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Basic Watershed Hydrology & Components

Key Watershed Components:
e Mountains & Headwaters — precipitation collection zones
e Tributaries & Streams — convey water to main channels
e Rivers & Floodplains — primary drainage corridors
e Lowland Lakes & Reservoirs — water storage and regulation
e Riparian Zones — critical land-water transition areas
e Wetlands — natural filtration, flood control, biodiversity = .
e Estuaries & Coastal Areas — where freshwater meets sea ek s i,,w g A
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Ukrainian Context:

e Major basins: Dnipro, Dnister, Danube, Southern Bug

e Carpathian headwaters feed major European rivers

Prut River, Carpathian Mountains, Ukraine

e Agricultural plains depend on riparian water quality



The Hydrological Cycle in Watersheds

Water Movement Processes:

e Precipitation — rain, snow, fog drip on mountain slopes

e Surface Runoff — overland flow to streams and rivers

-

e |nfiltration — water seeping into soil & groundwater recharge

e Groundwater Flow — subsurface movement to streams and wells Desn River NorthernUkraine

e Evapotranspiration — water returned to atmosphere by plants
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e Regulate flow timing, reduce flood intensity
e Support up to 70% of watershed biodiversity
e Buffer agricultural and urban pollutant inputs

Ground water flow



Streamside Zone Functions

Critical Ecological Services of Riparian Buffers



Functions Within Streamside Zones

v~ Nutrient Input

Leaf litter and organic matter enter
streams,

forming the base of aquatic food
webs.

Riparian vegetation cycles nutrients
between land and water systemes.

_* Bank Stabilisation

Root systems stabilise stream banks,
reducing erosion by up to 80%. Most
bank stability comes from trees within
10 m of the water's edge.

Sources: USDA Conservation Buffers (Bentrup 2008); Jefferson County Riparian Buffers Explained

Shading & Temperature

Canopy cover regulates stream water
temperature, critical for fish survival.
Effective shade occurs within 10-20 m
of the stream bank.

£ Overland Runoff Control

Vegetation slows surface runoff,
allowing

infiltration into soil. Buffers reduce
runoff velocity by 50-90%, preventing
erosion and downstream flooding.

& Woody Debris Input

Fallen trees create habitat complexity,
pools, and sediment traps in streams.
70% of large woody debris originates

within 15 m of the stream channel.

Pollutant Filtering

Buffers remove 50—-85% of nitrogen,
25-90% of phosphorus, and up to
97%

of sediment from agricultural and
urban runoff before reaching streams.



% of Function Provided

Ecosystem Functions by Distance from Stream

Based on FEMAT Report (1993) — Northwest Forest Plan
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Key Findings:
e Bank stability: 95% within 5 m
e Shade: 90% effectiveness within 10 m
e Litterfall: 85% within first 15 m
e Sediment control: extends to 35+ m
e LWD recruitment: 70% within 15 m

Critical Implication:
e A minimum 30 m buffer captures

most ecological functions

Note:

e All distances converted to metres
from original US data in feet



Riparian Zone Cross-Section
Three-Zone Buffer Model

ZONE 3: Outer ZONE 2: Middle ZONE 1: STREAM
Buffer Streamside CHANNEL
20—35+ m from 10-20 m from 0-10 m from
bank bank

Managed forest
: Sediment filtration
Grass/shrubfilter = N trient uptake Undisturbed forest

Runoff reduction = \vildlife corridor Bank stabilisation
Pollutant capture Shade &
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Buffer Requirements by Water Body Type

Recommended : : : :
Water Body Type Buffer Width Primary Functions Key Considerations

