Organic Material Soil Enrichment:
Providing hydraulic functionafity/zufor challenging sites

Conventmnr& Tré ue Show
February4 &5, 2011

Curt Kerns, M.S., P.Biol., C.F.S.

© 2011 WetlandsPacific C



X

Definitions

|sotropiavater movementall directions

Anisotropigvater movement = only in one direction
typically downwards

Soil amendment: The addition of organic material +
nutrients to promote plant growth

Soil enrichmenthe addition of organic materials high
In carbon but low in nutrients particularly nitrogen in
order to promote Isotropic water movement in Solls &
to remove nitrogen



Definitions

« Sollinfiltrationis governed by two forces: gravity and
capillary action. While smaller pores offer greater
resistance to gravity, very small pores pull water throt
capillary action in addition to and even against the for
of gravity.

Source: htip.//en.wikipedia.org/wiki/Infiltration _(hydrolog)

« Capillary pressure comes from surface tension, curva
and contact angle

Olrw "y Al S~ rrisewym |/
of ground water in almostaitirogeologenvironments

Source. http.//hydrology.rice.edu/envib18/Handouts/darcy.ppt#271,9, Col



Definitions
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. Saturated flow and unsaturated flow

. Steadgtate and transient flow

ow In aquifers aaquitards

ow in homogeneous and heterogeneous systems
OW In Isotropic or anisotropic media

ow In rocks and granular media

Source. http.//hydrology.rice.edu/envib18/Handouts/darcy.ppt#271,9, Col
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The origin of top solls are from rock that weathers into
dust plus humus which comes from decayed plants



Definitions

Caplillary action: In hydrology, capillary action describe
attraction of water molecules to soil particles. Capillary
action is responsible for moving groundwater from wet
areas of the soll to dry areas. Differencesnatsail
potential {7) drive capillary action in soill

Source: http.//en.wikipedia.org/wiki/Capillary _action#Phenomena_and physics of car

MatricPotential: A component of water potential due to
the adhesion of water moleculeendissolveddructures

of the system, I.e. the matrix, such as soil particles. It I
always negative and is significant only outside living ce
relatively dry systems, for example soils, where much
water Is tightly bound to soil particles

Sourced Dictionary of Biolo@p04. Encyclopedia.com. 21 Jan. 2011 , htto.//www.encyclopec




Pollution %

Wastewater treatment follows
an exponential decay function
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Time, Energy, Capital Cost

1. 58% reduction. Source: Bounds, TR, 1997, Design and Performance of Septic Tanks: Site Characterization and Design of Onsite Septic Systems,

ASTM STPS01.M.5, Bedinger, A.l., Johnson and J.S. Fleming, Eds., American Society of Testing Materials,
2. 96% reduction. Source: NSF International. Report on Evaluation of Nayadic Inc. Model M-6A 90/060/700/2472/447- under the provisions of
NSF Standard 40 on Individual Aerobic Wastewater Treatment Plants.
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Direction of Water Movement In Soll
IS Determined by Interstitial Pore Sizes

Large Pore Space Small Pore Space
Gravitational Pull Capillary Action
Sandy Soil Clayey Soil
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1 Figure 7. Comparative movement of water in sandy and clayey soils

Source: Managing $dth Texture, Structure and Pore SpaceGavlen/Notg€1 X olorado State University



Case 1. Heavy Clay Solls
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Dec 2003: During construction, local EHO required use of a sandy material c
not advisable!



Case 1. Heavy Clay Solls
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Jan 2004: Roof drain was found to be attached to septic tank




Case 1. Heavy Clay Soils
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Jan 2004: Over 2,00d0ay flowing into system designed for %@ ig
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Disconnected roof drain, & added more sand

Jan 2004




Case 1. Heavy Clay Solls
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July 2004V TFfunctioned as designed until July when effluent began sur
Added sand has high clay content as soil shrinkage demonstrate:



Case 1. Heavy Clay Solls
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July 2004: Solution? As agriculturalists have known for 10,0éddyeayanic materic



Case 1. Heavy Clay Solls
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Case 2. Heavy Marine Clay Solls
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Aug 2003: Existing 5 bedroom home with failed field




Case 2. Heavy Marine Clay Soills

Sept 2003V T7TFinstallation complete, EHO required same sandy material as ir
Note clay soils beyond added sandy material



Case 2. Heavy Marine Clay Soills

July 2004 VTFfunctioned properly until soil drled sandy material became v
hard causing surfacing of effluent. Solution, add organic material



Case 2. Heavy Marine Clay Soills
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Sept 2004: After organic enrichment, effluent no longer surfacing, surrounding
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Case 2. Value of Biological Systems
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June 2005VTFafter two years, cattails are now 4.5 m x 4.5 m (15 ft x 15 ft), a 56¢
In size with concomitant increase in rhizosphere, the most biologically active




Case 2. Heavy Marine Clay Soills
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Oct 2007:VTFnow 7 m x 7 m (24 ft x 24 ft) a 400% increase in size after 4 sum
growth
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Case 2. Heavy Marine Clay Soills
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Sept 2009 VTF constructed wetland IS now about 9m x 9 m (30 ft X 30 ft) over 6
larger than original area. Cattails are turning what was clay soil into biologically



Case 2. Heavy Marine Clay Soills
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Aug 2010: Seven years Hiféfinstallation, surface areais 12 m x 12 m (40 ft x £
over 1imes its original size no longer requiring secondary treatment



Case 3. Shallow, Expanding Clay Soils




Case 3. Shallow, Expanding Clay Soils
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May 2004: Interceptor drains being installed



Case 3. Shallow, Expanding Clay Soils

Oct 2004: Five months after construction




Case 3. Shallow, Expanding Clay Soils

Oct 2006: Two years after construction



Case 4. Onsite System Built on a Logging Roe
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June 2006: Prior K& Fconstruction. Property is 1400+ ft long x 66 ft wide
House about 33.5 m (110 ft) distant. Property was a logging road for 80 y



Case 4. Onsite System Built on a Logging Roz¢
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Sept 2006: Test pit showing two layers of introduced gravel over a silty c
weathered, sedimentary rock of increasing density with depth




Case 4. Onsite System Built on a Logging Roz¢




Case 4. Onsite System Built on a Logging Ro

June 2007: Gravel scraped off prior to adding organic materials



Case 4. Onsite System Built on a Logging RO:
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Oct 2007: After 15CG wdided orgamcsW’Fﬂnlshed



Case 5. Topsoil Removed by Successive Own




Case 5. Topsoil Removed by Successive Own

Dec 2009: Prior to construction, drainage feature goes through area
Not a particularly encouraging location for onsite




