactions among four components
generate a wide range of services and goods known as ecological services or

erosyshem services.

The different ecological services rendered by ecosystems are classified into four
categories: (i) the provisioning services that include the food that we take, the water
that we drink, the shelter where we live in, the clothes that we wear and the drugs
that we take for curing our diseases, all of which are derived from ecosystems; (ii)
life supporting services like nutrient cycling, soil formation and primary
productivity; (iii) regulatory services that include climate regulation, flood and
drought regulation, disease control and water purification; and (iv) cultural services

il
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that include aesthetic, HFiﬁhJ.EIL educational and recreation values. All these services
comiribute to human well-being. '

The different functions of river ecosystems, which have been discussed extensively
in the earlier chapters, represent direct and indirect ecological services and goods
balomging to above mentioned categories.

To illustrate the ecological services and goods provided by ecosystems, the
ecosystem services rendered by Australia's tropical river systems are given in Table
2,
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Table 2: Different ecological services with examples of goods, activities and benefits
rendered by Australia’s tropical river system. (Sowrce: Gopal, 2007) +

Ecoavstem services

Examples of goods, achivities and benefits provided

Provisioming

Food Production of fish, other aqualic lerrestrial species, fruit, and
grains for recreational and subsistence hunting and gathering

Fresh water Storage and retention of water for domestic, ecological,
aquaculture, mining, fishing. and agricultural use |

Fibre and fuel Production of logs, fuelwood, and fodder for building, cooking,
and warmth

Biochemical Produchon of biochemacals and medicines and  industrial

products

Genetic materials

Production of genetic material (genetic resource)

and waste eeneration

Regulating

Climate regulation Source of and sink for greenhouse pases; influence local and
regional temperature, precipitation, and other climatic processes

Water regulation Groundwater recharge/ discharge; hydrolegical reglme is Rﬂ.—’

(hydrological flows) driver of ecosystem processes and food-web shructure

Water purification | Retention, recovery, and removal of excess nutrients and other

pollutants

Erosion regulation

Retention of soils and sediments

Matuaral hazard | Flood control, storm protection
regulation
Biclogical control Control of pests and diseases
Cultural o
Spiritual and | Source of inspiration for well-being and ark; spiritual benefit;
imspirational specific and unique indigenous spiritual and cultural values
Eecreational Chpportunities for recreational achvities and tourism
Heritage and sense of | Cultural heritage and identity
place
Aesthetic Many people find beauty or assthetic value in aspects of wetland
ecosystems
Educational Upportunities for formal and informal education and training
Supporting
Soil formation Sediment retention and accumulation of organic matter
Habitat provision Provision of habitat tor wildlife feeding, shelter, and reproduction
MNutrient cycling Storapge, recvcling, processing, and acquisibon of nutrients
4.2  Changes in Ecosystems and their Degradation

Humans have been changing the ecosystems, and human induced changes that took
place in ecosystems during the last 50 years exceeded all those changes that took
place in the entire human civilization. Some changes (food production systems)
benefited humans but most of the changes have adverse effects on ecosystems and
manifested into 21st century environmental challenges. Loss of biodiversity is the
major 21% environmental challenge that is a threat to human survival and existence
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About 87 percent of wetlands were extinct due to land degradation, 100s of springs
were dried up. Many Indian 3rd order tributaries were either vanished or become
sewers or filled with solid waste. In fact, many rivers in urban stretches have become
open sewers and lost their self purification abilities due o absence of microbial,
algal, phyto and zooplankton, macrophytic and benthic faunal communities, all of
which were extinct due to heavy pollution load. The less of floodplains and their
wetlands and riparian ecosystems also led to degradation of river ecosystems and
deterioration of water quality.

Human activities that led to degradation of river ecosystems mclude: (i) damming
up of water leading to diversion of river flows to agricultural, industry and domestic
use; (1) diversion of river flows for generation of hydropower: {iii) channelization by
constructing embankments, bunds and bund roads for preventing flood waters
entering into encroached human settlements on the floodplains; {iv) intensive sand
and gravel mining from in-stream, nparian zone, floodplains and earthen
embankments; {v) conversion of floodplains into agricultural fields; (vi) conversion
of wetlands into paddy fields; (vii) loss of biodiversity along embankments, uplands,
catchments and watersheds; (viii) dumping of solid waste into wetlands; (ix) filling
up wetlands for human settlements; (x) dumping of solid wastes on the floodplains
tor human settlements; (xi) discharge of wastewater (domestic sewage and industrial
effluents) into rivers and wetlands leading to death of riparian ecosystems; (xii}
excess withdrawal of groundwater from the areas close to floodplain; (xiii) intensive
grazing; {xiv) invasion of invasive alien species; {xv) excessive natrient loading due
to agricultural runoff; (xvi) contamination of water with pesticides and other
chemicals used in agricultural and dairy farms, etc. The challenge s how to
rejuvenate dying rivers?
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50 BIODIVERSITY PARKS: A HOLISTIC APPROACH FOR
REJUVENATION OF RIVERS '

The river ecosystems across the country are highly degraded, and the pollution loads
are 50 high that the water in most of the rivers, particularly in urban stretches are
unsuitable even for irrigation. The challenge is how o rejuvenate river ecosystems
which are highly complex. To achieve this goal, there is a need for holistic approach.
One such approach is the establishment of Biodiversity Parks along the floodplains
of rivers of India. The Biodiversity Park approach involves restoration of degraded
river ecosystems and recreation of lost ecosystems, biological reatment of waste
waters that enter into rver, and use of natural wetlands for cleaning channel water
and storage of flood water. The Biodiversity Park approach is detailed in the
following pages:

5.1 Concept of Biodiversity Parks

Biodiversity Parks are umique landscapes/riverscapes of wilderness where
ecological assemblages of native species are recreated over marginal/degraded
landscapes/riverscapes. Biodiversity Parks are based on the ecological restoration
principle and the underlving principle is to establish self sustaining ecosystems that
have biodiversity and function that generate ecological services that contribute to
well being of humans.

