
Site Evaluation and Onsite System Design 
Strategies for Severe Sites/Large Flows 1

Site Evaluation and Onsite 
System Design Strategies 
for Severe Sites/Large 
Flows
– Tom W. Ashton R.E.H.S, CPSS

**Evaluate / Review Conventional 
Loading Rates / Boundary Design

**Design Approaches to Severe 
Sites, At-Grades / Modified Mounds

**Large Flow Design Considerations
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•With numerous Pretreatment and Dispersal Methodologies, 
separation to limitation and infiltrative surface installation 
depths maybe be reduced.  Loading Rates maybe increased.

• Soils utilized go from Well Drained to Moderately Well 
Drained even Somewhat Poorly Drained

HYDROLOGY OF INDIVIDUAL SEPTIC SYSTEMS
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HYDROLOGY OF A LARGE SEPTIC SYSTEM

N

90

80

70

60

50

40

30

Creek

subfield subfield
Repair
Area

subfield

subfield

subfield

subfield

subfield

2 acres, 0.2 gal/(ft2 d) = 114 in rain/yr  or 8700 GPD 100% RESERVE

1
0
0

LARGE FLOW SYSTEMS

Require extensive site characterization
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Mass Loadings
Hydraulic
*Daily

*Instantaneous

*Contour
On-Site Wastewater 
Treatment Systems Manual

Chapter 5 Treatment 
Processes and Systems

(U.S. Environmental 
Protection Agency. 

EPA/625/R-00/008 
Washington, D.C.:  2002) 

Adsorption Area Sizing

Back
Fill

Water

Surface
INFILTRATION SURFACE

**  Where wastewater first contacts the soil.
**  Traditionally (only) regulatory prescriptive
loading.
**  Physical, chemical, and biological filter
(biomat) providing majority of treatment.
**  Free water changes from saturated flow to
water under tension (unsaturated flow) due to
clogging layer (biomat).

Wastewater needs to enter the soil and 
readily move from point of application
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On-Site Wastewater Treatment Systems Manual

Chapter 4 Treatment Processes and Systems

(U.S. Environmental Protection Agency. 

EPA/625/R-00/008 Washington, D.C.:  2002) 

Boundary 
Design

Wastewater Rates over Time

Initial Ks
(clean 
water)

Wastewater Infiltration Rate

1 year 2 years 3 years 4 years

in/day in/day in/day in/day in/day

453 4.3 2.0 0.8 0.3

22 1.6 0.8 0.5 0.3

7.9 0.8 0.6 0.4 0.3

1.5 0.7 0.4 0.4 0.3
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1 In. per Hour= 24” of water / day.

24” X .6233 gal./in. = 14.9 g/ft2/day.

. 461 gal./ft2/day 

_____________  =    .031 or   3.1% 

14.9 gal./ft2/day 

Trench bottom loading rate is

3.1% of saturated rate.   

Infiltrative surfaces are loaded 
at a small percentage of 
saturated flow (tested or 
estimated)

7.48 Gal per Ft3 of Water / 12” = .6233 Gal. per inch

Trench Bottom Loading Rates
EPA 2002

Secondary Effluent
2 / 3 

Reduction

1 / 3 
Reduction

1 / 3 
Reduction
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Hydraulic Loading for Soil Absorption Systems based on Wastewater Quality
Ayres Associates
Robert Siegrist
ASAE 1987

Trench Spacing & Area
(footprint) 

Back
Fill

Water

SurfaceSurface

6’

.6 g/ft2/D 3’ Wide

9’ or .2 g/ft2/D

Assume 3’ trench, with 9’ center
Trenches installed on centers 3X width
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Divide by 3 to get the area or “foot print”
loading rate

EPA Loading 
Rates

“TYLER” Chart

AREA (Footprint) LOADING

“Footprint”
Loading 

rate is the 
total 

absorption 
area
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Low Gal./Ft2/Day Area Inches 
Soil Texture Pressure Trench FootPrint Per 