: : : Bank stability, flood control, Wider on meander bends;
> —
LTS EE U S S B CEE N LWD recruitment, sediment capture account for floodplain dynamics
Medium Streams (5-30 m 30-50 m each side Shade, temperature control, Site class and tree height
wide) nutrient filtering, habitat determine effective width
: : Full , bank E buff
Small Creeks (<5 m wide) 15—-30 m each side ) anopy coyer an : ven-narr.ow. .u =
stability, organic matter input provide significant shade
: Hydrological connection, Include upland transition;
e 30-50 m perimeter habitat continuity, filtration maintain natural hydrology
Lakes & Reservoirs OS50 (7 e Shoreline sta.blllty, ngtrlent Account .for wave action;
capture, habitat corridor protect littoral zone
Coastal Areas 100-2,000 m+ Storm surge protection, Ukraine law: 2 km minimum

salt marsh preservation for sea coasts & estuaries



Buffer Width Comparison Across Water Body Types

All measurements in metres

Small Creeks

Wetlands

Medium Streams

Lakes/Reservoirs

Large Rivers

Coastal Areas

500

1000 1500
Meters

2000

2500

® Maximum (m)
® Minimum (m)

Width Determining Factors:

e Slope steepness (>3° = doubled in
Ukraine)

e Soil permeability and texture

e Land use intensity (urban/agriculture)
e Target pollutant type

e Vegetation type and maturity

e Stream order and flow volume

Design Principles:
e Steeper slopes require wider buffers

e Lower infiltration soils need wider
buffers

e Urban areas: flow length <23 m
iImpervious

e Buffers should follow contour lines



Regulatory Comparison
US (Washington State) vs. Ukraine Riparian Regulations



US Regulations: WA DNR Forest Practices

Riparian Management Zones (RMZ)

Stream Type Core Zone (No Inner Zone (Managed) Total Buffer Width
Harvest)

Type S & F (Fish-bearing)

1 -2 11— 27-61 -2

Western Washington 5 m (50 ft) 3-26 m (11-84 ft) 7—-61 m (90-200 ft)
Type S&F (Fish-bearing) ¢ (55 ) 14-31 m (45-100 ft) 23-40 m (75-130 ft)
Eastern Washington

& . . o
Type Np (Non-fish Equipment limit 9 m 15 m buffer on 50%+ 15-23 m (50-75 ft)
perennial) (30 ft) of stream length
Type Ns (Seasonal) :E;(;J:crs)ment imit3 m Varies by site conditions 9—-15 m (30-50 ft)
sensitive Sites 17 m radius (56 ft) N/A 17 m radius (56 ft)

(seeps, springs, junctions)

Source: WA DNR Forest Practices Rules (WAC 222); WA Forest Protection Association. Buffer widths based on site-class, stream width, and habitat type. Core zones are no-harvest areas to protect
critical bank, shade, and LWD functions. All feet values converted to metres.



US Regulations: WA Dept of Ecology

Shoreline Management Act (SMA)

Shoreline Management Act Scope:

e Applies to rivers with mean annual flow >0.57 m?3/s (20 cfs)

e Jurisdiction extends 61 m (200 ft) landward from water's edge
e |ncludes biological wetlands and river deltas

e 100-year floodplain included where applicable

Buffer Requirements:
e Set by local Shoreline Master Programs (SMPs)

e Must achieve “no net loss” of ecological functions

e Historical 8—11 m setbacks now deemed scientifically River Ingulets, Southern Ukraine
insufficient

e Modern SMPs require wider, science-based buffers
e Shorelines of Statewide Significance receive highest protection

Key Principle:
e Environmental protection, public access, and preferred uses must be
balanced with science-based ecological standards



Ukraine Riparian Protection Regulations

Coastal Protection Zones — Water Code of Ukraine

Prohibited in Coastal Protection Zones:

Water Body Type Buffer Width “ e Ploughing of land (except for grass/afforestation