Biodiversity Parks in riverscapes include restored/ recreated river ecosystems along
degraded stretches of rivers for their rejuvenation.

The Biodiversity Parks of floodplains of rivers include the restoration/recreation of
diverse landscape elements of Hoodplains such as wetlands, marshes, swamps,
lakes, forests and grasslands, besides riparian ecosystems and in-stream
communities. It also includes the development of greenways along embankments,
forest communities on adjacent uplands and treatment wetlands for cleaning river
water and constructed wetlands for treatment of sewage and industrial effluents that
enter into rivers.

The Biodiversity Park concept ensures the original ecological integrity of the
landscape/riverscape and prevents introduction of any external element in the
landscape / riverscape that might affect native flora and fauna.

The Biodiversity Park approach is innovative approach or model for recreation of
lost biodiversity or natural heritage and it is a conservation approach. It involves
conservalion of ecosystems, commumnities, species, populations, and simulate
MNatiomal Parks/ Wildlife Sanctuaries/ Nature Reserves,/ Wilderness.
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5.2 Functions of Eiud.ilrersit}r Parks

Biodiversity Parks have wide range of functions and encompass almost all the four
categories of ecosystem services rendered by ecosystems, and include: (i) enrich
human microbiome as the parks harbour rich environmental microbiome which in
turn reduces the human health risks and public health burden; (ii) serve as filters for
point and nonpoint source of air pollutants; (iii) store flood water and recharge
ground water; (iv) prevent soil erosion and stabilize {floodplains; (v) reduce flood
water velocity; (vi} serve as hub for conservation, educational and cultural achivities;
(vir) promote ecotourism; (viit) connect the city and its citizens to nature and
biodiversity; (ix) provide livelihoods to local communities; (x) serve as living
museum for understanding ecosystem processes and function; (xi) sequester CO3
and impart climate resilience, buffer local weather and even cause local
precipiation; (xi) serve as habitat for vanishing flora and fauna (xdii) purify water;
(xiv) enhance biological productivity; (xv) sustain river ecosystem and, (xwvi)
rejuvenate rivers.

Biodiversity Parks of riverscapes have many other functions such as:

(i) cemtribute to self purification system of river water;

(i) regulation of stream flows;

{iii) prevention of channel bank erosion;

(iv) uniform distribution of sediments;

(v} stabilization of flood plains;

{vi) trapping of sediments;

(v} reducing flood water velocity;

(wiii) immobilization of heavy metals and nutrients such as nitrogen and

phosphates, including heavy metals;

{ix) regulation of nuirient cycle leading to enhanced water quality;

(x} storage of flood water;

(xi) recharge of Fuundwatr-_'r and enbancement of baze flow for sustained
riverflow:

(xii) [iltration of surface runolf from upland, embankments and watersheds;

{(iii ) sink for CO» and buffer local weather;
36
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(xiv) reduction in loss of water from surface evaporation;
(2v) provide diverse products to and livelihoods of local communities;
{xvi) provide recreation to the public;

{xvii)  preservation and sustenance of diverse river ecosystems and the flora and
fauna;

{xviil) promote ecotourism; S

(xix) habitat for RET (Rare, Endemic and Threatened) aguatic and terrestrial
plant and animal species;

(3%) regulate water temperature leading to enhanced water quality;
{2t bioremediate wastewaters that enler into river system; and
(xxif)  cleaning of river water through treatment wetlands (natuaral),

These functions of Biodiversity Parks in riverscapes have already been discussed
extensively in Chapters 2 and 3.

5.3 Structural Components of Biodiversity Parks

A Biodiversity Park can have wide range of landscape/ riverscape elements, and it
depends upon the space availability, nature of the ecosvstems that used to exist
before degradation, topography of the area and what the local communities need,
besides the main goal of bringing back the lost pristine glory of the landscape/
riverscape and rejuvenation of rivers. An ideal Biodiversity Park has two zones: (i)
the Nature conservation zone and (ii) the visitor zone. The nature conservation zone
consists of terrestrial and aquatic ecosystems of the area where the natural forest
ecosystems, Hoodplain wetlands, forests and grasslands, river channels and their
intercomnections with wetlands of floodplains are located, The visitor zone will have
a number of elements such as representative ecosystems of the area, a herbal garden,
an aguatic garden to preserve the aquatic resources, wetlands, butterfly
conservatory, green ways along the embankment, diverse wetlands that attract
diverse group of birds, NIC, constructed wetlands for treatment of wastewater,
natural bathing sites for local community on specific festivals and Recreational
Parks,

The Biodiversity Parks of riverscapes can have the following structural components:

(i)  Forest communities along the river embankment and adjacent upland.
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(iii} Greenways with Recreational Parks, where human settlements are located
close to the river.

(ivl Floodplain forests and grasslands, marshes, wetlands and lakes on
floodplains.

(v} A butterfly conservatory, an herbal garden, a recreational park and forest
communities on elevated Hoodplains, o

{vi}  An NIC on the elevated floodplains/ embankment; upland

{(vi)) Representative riparian ecosystems along the channel banks and riverbeds.
{viii) Natural bathing sites for local communities.

(ix) Natural treatment wetlands for cleaning of river water,

(]  Constructed wetlands for treatment of wastewater that enters into river.
(xi}  Anaquatic garden for conservation of aquatic flora,

(xii) Infrastructures for promoting awareness, education and baining on the
conservation of river ecosystems.

5.4 Size of Biodiversity Parks

The size of Biodiversity a Park depends upon the amount of land/the stretch of
riverscape available. The mimimum land required for biodiversity park is 100 acres,
but 50 acres patch can also be developed into a Biodiversity Park. 10 patches of 10
acres each that are located in a cluster can also be used for development of
Biodiversity Park. The Biodiversity Parks can be developed in linear fashion along
Highways or rivers with stretches of 0.5-5.0 km wide. The upper limit of Biodiversity
Park is similar to that of National Park, ie. few hundred km?.