Group MPI Distribution Bottom Gal./Ft2/Day W eeK
LPD

I SD, LSd 5 110 0.909 0.303 3.40
II A SdL 30 164 0.610 0.203 2.28
II B L, SdCL 45 185 0.541 0.180 2.02
III A SiL, CL 70 240 0.417 0.139 1.56
III B CL, S iCl 90 284 0.352 0.117 1.32
IV SdC, S iC, C 120 456 0.219 0.073 0.82

Ft2 per Gal./Ft2/DayGal./Ft2/Day
100 Gal. Trench Trench / 3
Trench

Gal. per Ft2 per day X 7 = Gal. per Ft2 per Week

Gal. per Ft2 per Week / .6233 Gal. per inch Ft3 H20
7.48 Gal per Ft3 of Water / 12” = .6233 Gal. per inch

Loading Rate Chart  Gallons per Ft2 per Day
600 Gallons per Day

.065 Gal/ Ft2 per Day

4616 Ft2 area

Weak Structured Fine 
Loams

Moderate to Strong 
structured Clays 

.73” per WEEK !!
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AREA (Footprint) LOADING

SECONDARY INFILTRATION
SURFACES

**  Beneath the infiltration
surface layer.
**  Effluent behaves as water.  
**  Vadose Zone, small pores
filled, large pores open.
Reaeration.  Additional treatment.
**  Additional boundaries due to
texture, structure, consistence,
restrictions etc. Effecting vertical
flow.
** Unsaturated flow within
renovative thickness (stand off).

On-Site Wastewater Treatment Systems Manual

Chapter 4 Treatment Processes and Systems

(U.S. Environmental Protection Agency. 

EPA/625/R-00/008 Washington, D.C.:  2002)
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Mass Loadings
Hydraulic
*Daily

*Instantaneous

*Contour

Two ways to Achieve Good 
Treatment

1 Provide light, uniform dosing of the soil
• water infiltrates
• air follows or is there
• adsorbed water has access to air

PRESSURE DOSING and DRIP DISPERSAL
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2 Limit Flow Rate Into Soil
• Forces unsaturated flow
• Air always in soil pores

CLOGGING MAT DOES THIS

• Pressure and soil suction moves water through 
the mat at a slow rate

– The “long term acceptance rate”

Good Treatment cont.

Advantages of Shallow Systems

Most biologically active soil
More sorptive sites encountered
Better aeration
More permeable - in finer textured soils 
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Treatment Effects of Shallow 
Systems

More antagonistic to pathogens
Nitrification
Increased P-Removal
More organism trapping
More flexibility in application rates

TYPES  OF SOIL  WATERTYPES  OF SOIL  WATER
MOVEMENTMOVEMENT

UNSATURATED  FLOWUNSATURATED  FLOW
rate decreases as moisture content decreasesrate decreases as moisture content decreases
and matric potential (difference in suction and matric potential (difference in suction 
between wet soil areas and dry soil areas)between wet soil areas and dry soil areas)
decreasesdecreases
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Water Movement Through Soil
Wet to dry
From large pores to small pores
– Capillary Action 

Water moves radially until saturated
At saturation gravity moves water down
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Simplified “Bouma” Curve

Clay  has lower “K” at 
saturated flow compare to Sand

Clay  has higher 
“K” at unsaturated 
flow compare to 
Sand

Sands are 
traditionally loaded 
at a smaller 
percentage of 
saturated KSAT 
than Clays
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Impact of Bacteria & 
Dosing Frequency on the 
Removal of Virus within 
Intermittently Dosed 
Biological Filters

Robert Emerick, Ph.D

JaRue Manning, Ph.D

George Tchobanoglous, Ph.D

Jeannie Darby, Ph.D

The higher the 
loading rate, the 
more smaller doses 
per day required to 
maintain 
unsaturated 
conditions, lower 
field capacity. 
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Low Pressure Distribution

Low Pressure Distribution
Dose Volumes

A B C D

X Lateral Volume 
Gal./Ft.

2’ spacing
Dose/orifice (gal.)
Pump run (min.)

3’ spacing
Dose/orifice (gal.)
Pump run (min.)