Minimum width prep)
e Storage and use of pesticides and fertilisers

Small rivers, streams,

ds <3 hect 25 metres from
ponas eclares water's edge e Establishment of summer camps for livestock
Medium rivers, e Construction (except hydraulic/navigational
reservoirs, ponds >3 50 metres From water's edge structures)
ha e Landfills, manure pits, waste storage facilities
Large rivers, e Vehicle washing and servicin
° . 100 metres From water's edge . 5 _ 5
lakes, large reservoirs e Burning of dry vegetation
h 2,000 metres | . ' ] o
Sea coasts, bays, (2 km Coastal protection Permitted Activities:
estuaries . stri : : : L .
minimum) P e Reconstruction/major repair of existing facilities
All types where DOUBLED e.g. 50 m e Operation of existing facilities with proper access
slope >3° width becomes 100 m e Hydraulic engineering and navigational structures

e Engineering and technical structures, fortifications



Regulatory Comparison: US (Washington State) vs. Ukraine

Small Streams WA DNR: 15-23 m (Np streams) Core no-harvest zone: 9 m 25 m for small rivers, streams, brooks, and ponds <3 ha
& Creeks Equipment exclusion zones required No ploughing or pesticide use
WA DNR: 23—-40 m (Eastern WA); 27—-61 m (Western WA) 50 m for medium rivers, reservoirs, and ponds >3 ha

Medium Rivers - . .
Core: 9—15 m no-harvest zone Prohibited: construction, livestock

100 m for large rivers and lake, Extensive prohibited
activities list
Doubled width on steep slopes

WA SMA: 61 m jurisdiction; + science-based buffer widths

Large Rivers Shorelines of Statewide Significance

SMA applies to marine shorelines; Local SMPs set specific
Coastal / Marine buffers
Includes adjacent shorelands

2,000 m (2 km) minimum for sea coasts, bays, estuaries
Strictest protection category

Steep Slopes Unstable slopes: additional protection rules apply under Buffer width DOUBLED when slope gradient >3

WAC 222 forest practices Applies to all water body types
. : : : No ploughing, pesticides, livestock,
Prohibited Timber harvest restricted in core zones; managed harvest . .
L o . : construction, landfills, waste storage,
Activities in inner; standard practices in outer zones , U _ ,
vehicle servicing, vegetation burning
: : Water Code of Ukrai
Enforcement WA DNR (forest practices) WA Ecology (shorelines) Mznei; zl aenc; o rij)lr:]ael oversioht
& Authority Local Shoreline Master Programs P 5 &

Central environmental authority



Wellhead & Aquifer Protection

Riparian Zones in Agriculture, Urban, and Forestry Contexts




Wellhead Protection Areas (WHPA)

What is Wellhead Protection?
e Designated area around a public water supply well

e Prevents contamination of groundwater source
e Based on contributing area and travel time

e Critical for community drinking water safety

Protection Zones (typical):
e Zone |: 0-30 m — Immediate wellhead area (strictest controls)
e Zone lI: 30-200 m — Primary protection zone (limited land use)

e Zone |ll: 200-1,000 m — Secondary protection (managed
activities)

e Zone |V: Entire contributing aquifer area (monitoring required)

Key Protection Measures:
e No pesticides or fertilisers in Zones |-ll
e Stormwater management required in Zones Il
e Land use restrictions and ongoing monitoring

e Regular water quality testing programme

Zone IV
Aquifer

Zone lll
200-1000 m

Groundwater Quality
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Aquifer Protection Strategies

Groundwater Protection Measures:

Source Water Assessment:
e Delineate contributing aquifer boundaries
e |dentify potential contamination sources

e Assess vulnerability based on soil and geology

Protection Strategies:
e Zoned land use restrictions near public wells
e Riparian buffers to protect groundwater recharge areas
e Agricultural best management practices (BMPs)

e Stormwater treatment before allowing infiltration

Monitoring Requirements:
e Regular groundwater quality sampling
e Nitrate, pesticide, and pathogen testing
e Water level monitoring for sustainability

e Early warning systems for contamination events

Riparian-Aquifer Connection:
.
e Riparian zones often overlie shallow aquifers
e Buffer vegetation promotes groundwater recharge
e Denitrification in riparian soils removes nitrates

e Organic-rich, wet soils are most effective for nitrogen
removal

o
Pollutant Removal Effectiveness:
e Nitrate reduction: significant within 9-30 m of buffer entry
e Phosphorus: trapped and accumulated in buffer soil matrix
e Pathogens: reduced through soil filtration and die-off
o
Ukraine Context:

e Water Code requires 25—-100 m buffer zones on all water
bodies

e Public water supply sources need additional protection zones
e Slope >3° triggers doubled buffer width requirements
e Critical for agricultural regions of central and southern

