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Floodplain Reconnection and Restoration

* Purpose

* To establish a connection between NATURAL
stream channel and the surrounding
terrestrial environment

* Why we’re using it
* Manage stream loss from longwall
mining

* Mitigation for mining & oil and gas:
* Increased water storage
* Increased nutrient storage
* Increased resilience to flooding
e Reduced erosion Cooper, Hiscock, & Lovett, 2019

Connected
floodplain

Meander

Floodplain sediments

Historically, streams in this area
behaved this way.
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Stream Order

Ecosystem Concepts

FPOM is fine particulate organic matter; CPOM is coarse particulate organic matter; P/R is the production/respiration

‘J-.g ' Devils Club Creek

width
in feet -
microbes
12 o
F
Producers
&6 (mosses)
o Mack Creek
12-25 Producers g
@1 (periphyton)
30 W
Producers
(periphyton) Lookout Creek

Invertebrate
Functional
Groups
l:] Collectors
- Grazers
[ Shredders
I Predators

McKenzie River

flood-tolerant trees

tarrestrial
shibs

annual
berrastrial

Oresses

Magimu m predueti
of aquatic
vegetation

decomposition of
terrestrial and of der
aruatic vegetation

ingut of nutrients, sepended
solids; nutrierts from newly
flooded soil

mazimum biomass
of aquatic vegatation

| e
dissnived ceynen

consalidation of

ruriff of 1 ]
nuiriznts el e
g mioist soil plant
resulting from SErmination
decomposition decomposition

of stranded
aguatic wegetation,
mineralization of
nutrients

regrowth of
terrestrial
gresses and shru

rurcff and

concentration _—

of nuirients consalidation

resuilting from of sadimen ts decomposition of nost
decompcsition remaining vegetation

aruatic/ter restrial trarsition aone
(Pl palain)

cai |
SR

Mostrives-
spaswning fish
start to

Lake and river
SN MINCT
yourg-of-the-
year and
predators follow
mowing litoral;
fishamd
irvertebrate
production high.

Young and adult
fish disperse and
faed, dissalved
oEygeEn (D0)
peErmitting.

Marwy fish
respand to
drenydawn by
finding deeper
waler

Fishi migrate to
main channe,
permanent lakes
or tributaries



Excess sediment can cause:
turbid water, habitat destruction,
lower biodiversity

Sed | me nt Sediment can harbor excess
Dyna m iCS nutrients

Velocity and volume of water
moves sediment at different
rates



Nutrient
Cycling

Nutrients are vital for ecosystem health, but
too much or too little can be harmful to
biodiversity

Many different biotic and hydrologic factors
control rates of nutrient retention, removal,
and release

McMillan and Noe note that nutrient
processing rates were primarily controlled by
physical channel features

Simplified channel structure does not lead to
a connected system like varied, natural
streams do



Objectives

Characterize impact of the floodplain reconnection method in longwall
mined watersheds by comparing the following characteristics of
restored and unrestored sites

Water storage

Sediment retention and export

N and P retention and export in the sediment and surface water
Carbon accumulation and retention



Methods

* Flow and Water Level

 Water and Sediment Chemistry
* Nutrients
e (Carbon
* Pore Water

* Carbon Inputs
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Study Sites

Primary headwaters Headwaters Wadeable



Flow and Water
Storage

 Channel flow
with flume,
SonTek, or
pygmy meter

Salt tracing to
measure
transient flow
with YSI meter
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Meteorological Data

* Waynesburg, PA Weather Station
* Rainfall Data
 Calculated Antecedent Precipitation Index



Water & Sediment
Chemistry

* Grab water samples
taken seasonally 2020 -
2024

* Field parameters

* Biweekly ater TOC
summer & fall 2022

e Sediment samples
gathered with a trowel
seasonally 2020 - 2024

*C,N,P
* Grain size



Pore Water

e Measured dissolved N and P
concentrations in upper layer

* Micro-rhizon samplers
collected water from upper
soil layer

* Soil temp, pH, DO, ORP,
conductivity, moisture content
determined by Orion meter




Carbon Inputs and Stores

Large Woody Debris index following
U.S. Forest Service methodologies

Leaf Litter Input

Soil Carbon by Loss on Ignition
Method




Results

Rainfall, Flow, Water Storage

Nutrients in Water, Pore Water, and Sediment

Carbon Input and Storage
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Water Storage:

Headwaters Streams

Beham Water Depth by API
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Unit 4D Water Depth by API
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Sediment Dynamics

* More fine-grained sediment in restored sites

Sediment Grain Size Distribution at Unrestored Sediment Grain Size Distribution at Restored
Streams Streams

mAvV. % >2mm mAv. % 425 um -2 mm ®mAv. % <425 um mAv. % >2mm m Av. % 425 um - 2 mm mAv. % <425 um



Total N (mg/kg)

Nutrients

Sediment Total Nitrogen Concentration By Restoration Status
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* Sediment
* More N and P in restored sites
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Greater Cin larger restored

Sediment Carbon i
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Sed | m e nt N |troge ﬂ Greater N in restored sites

Sediment TKN (mg/kg)
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SEdlment PhOSphOrUS Greater P in restored sites
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Nutrient export (kg/d) per sqmi
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Nutrient Flux

Variable with flow and season, not restoration status

Nutrient export (kg/d) per sqmi

Nutrient export (kg/d) per sgmi

60

50

40

30

20

10

2500

2000

1500

1000

500

0

Fall Base Flow

Lebanik MolinariMolinari McCully Beham McNay Dunkard
Trib

Spring High Flow

Lebanik Molinari Molinari McCully Beham Unit4D  Kent
Trib



Nutrients in Water:

Few differences between restoration or size
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Floodplain Nutrient Interactions: PW and SW
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Total Organic Carbon - Water
Summer and Fall 2022
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Large Woody Debris Index

No statistical relationship
between large woody
debris and TOC or
Restoration Status
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Leaf Litter Input

No statistical relationship
between leaf litter input
and TOC or Restoration
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Soil Organic Matter

No statistical relationship E @ !
between soil organic -
matter and TOC. g o o
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Conclusions

e Slightly increased in e Higher proportion of e Sediment: Richer in N
restored sites fine-grained and P in restored
sediment at restored sites
sites e Surface water N&P
e DS TSS load was seasonal or flow
driven by flow dependent

e P storage in wetlands
(pore water)



Conclusions

Total organic s U Soil organic
carbon matter

e Dependent upon e Not significantly e Greater in
season (greater different restored sites
in the growing between than unrestored
season), not restoration
restoration status

status
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