The size of Biodiversity Parks in riverscapes depends upon the stretch (length) of the
river available, the extent of floodplan width and the riparian zone, presence of
wetlands and the extent of upland area. The stretch can be 1 km to 100 km long and
(055 km or more wide on either side of channel. The Biodiversity Parks in
riverscapes should be developed in linear fashion. Some of the major rivers of India,
in the plains, have floodplains extending several 100 km stretch and include vast
tracts of elevated floodplain forests.

38



3.5

wes” s

|'_'|-\.|| i

Planning, Designing and Development of Biodiversity Parks in

Riverscapes '

step-wise procedures involved in planning, designing and developing Biodiversity
Parks in Riverscapes are outlined below:

1.

Selection of the riverscape.

Identify the stretch of river that is at Ieast 1km long (the length may be
anywhere between 1 and 100 km) that has lesser gradient, expensive
floodplains (anywhere between 0.5 km - 5 km wide or more on either side of
the water channel and the embankment/ bund) and an upland area of the
size anywhere between 50 m and 500 m wide strip along the embankment/
bund.

Stretches having threats, connectivity, services offered and potential of
enhancing the integrity of the ecosystem considered and the potential of
demonstrating an integrated approach for restoration may be preferred.

The river stretch with high conservation values and under anthropogenic
pressure should be identified for the Biodiversity Park. So that conservation
of inhabiting species (e.. Freshwater turtles) could be ensured through
community engagement.

There is a need to undertake the assessment of ecosystems, Hora and fauna in
the past and present at the site and its upstream and downstream areas. The
past information can be obtained from the previous published information
including floras and faunas and scientiic papers, if any. The present
mnformation in the form of biodiversity mapping can be done by floristic and
faunastic survevs. These surveys include the listing of kinds of species of
plants and animals found, the wvegetation types, the phytosociological
features (dominance, abundance and frequency distribution of plants and
birds), invasive species if found, and use of plant and animal species found in
the area. This information is useful in selecting the species for community
and ecosystem development.

Proper environmental and ecological assessment of the proposed site taking
into account the needs of local communities and participation of Panchavat
Raj institutions should also be carried out.

Regiomal Cffices of Bolanical Survey of India (BSl) and Zoological Survey of
India (Z51}) mav be approached for identification of plants and animals found
in the area/region. Both BSI and Z5I also have databases of the plants and
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animals of the area/region and such databases are useful in Biodiversity
mapping.

Note: Please select the stretch where there is no agriculture in floodplains and
human settlements on embankments and presence of a strip of upland cose
to the embankments. Location and design should not interfere with the
hydrological, geomorphological and ecological connectivity. Biodiversity
Park should follow all existing rules and regulations including those related
ko social and environmental impacts,

At higher elevations (headwaters zone), the Biodiversity Parks may include
the restoration/ recreation of in-stream communites, riparian ecosystems and
also adjacent upland ecosystems besides the ecosystems of catchments and
watersheds. In these areas, the floodplain is either narrow or absent In hilly
areas, where the riverscapes have extremely narrow floodplains, Biodiversity
Farks of such sites include restoration/ recreation of in-shream ecosystems,
riparian ecosystems, adjacent upland ecosystems and ecosvstems of
catchments and watersheds.

Secure the area by fencing along the embankment/ upland area and the
boundaries of floodplains at the upstream and downstream of the stretch
selected.

It may be noted that identification of wetlands and demarcation of land for
interventions should be done based on the study of natural drainage patterns
and conmechvity analysis along with consultations with the local
communities, keeping in view their existing rights and privileges. Restoration
of wetlands should be done on the principles of wise use concept.

Note: No fencing should be done along the water channel front.

Survey the vegetation of uplands located in the neighbourhood of the site
selected for selection of plant species of trees, shrubs, herbs, and grasses that
will be used for the development of terrestrial communities on uplands,

embankments and elevated Hoodplains.

Note: The propagules of the species selected (seedlings, seeds and ramets/
root slips of grasses) should be collected and raised and multiplied in a
Nursery,

Development of a Nursery in 2 to 5 acre plot located in embankment/ upland
area (depending on the size of Biodiversity Park) for the maintenance of
saplings and multiplication of saplings.
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Development of forest plant communities on elevated floodplains, flat
floodplains, embankments and uplands: -

(a) Development of grasslands, to start with, on the upland, embankments
and fleod plains.

(b} Plantation of saplings of top canopy tree species.

(c) After 2-3 years of top canopy species plantation, plantation of underwood
species should be done.

{d) After 4-3 years of plant community development, plantation of herbaceous
plants should be done.

MNote: The wvegetation developed will prevent erosion/reduce
sedimentation load, enrich nutrients in the aquatic ecosystems and
improve the water quality. All plantation activities should be done using
native plants only.

Survey of floodplains for location of the wetlands, marshes, swamps, lakes,
grasslands and forests. A GIS based map of the area may also be developed
For planning.

() The elevated areas in floodplains should be developed into floodplain
forest communities, The shallow and undulating depressions should be
used for grasslands.

(b) Different grassland communities should be developed based on the
moisture gradient. The grass species required may be collected from
already existing floodplain grasslands om undisturbed stretches of river
close to the selected site.

Note: Propagules of some grass species may also be collected from upland
grasslands located in the neighbourhood of the selected site,

(c) If there are already existing wetlands, marshes, swamps and lakes, these
ecosvstems should be restored. The first step in the restoration is desilting
{in case of marshes and swamps desilang should be done less than 1 m
depth; in case of wetland, desilting should be done upto a depth varving
from 1 to 3 m; and in case of lakes, the desilting can be done upto a depth
of 3 to 5 m). The silted material can be used for landscaping around the
walerbodies. These landscaped areas should be grassed with native
floodplain grassland species.
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After desilting, miroduce phytoplankton, zooplankton, Eﬁﬂ:ut fauna, aru;if f
fishes into the restored floodplain wetland ecosys
vertebrates colonize these ecosystems on their own soon. H‘H

(d) If wetlands, marshes and swamps and lakes were vanished at the site,
these have to be recreated on the sites where some hydrophytes such as
Cattail and Phargmifes exist

(e} To provide seed material of animal communities, two nursery ponds
should be developed in the elevated floodplains zone/ upland area:

(f) If there are silted comnecting channels between water channel and the
wetlands and lakes, these silted channels should be desilted upto a depth
of 1 m or 50 and the excavated material should be used for landscaping.
The channel should be lined with reeds and cattails.