LIl rainao



Various Settings for Buffers

Riparian Zones in Agriculture, Urban, and Forestry Contexts
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Riparian Zones in Agricultural Settings

Agricultural Buffer Design — Three-Zone Approach:

Zone 1 - Streamside (0—-10 m):

e Native trees and shrubs — no farming activities

e Provides shade, bank stability, organic matter input to stream

Zone 2 — Middle Buffer (10-20 m):
e Managed shrubs and perennial grasses
e Primary sediment and nutrient filtration zone

Zone 3 — Outer Filter Strip (20-35 m):
e Dense grass strip — can be hayed annually for economic return
e Slows surface runoff, traps coarse sediment particles

Pollutant Removal Effectiveness:
e Nitrogen: 50-85% removal in a 30 m buffer
e Phosphorus: 25-90% removal depending on soil type
e Sediment: up to 97% with proper vegetation establishment




Riparian Zones in Urban Settings

Urban Buffer Challenges:
e High impervious surface cover (>20%)
e Concentrated stormwater flows from roads and buildings
e Space constraints limit buffer width in developed areas
e |Legacy development encroaching on riparian zones

Urban Buffer Design Recommendations:
e Flow length into buffer: <23 m (75 ft) for impervious surfaces
e Flow length into buffer: <46 m (150 ft) for pervious surfaces
e Install level spreaders to distribute concentrated flow
e Complement with rain gardens and bioswales (BMPs)

Urban Aquifer Protection:
e Stormwater infiltration facilities with pre-treatment required
e Restrict hazardous materials storage in wellhead zones
e Enforce impervious surface limits near water supply wells

Dnipro River at Kyiv, Ukraine



Riparian Zones in Forestry Settings

WA DNR Three-Zone Model:
e Core Zone: 9-15 m no-harvest (protects bank, shade, LWD)
e Inner Zone: 3—26 m managed thinning allowed
e Quter Zone: standard forest management practices

FEMAT Recommendations:
e Buffer width = site potential tree height at 100 years
e Typically 30—45 m for mature conifer forests
e Minimum 30 m for all fish-bearing streams

Key Forestry Riparian Functions:
e LWD recruitment: creates stream habitat complexity
e Shade: maintains critical water temperature limits
e Root strength: bank stability on steep terrain
e Sediment interception: buffers logging road runoff

Harvesting Guidelines Near Streams:
e Equipment exclusion zones: 9 m minimum from water
e Selective harvest in inner zone for ecological restoration

e Goal: accelerate development of old-growth structure

FOREST HARVEST AREA

Standard harvest practices

OUTER
ZONE

INNER CORE STREAM
ZONE ZONE

Standard Selective No harvest

forest thinning 9-15m Channel
management only

C sequestration

Biomass &

bioproduct

harvest
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Riparian Zones in Forestry Settings

Option One f Option Two

Commercial Thinning Leave Trees Closest to Water
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Restoration & Engagement

Ecosystem Recovery, Community Programs, and Citizen Monitoring



Ecosystem Restoration & Enhancement

: : Timeline for Recovery:
Passive Restoration:

. L . . e Year 1-3: Grass and ground cover established
e Exclude livestock from riparian zones with fencing

: . e Year 3-5: Shrub layer develops, bank stability improves
e Allow natural vegetation recovery and succession

, , . . e Year 5-15: Tree canopy forms, shade functions restored
e Remove invasive species to favour native plants

e Year 15-30: Full structural complexity developin
e Re-establish natural hydrology and flow patterns P Y pINg

e Year 30-50+: Mature riparian forest functions achieved

. ] Success Metrics:
Active Restoration:

, e Water temperature reduction (target: <18°C for salmonids)
e Plant native trees, shrubs, and grasses

: : I e Bank erosion rate decrease (>50% within 5 years)
e Install bioengineered bank stabilisation structures

, e Macroinvertebrate diversity indices improvement
e Add large woody debris to degraded streams Y P

. ) e Fish population recovery in restored reaches
e Reconnect floodplains and side channels POp Y

e Sediment load reduction measured at gauging stations

Enhancement Programs:

L o Ukrainian Priorities:
e Riparian forest thinning for old-growth structure

L e Post-conflict waterway rehabilitation
e Buffer widening on degraded or narrow streams

. , . e Agricultural buffer establishment programmes
e Wetland creation and restoration projects

: : . e Community water supply protection zone restoration
e Fish passage barrier removal and remediation y PRIY P



Community & Industry Awareness Programs

Community Education Industry Engagement
e \Watershed awareness workshops e Agricultural BMP training
* School education programmes e Forestry operator certification
* Public signage at riparian areas e Industrial discharge compliance
e Demonstration restoration sites e Voluntary buffer programmes
* Water quality education campaigns e Cost-share incentive programmes
Government Coordination Scientific Partnerships
e Cross-agency riparian planning e University research collaboration
e Regulatory enforcement capacity e Long-term monitoring programmes
e Land use planning integration e Adaptive management frameworks
e [nternational best practice exchange e Technology transfer workshops

e Grant funding for restoration e Data sharing platforms



Citizen-Based Monitoring for Resource Engagement

Implementation Steps:
Why Citizen Science Matters:

e Extends monitoring coverage beyond government agency 1. Programme Design:
capacity e Define monitoring objectives and parameters

* Builds community ownership of water resources e Select monitoring sites based on priority areas

e Provides early warning system for pollution events

e Creates robust data for policy advocacy and enforcement 2. Volunteer Recruitment & Training:

e Engages youth in environmental stewardship e Sampling protocols and QA/QC procedures

e Equipment use, maintenance, and calibration

Monitoring Parameters: e Data recording standards and reporting templates

e Water temperature (digital data loggers)

e Turbidity and visual clarity (Secchi disc or tube) 3. Data Management:

* pHand dissolved oxygen (field kits) e Centralised database with quality review process

e Macroinvertebrate surveys (biotic indices) e Regular data validation and cleaning

* Riparian vegetation condition assessment e Public access portal for community transparency

e Photo-point monitoring at permanent stations
e Bank erosion measurement and tracking 4. Action Connection:

e Link monitoring data directly to restoration priorities
e Report findings to decision-makers and agencies

e Celebrate and recognise volunteer contributions



Key Takeaways & Resources

Key Takeaways:

e Riparian buffers are essential for protecting water quality,
aquatic habitat, and community health

e Buffer widths of 25-100 m capture most critical ecological
functions

e Ukraine regulations (25—-100 m plus 2 km coastal) align well
with international science

e Both US and Ukrainian frameworks recognise the necessity of
riparian protection

e Active restoration accelerates ecosystem recovery — results
visible within 3-5 years

e Community engagement and citizen monitoring ensure long-
term success

e Integration of agriculture, forestry, and urban planning is
essential for watershed health

Key Resources:

e USDA Conservation Buffers Design Guidelines (Bentrup 2008)
e FEMAT Report (1993) — Northwest Forest Plan

e WA DNR Forest Practices lllustrated (dnr.wa.gov)

e WA Dept of Ecology — Shoreline Management Act

e \Water Code of Ukraine — Coastal Protection Zones

e Jefferson County — Riparian Buffers Explained

e USDA National Agroforestry Center — Conservation Buffers

Module 10 — Safeguarding Source Waters: Critical Protective Measures for Agricultural Productivity and Community Resilience

Larry Dominguez, MES | EcoAssets Environmental International | www.ecoassets.us




Thank you for your
cooperation!

Larry Dominguez, LD50 @msn.com
EI%HEI WhatsApp 360-915-4194
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