(g} If channels were vanished, these channels have to be created. These
channels should be shallow (4-B m wide and 1-2 m deep). These channels
should be lined with reeds and cattail plants.

{h} If there are habitats that support riparian communities and the habitats are
degraded, restore them and introduce the planktonic, benthic and other
plant and amimal communities characteristic of riparian communities.

(i) If the riparian ecosystems were vanished, the ecosystems have to be
recreated in the riparian zone. If such zones cannot be created along the
channel, simulated riparian ecosystems have o be developed in the
floodplains close to the water channel, using boulders, stones and pebbles,

(j} If the water in the channel has lost in-stream biotic communities, these
have to be introduced.

(k) If the water quality is low due to discharge of sewage and industrial
effluents, the water from the channel has to be treated by passing it
through treatment wetlands to be developed in the floodplains and
channels have to be created in a way that channel water pass through
these wetlands from the upstream and then enters into the downstream.
In fact such treated wetlands and channelization of water all along the
river in floodplains may rejuvenate the rivers.

(j) If storm drains carrving sewage is passing through the fAoodplains, the
treatment wetlands have to be developed for in-situ biological remediation
of sewage before it is discharged into river.
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{m) If natural wetlands do not exist for the treatment of storm drain sewage,
constructed wetland system has to be developed. The constructed
wetland system has the following units: ' .

(i} One or two oxidation zones / ponds/ units separated by mini weirs of
1 m or 1.5 m high; this is connected to (ii) physical filter F,DnE'fFH}nd,-" unit
that have 5 to 10 gabions of 1m high, 2' wide with boulders of 2' size
embedded in iron mesh, and this wunit is connected o (i) constructed
wetland unit consisting of 8-15 ridges and furrows; the ridges are Tm high
and 2° wide and made of stones/ pebbles of 180-200 mm; the furrows are
used for plantation. The length and width of each unit depends upon the
length and width of drain, hydrological features such flow rate, volume
and organic load of sewage.

It is important to prevent pollution at the source, particularly the drains
that carry industrial effluent by having a common effluent treatment plant
and S5TP for domestic sewage and then recycle the treated water. In case
prevention of pollution at the source is not possible, in-situ remediation of
sewage entering into river from clusters of villages should be carried out
using constructed wetland as a part of rejuvenation of river.

{n) Aided rL*ﬂEnEral:i.{Jn,.I"F!anlatinn of native species to develop and support
native ecology will be undertaken wherever it is necessary.

(o) While designing the restoration/ recreation of wetlands, it is necessary to
keep in view the wetland functions so that activities such as development
of embankments and other topographic changes should not alter the
natural flux of water, sediments and species.

Development of Butterfly Park

This should be developed on upland/ embankment, and suitably landscaped.
About 70-100 host plants for larvae and 70-100 Howering native herbs, shrubs
and trees that produce nectar bearing flowers seasonally and serve as host
plants for adult butterflies should be planted. About 50-100 species of
butterfly will be attracted to the Butterfly Park. The area required for
development of Butterfly Park is about 2 to 5 acres.

There should be 2-3 small shallow walerbodies scattered over the area. Each
waterbody should be 10 m X 10 m and 1 m depth. This is needed for
maintaining relative humidity, There should be shelter belt around the
periphery of Butterfly Park with 1 or 2 rows of bamboo.
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Development of Herbal Garden ~

F

An area of 3-8 acres in the upland/ elevated Hmﬂplui:ﬂj:aﬁ-_be developed
inte a herbal garden for the conservation of native medicinal ]::llarnls- Planits
that can be used in home remedies can be grown and can be provided to local
communities, About 100-150 species of local plants of medicinal value can be
grown. The cultivation practices, medicinal properties of plants grown should
be provided on signages and should be also displayed in the Mature
Interpretation Centre.

The area should be suitably landscaped depending on the sike characteristics,
Fruit Yielding Garden (Orchard)

A fruit vielding plant garden can also be developed along embankment/
upland. About 25-3) acres can be used for the development of local vareties
of popular fruit vielding species in the region.

Birding Area

Besides cultivated fruit bearing plant garden, wild shrubs and trees bearing
tresh frnts should  also be planted to attract birds. This should be designated
as Birding Area. This should be located over an area of 25 -30 acres in upland
JSelevated floodplains.

A Nature Interpretation Centre (NIC) is critical in a Biodiversity Park for
promoting awareness among public and students on the need for river
cofiservabon and sustenance of river ecosystems to sustain water quantity
and quality. It also serves as a platform for undertaking other actvities
related to Biodiversity Education and training,

A modest building (aesthetically designed with built up area of 10,000-15,000
sq. ft) 15 adequate enough. It should have Toilets and a small Seminar Room
where visitors can sit to discuss the issues relating to river ecology and
management. An office complex of 08 5q. ft and a minor laboratory of 5000
sq. ft. may be attached to NIC. This complex should be developed in the

up]and area.

The Biodiversity Parks, once established, provide opportunities to people to
learn from the Park itself. To achieve this objective, the Biodiversity Parks
should include the following provisions:
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16,

17.

15,
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20.
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(i)  Guided tours;

(ii) Awareness education on Biodiversity and environment among
students and people;

(iii) Preparation of leaflets and training modules for different target groups;

{iv) Popular lalks by experts; and

(v) Linkages with research centres in local Colleges and Universitics, and
also with BSI and Z51.

A recreational garden should be developed in and around NIC without
interfering with the hydrological and ecological connectivity of the riverscape,
landscape or wetlands, The area required will be 1 to 2 acres. The area should
be suitably landscaped.

A network of trails connecting different structural elements of Biodiversity
Park should be developed. The width of major trails should be 8 wide and
secondary trails connecting major trails should be 6' wide and terbary trails
that connect secondary trails should be 4" wide. This network of trails should
pass criss-cross way across the riverscape. No concretization of trails should
be permitted; No paver blocks should be used.

A field vehicle, a tractor and a golf cart are essential for the Park,

A recreational park on 5 acres of upland;/ embankment/ elevated floodplains
should be developed.

Use of nature-based solutions for water and waste management including
composting of aquatic weeds,/ leal litter and floating reed beds and floating
fountains for freatment of water should also be integral part of the
Biodiversity Park.

A weather station may also be installed in the Biodiversity Park and also
information on hydrology should be collected,

The Biodiversity Parks should have a provision for comservation of local fish
species, and their importance in ecology and culture should also be displayed
in the NIC.

The Guidelines is also applicable for the development of Biodiversity Parks in
river reaches which are not embanked,

Various climatological challenges should be factored in while preparing the
project proposal for Biodiversity Parks.
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M. Only eco-friendly construchion materials should be used mﬁ{-ﬁ.&e]up:ng I,‘]'u-h" ‘.l:
Biodiversity Parks. 1} el 1A

1 "1.

22, Buwodiversity Parks, once developed, should be sustainably m.a ¢m that o/
no solid waste and other waste should be dumped, L2

23, In case if legacy waste is located in the floodplains and upland areas, the
lepacy waste should be remediated and restored as a part of rejuvenation of
rivers through the development of Biodiversity Parks,

24, Legacy waste is the solid waste dumped in the floodplains of rivers and has
become part of elevated and upland zones of floodplains. These legacy waste
zomes of floodplains are very commeon along major rivers and its tributaries,
parbicularly in strefches where urban centres are located.

These legacy waste zomes can be remediated by the development of grasslands and
or site specific forest communities,

Many grass species like Saccharum, Sporobalus, Vetroeria, Eragrostis, Bothriochlos,
Heteropogon, Chriysopogoen, Paspalim and Panicum not only uptake heavy metals and
immaobilize them in by complexing with organic matter/ humus but also
biodegraded toxic pollutants with the help of rhizospheric microbial communities.

The broad leaved forest spedes (trees, shrubs and herbs} with rich and diversified
microbial communities biodegrade even Volatile Organic Compounds (VOCs), i.e.
Polycvelic Aromatic Hydrocarbons {PAHs), emergent pollutants and other toxic
chemical pollutants but also uptake and immobilize heavy metals. [t may be noted
that the forest communities together with grasses play key role in changing the
physical features of legacy waste that transform into substratum that hold moisture,
recyele nutrients and recharge ground water, In other words the quality of river
water is sustained by regulating nutrient cycling. In this way legacy waste over a
pericd of tme is bophysically transformed into a substrabum that supports
biological communities and render ecosystem services including rejuvenation of

TIVET.

5.6 Schemalic Layout of a Typical Biodiversity Park in Riverscape and a
Constructed Wetland

To facilitate how t©o implement the design of Biodiversity Park planned in the
riverscape without any difficulty to the stakeholders, a schematic layout of a typical
Biwosdiversity Park in the nverscape showing different structural elements is provided
(Figure 28). A schematic layout of a typical constructed wetland for in-situ biological
remediation of sewage that enters into the river is also given (Figure 29).
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Figure 28: Schematic layout of a typical Biodiversity Park of the riverscape showing different structural components.
1 - Floodplain forest on the elevated ridge; 2 - Floadplain forest with Acscin cafecie, Bombar and Ber, 3 - Wild fruit-beartng shrubs and trees (Birding Area), 4 - Phog Em-.-r,

5 - Shrubland, & - Orchard, 7 - Bamboo thickets, § - Grassland with scattered trees, 9 - Aquatic garden, 10 - Recreational Park, 11 - Butterfly Park. 11 - Herbal Garden, 13 -
Mursery, I - Serculia dominated community, 15 - Bufes dominated commuunity, 16 - Holopteles dominated community, 17 - Tennslis srjuna dominabed a:onmlru.ﬁlty, 18 1 2
= Different Moodplain forest communities. 22 - Grasslands ancd marshes, 23 - Eevated foodplain, 24 = Treamment wetlands (natural), 244 - Camuumyd: weuand, 25 -
Calclument wetlands, 26 - Marsh, 27 - Oxbow lake, 28 - Natare Interpretation Centre, 29 - Office Campus, 30 - Dotted line (—] indicates trails, 31 - Riparian zone, 32 -

Flecdiplain, 33 - Upland !
4 \

-

gih



uty

i T L1
}h“i: R  rait P E T
T . SEIE OF WA M aam
I AT O t;ﬂ‘u"g?ﬂ B A e i
m; B AT Sl &
f::hi;'ﬂ1 : ZuE IE:,T;:':MHH_
©F Vi DERMN % \L 1
o T
S memn ST
LEVATED
E
FLeoo DyrLic AL FL:.'I_‘EI-:F.'-;:I:::
Fraind o8 ﬁ,.g_,"_ﬂ{. bresSiie
o I
- unuLﬂEﬂf oF & feet
By | cmbedded in mesh
T Lpesaiaeiis
3“'5"5"'3 3 ETLARD
et = Eﬂﬂf‘.ﬂ it fariTRULTER W
LISy oy o gtoiu FRIDLES F im
Cochimaasnacs ol —| FLOW L Sne o sTeies
wgia Y B |arp PEBDLES oF ifete
i s earnn
wiTH PLAMNTS %F.._ﬂ.,u.'.ﬁ‘“g el
gV RV A O
_%Hnﬂﬁ%% & ‘%i £
A e e W W
Biw W e WO WA
*F i q}g -'I-EJ
ST T L GABIGN.
Froon Pram Froeb PLam
[ ]
: oA -
RIPARIAN ZONE _R)PARIAN ZoniE
E £ E“ ER waTe R‘;EH#HH% E
i —— - ==ta LT
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Preparation of Detailed Project Report (DPR) fqr l:l{l-ﬁ Development

of Biodiversity Parks in Riverscapes

After knowing the detailed procedural steps for planning, designing and developing
of Biodiversity Parks in Riverscapes, it is important to know how to prepare DPR for
approval of the Project by the Competent Authorities and for implementation.

The DPR should have the following details:

(1)

12}

A brief introduction to the Project. This should contain the background on the
ecological issues of the stretch of river selected, and how Biodiversity Park
would address the issues leading to the rejuvenation of the river stretch, and
the benefits that the project can deliver to local communities. It should also
include geomorphology and the hydrology of the river reach, in particular
inflows and outflows,

Contour map of the selected stretch with details in the upstream and
downstream and upland area on either side of fver banks; latitude and
longitude, and topography of the selected site; demarcation of the area for
Biodiversity Park on contour and also on Google Earth maps should be given.

Description of site characteristics including the flora and fauna of upland area
and embankment, details of floodplain landscape elements, riparian zone,
in-stream characteristics such as flow rate, volume of water, depth of water,
water quality, extent of fishing, aquatic flora and fauna, number of storm
drains thal carry sewage that enters into wetlands/ rivers, presence of
wetlands,/ swamps/ marshes/ lakes, and if present details of their vegetation
and ecology, and land use of the site should be provided.

It should also include information related o (i) its historical and cultural
significance of the riverscape/ landscape /wetland and of that particular site;
(i) its environmental significance in terms of maintaining the balance of a
healthy ecosystem; (iii) its ecological significance in terms of dependence of
different life forms & abiotic components (the aquatic life, the terrestrial life,
riverine flora) on this river and its resources; (iv) its subsistence livelihood
dependencies; (v} various climatological challenges the river is facing; (vi)
various man-made challenges the river is facing).

Regional Offices of BSI and ZSI can be approached for floristic and faunistic
databases.
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(12)

UG | e

Py
|3

N,
>

g ".
-1l

L f

j om, -\-

(i
Estimates for development of Nursery, whi E‘I;I{.l "d’: Iythene bags,
earthen pots, garden implements, a bore we =7 ‘Iﬂ'mu% and fencing etc.
and porta-cabin, should be given,

.|'I""_ 1
Ll _I'l.l"'..l._:.

Estimates for desilting or creation of wetlands/ marshes/lakes/swamps and
use of desilted material for landscaping around the wetand
/marshes/lakes/swamps (no transportation cost except in cases where it will
be needed) should be provided.

The depth of wetlands /marshes/ swamps /lakes have already been
specified in the earlier chapter; the width and length depends upon the
existing wetlands/ marshes/ lakes or patches where hydrophytes (Cattails
and Phargmites) are found.

Estimation of costs for desilting of channels that connect the river/stream
channel with wetland and lakes should be provided. The depth and width
have already specified; the length depends upon the distance between the
stream channel and the wetland /lake.

Estimation of the cost of fencing as specified in the earlier chapters should be
provided.

Estimates for the restoration/recreation of riparian ecosystems, will involve
the cost of stones and pebbles to be used in the area for diversification of
habitat of the riverbed if the riverbed is not alluvial in nature, and desiltation,
should be given.

Estimation for the channelization and creation of treatment wetlands for
treating stream water should be given. This depends upon the availability of
area which cannot be submerged during low floods, The channelization
should be atleast of 500m long and pass through a series of treatment
wetlands.

Estimates tor the development of constructed wetland system for in-situ
remediation of sewage that enters into channel through floodplains should be
provided.

Estimates for developing network of trails without concretization and paver
blocks but !:i:n.‘i'.l‘l.ﬂ on either side with stones should be provided.

Cost of purchase of saplings from Forest Department nurseries and
government nurseries for plantation should be given,



(13)

(14)

(13)

(16}

(17)

(18)

(19)

(20)

121)

(22)

(23)

5.8

Approximate cost of procurement of fish fingerlings of na.l.wl_ fish species
should be provided. e, P

Wages of atleast 20 Multi-Tasking Staff (MT5) as per the state government
wages should be calculated.

Salaries of 4 Scientists at the level of Scientist "B' (one plant taxonomist, one
animal taxonomist, one ecologist and one limnologist) should be included.
Atleast 3 Field Supervisors at the level of Technical Assistant and one
Administrative officer-cum-Accountant and one Office Assistant are required
to develop and manage Biodiversity Parks. The salaries of these staff should
be included in the annual recurring expenditure. The Biodiversity Park can
hire a hydrolegist as a consultant whenever his services are needed.

Conbingency and consumables are recurring grants, and these grants are also
needed for day to dav work and should be included in the budget,

Costs of construction of NIC, toilets, office complex, and laboratory have to be
estimated, Specifications have already been given in the earlier chapter,

Oine Tractor with Accessories (about Rs, 8 lakhs), one field vehicle (about Bs. 4
lakhs} and one Motorbike (about Rs, 1 lakh) will be essential and should be
mcluded mn the budget.

Equipment for monitoring water quality will be required. This will cost about
Rs. 5 lakhs.

Estimates of one or bwo polyhouses of 20 m long and 10 m wide with exhaust
fans should be provided.

Depending upon the size of Biodiversity Parks, atleast 6-% security staff will
be required. The budget for engaging security staff should be provided.

The duration of the project should be initally for 5 years.

The DPRs should also include annual Operational and Maintenance (O&M)
costs.

Source of Funding for Development of Biodiversity Parks in
Riverscapes

The implementation of DPR of the Biodiversity Park depends upon the funds
available, The major source of funding for development of Biodiversity Parks in
riverscapes for rejuvenation of rivers should be from the National Mission on Clean
Ganga (NMCG) for river Ganga and its basin which includes river Yamuna; and

Al
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another primary source of funding is Minstry of Environment, Forest and Clirvate
Change, Government of India. The other sources of funding for development of
Biodiversity Farks in riverscapes for rejuvenation of rivers includé..

(i) Smart City Funds; (i) Municipal Corporation; (i) Village Panchavat; (iv)
State Irrigation Department; (v} State Tourism Department; (vi) State
Pollution Control Board; (vii) CSIR grants from PSUs and Public Sector Banks;
(viii) Public and Private Sector Corporations; (ix) world bank and UNDF; (x)
donabons from individuals/ charitable brusts; (x1) International Agﬂlrjeﬁ; (1)
Ministry of Housing and LUrban Affairs, Government of India; (xiii)
Departments of Urban Planning of State Governments; and (xiv) Minsitry of
Jal Shakt, Government of India.

59 Management and Sustenance of Biodiversity Parks in Riverscapes

Riverscapes are dynamic systems and hence development management and
sustenance of river ecosystems require expertise, and continuous monitoring is a
necessity, It is also important o document the lessons learned from  the
establishment of Biodiversity Parks.

About 4 scientists, 3 supervisors and 20 MTS are essential for the development of
Biodiversity Parks in riverscapes. Atleast 6-9 security staffs are required. One
Administrative  Officer-cum-Accountant, one  Office  Attendant and  one
Documentation Officer are also needed.

An officer at the rank of Executive Engineer of Irrigation Department of the area or
Divisional Forest Officer of the concerned Forest Division of the State Forest
Deparbment or a Special Officer on duty of the Municipal Corporation of the
neighbouring town or urban centre should be the Incharge of the Biodiversity Park,
and he/she will be responsible for the development and management of
Biodiversity Parks. All the staff working in the Biodiversity Park will be reporting to
him /her. A Technical Advisory Committee may be constituted with locally
available experts (University/ College, BS1 and ZSI) for providing technical help
from time to ime during the development of Biodiversity Parks.

Since the rivers and drains are under the control of State Irrigation Department, the
management of Biodiversity Parks should be entrusted to state Drrigabon
department. Alternatively, the upland areas are mostly forest areas and belong to
State Forest Department which has fairly large resources, and hence the state forest
department jointly with Irrigation department should manage the Biodiversity
Parks.
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The State Pollution Control Boards (SPCBs) and CPCB should a ﬁ%ﬂlﬁ-d, ag
the Biodiversity Parks have role in improving the water qualitylanid also in situ.,
remediation of sewage that enters into rivers besides cleaning of river hﬂﬁ' qthl'ﬂqg,h
treatment wetlands. i

.1- ‘a

A management committee consisting of senior representatives n["'l_gahnn
Department (Chief Engineer), Forest Department (Conservator of Forest of the
concerned Division), Department of Fisheries (senior officer), Department of
Tourism (semor uH‘ir.Etj, Btate Polluton Contraol Board treginnal officer) and
representative from the Municipal Corporation/Village Panchayat should be
constituted to oversee the development of Biodiversity Parks.

The Chief Engineer of the Irrigation Department or Conservator of the concerned
Forest Division will be the Chairman of the committee and EE or DFO (Incharge of
Biodiversity Park) will be the member secretary of the Management Committee, The
committee should be empowered one and should lake all the decisions on the
development and management of Biodiversity Parks,

It may be noted that any institutional arrangement to manage the Biodiversity Parks
should involve local communities and the slakeholders in the rverscape and
landscape because community driver participatory management of Biodiversity
Park will link community livelihoods with the sustenance of the Park.

Periodical appraisal of developed Biodiversity Parks should be done to ascertain
their effectiveness. The management should also evelve a financal mechanism to
meet the annual O&M costs.

The Guidelines may be revised after a decade, by which time the limitations if any in
the present Guidelines is known.

53



20

60 YAMUNA BIODIVERSITY PARK AS EHWR" N
SUSTAINABILITY MODEL FOR REPLICATION IN' RWERECMEE

The concept of Biodiversity Park was successfully implemented for the ﬁ':-.st Hme in
the world by Delhi Development Authority (DDA) in joint collaboration with the
Centre for Environmental Management of Degraded Ecosystems (University of
Delhi). DDA has notified so far 7 Biodiversity Parks (the Yamuna, the Aravalli, the
MNeela Hauz, the Tilpath Valley, the Northern (Kamla nehru) Ridge, Tughalagabad
and South Delhi Bimiiw-_'rﬁih:f Parks, besides the recent order for setting up of
Riverfront Biodiversity Parks by DDA. Of these 7 Biodiversity Parks, the Yamuna
and Aravalli Biodiversity Parks are fully funcHonal and have become Nature
Reserves of Delhi. Both the Biodiversity Parks have become global models for
conservation of natural heritage and environmental sustainability, The Yamuna
Biodiversity Park model is an appropriate model for replication in the floodplains of
the rivers across India for rejuvenation of rivers.

6.1  Yamuna Biodiversity Park

The Yamuna H-EI'Jdi‘I."E“'!'."i!'l'j-" Park 15 located over an area of 437 acres mn the upstream aof
Wazirabad reservoir across Yamuna, and has inactive and active floodplains. The
Biodiversity Park includes wetlands, marshes, flat actve flood plains, salt bushlands,
and elevated inactive flood plains. These different landscapes are interconnected by
trails and support some 1200 species of plants that thrive in 30-35 communities and
have three trophic levels including secondary carnivore (Leopard). The visitor area
has several different landscape elements.

The Yamuna Biodiversity Park has two zones - the Nature Conservation Zone and
the Visitors Zone.

6.2  Nature Conservation Zone
The Nature Conservation zone has forest communities interspersed with wetlands

and grasslands on the elevated inactive floodplains which never receive floodwaters
due to marginal bund.

There are altogether 25-30 forest communities, some of which are given below:
(i) Mitragyna dominated community

(ii)  Termonalia chebula dominated community

(it}  Adina dominated commumnify

{iv)  Acacia catechu dominated community
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{v) Holopelia dominated community

(vi} Teak dominated community - &
{vit) Terminalia tomentoss dominated community “\.,ﬂ |
(viil) Acacia niletica dominated community

(ix})  Dalbergia sisse dominated community

(x) D lanceolata dominated community

(s}  Albiza dominated communiby

(xdi) A lebbeck dominated community

(xiii) Cordia dominated community

(xiv) Jamun dominabed commumty

{xv) Amla dominated community

{xvi) Grasslands (that include short, intermediate and tall grasslands)

(xvii) Mixed deciduous forest

(pvin) Wetland ecosystems (wetlands are fully functional and biologically rich and
attract 1000s of migratory birds during winter months).

These communities have diversified food web and three trophic levels. These
riverine forest communities provide a wide range of ecological services and harbour
rich wildlife,

These diversified river ecosystems have been: (a) buffering ambient temperature, (b)
prevenhng evaporation by keeping the air cool, (c) providing detritus (organic
matter) to the biota that live in the river water and purify the water more effectively
than RO plants, (d) preventing erosion/ gully formation on the floodplains, (e)
enhancing recharging potential of the floodplains, () serving as filter for both point
and non point source air pollution, (g) acting as shelter belt, (h) reducing the flood
water velocity that ensures protection of infrastructure and communities in the
downstream, and (i) harbouring rich wildlife having three trophic levels

The wetlands are alome storing flood water of several million gallons annually,
recharging ground water and even providing lateral fow to the river during lean
period, clean waste water if it enters into the river system through storm drains, The
wetlands are alse serving as habitat for a wide range of animal species that form a
rich trophic structure. These wetlands have been attracting 1000s migratory birds
during winter months (Figure 30 to 33)
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Figure 30: Wetland of Yamuna Biodiversity Park Phase-L

L

L 3
:
.

L L |
a ‘l‘r'.--;. .rp
""l.

Figure 31: Floodplain wetland of Yamuna Biodiversity Park Phase-IL



Figure 33: Floodplain wetland showing aquatic vegetation.
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6.3  Visitors Zone

The purpose of Visitor Zone in the Biodiversity Park is ¥ connect rivers to the
people by walk through different river ecosystems and make théem familiar with the
services rendered by biodiversity to the people and the city, A butterfly Garden
(Figure 34}, a herbal garden (Figure 35), representative river ecosystems (Figure 36),
a small ponds showing characteristic aquatic fauna and flora (Figure 37), threatened
plants conservatory, amphitheatre, a Nature Interpretation Centre, a field gene bank,
and a fruit yielding plant conservatory (Figure 40) and recreational park were
developed on the inactive flood plain. About 0.2 million students visit the visitors
zome every vear as a part of environmental education curriculum. Several 100s of
visitors from India and cubside India visit the Park every yvear. Many Judges from
different countries also visit the Park. A greenway with walkways and cycleway was
also developed.
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Figure 34: Butterfly Garden at Yamuna Biodiversity Park.



Figure 35: Herbal Garden at Yamuna Biodiversity Park.

Figure 36: Overview of river ecosystems at Yamuna Biodiversity Park.



Figure 37: Water lily pond at Yamuna Biodiversity Park Phase-1.



Srmall Indianm Civet

Indian Hare

Figure 39: Carnivores (4} and Herbivores (b) in Yamuna Biodiversity Park.
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Figure 40: Fruit yielding conservatory.

The model of Yamuna Biodiversity Mark can be replicated along the floodplains of
rivers in India. In some hilly areas and river valleys, the rivers may not have
extensive floodplains, and for such river stretches, the Biodiversity Parks can be
developed in the riparian zone, embankments and outside embankments and even
in catchments and watersheds located close to the rivers.



A * By
i "Q -
i e F Ai‘ 24 q‘;‘
i o .\ ﬁ--ﬁ.'liﬁ “:: ) 7
7.0 REFERNCES l\,;p ’*ﬁ ,
o
., \'l-\. l‘
Allen, J.R.L. 1965. A review of the origin and character of recent '&I.luﬂal seédiments.
Sedimentology, 5:89-191, ..-,;_,:_L_.__;: o

Ward, R. 19/8. Floods: A Geographical Perspective. Wiley, New York,

Nanson, G.C. & Croke, J.C. 1992, A genetic classificaton of floodplains.
Geomorphology. 4:459-4R6.

Gopal, B. 20007, River Ecolegy, Conservation and Restoration: A Theoretical
Framework. In Martin P, Gopal, B & Southey, C. (eds.)'s. Restoring River Yamuna:
Concepts, Strategies and Sociveconomic Considerations Part [ 11-43, National
Institute of Ecology, New Delhi.

Gopal, B. & Chauhan, M, 2013. The River Ecosystems and their Natural Flow
Regimes. In Gopal, B (ed)'s Environmental Flows: An Introduction for Water
Resource Managers, 11-66. National Institute of Ecology, New Delhi,

Gopal, B. 2013. Ecosystem Services of Rivers and their Relation to Flows, In Gopal, B
(ed)'s Environmental Flows: An Introduction for Water Resource Managers, 67-79
National Institute of Ecology, New Delhi.

Gopal, B. 2015, Introduction. In Gopal, B. (ed)'s Guidelines for Rapid Assessment of
Biodiversity and Ecosystem Services of Wetlands, Version 1.0, Asia-Padific Network
for Global Change Research (APN-GCR), Kobe, Japan and National Institate of
Ecology, 4-19.

GOL 2016. The river Ganga (Rejuvenation, Protection and Management) Authorities
Order, The Gazette of India: Extraordinary [Part II-SEC. 3{ii)].

sond, V., Shekhar, 5. & Jain, V. 2019. Need for a clear techno-legal definiion of blue
gold: the river floodplains in India. Current Sci: 117(12): 1958-1967,

b3