5 .32 .64 g (.88 m) .96 g (1.31 m)

6 .384 .768 g (1.05 m) 1.152 g (1.58 m)

7 .448 .896 g (1.23 m) 1.344 g (1.84 m)

8 .512 1.024 g (1.4 m) 1.526 g (2.09 m)

9 .576 1.152 g (1.58 m) 1.728 g (2.37 m)

10 .64 1.28 g (1.75 m) 1.92 g (2.63 m)

A   Represents times the volume of pipe.     
B  Volume of pipe does not include manifold.  Assume 1.25” laterals, .064 gallons per foot.
C & D based on 7/32” orifice @ 3 foot head.

Instantaneous Dose 
expressed as:

•gal / orifice per dose

•Gal / ft2 per dose trench 
bottom

•Inches per dose trench 
bottom

•Note delivery time

•Typically Less than 2 
Doses per Day
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Small 

“PACKED BED”

Networks

Volume of Dose Volume / 
Emitter /  Dose 

Dose time in 
Minutes

3 .078 gal. (10 oz.) 7.7

4 .104 gal. (13 oz.) 10.2

5 .13 gal (17 oz.) 12.8

6 .156 gal. (20 oz.) 15.3

7 .182 gal. (23 oz.) 17.9

8 .208 gal. (26.6 
oz.)

20.5

Instantaneous 
Dose expressed 
as:

gal / emitter per dose

gal / ft2 per dose 

gal / ft per dose tubing 
length 

Note delivery time

Typically 4+ Doses per 
day, multiple fields

Drip Dispersal
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DEL VAL 400 GPD      .17 GPD per ft2

WISCONSIN

Suggests 12”
remediation 
thickness for 
secondary 
pretreatment

18” for STE
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Column Study VPI & SU

Dosed six times per day

MASS ALTERNATIVE SEPTIC SYSTEM TEST CENTER

Buzzards Bay National Estuary Program

Testing Beginning September 2010
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Three Replicates 
each

**STE

**STE w/ air

One Control

Each of 7 cells 5’ x 35’

C-33 Sand, 12” remediation thickness

Area Loading .74 Gal/Ft2/Day

Linear Loading .49 Gal/Lin. Ft/Day

.06 Gallons per Emitter per Dose

Additional testing for 
N, P, BOD5, Fecals
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KEYWORDS

Variable Source (in)  
Flow

Sufficient Effluent 
Storage

Uniform (out) Flow to a 
Component

Controlled Delivery to downstream treatment 
component.

**  Mechanical Pretreatment

**  Soil based Infiltration 

**  Discharge 
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Surge Flow Storage

Accommodate with peak 
over ride and /or 
additional volume

Average Daily Flow

Characterizing “average flow” (weekly?)  

Extent / duration of “peak flow”

2000 EPA Design 
Manual has limited 
discussion flow 
equalization and a 
design example
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GRAVITY
PRESSURE

AerobicTreatment

Presettlement / Trash Tank

Treatment 

Equalization
Dispersal

Equalization

Soil Dispersal

Combination 

Systems

Can “split”
storage 
requirements to 
two tanks

Mass Loadings
Hydraulic
*Daily

*Instantaneous

*Contour
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Infiltrative Surface Width

100’ Trench Length on Contour

50’ Header Ditch

.09 Gal / Ft2 / Day

EXAMPLE

450 GPD

* 6 lines, 100’ long, 3’ wide, 9’ CENTERS = 1800 FT2

450 GPD / 600’ trench = .75 gallon per linear foot

* 9 lines, 100’ long, 2’ wide, 6’ CENTERS = 1800 FT2

450 GPD / 900’ trench = .5 gallon per linear foot

* DRIP 24 lines, 2’ centers

450 GPD / 2400’ tubing = .19 gallon per linear foot
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Drip Dispersal places effluent into the soil 

rather than 

onto a constructed infiltrative surface

TYPES  OF SOIL  WATERTYPES  OF SOIL  WATER
MOVEMENTMOVEMENT

SATURATED  FLOWSATURATED  FLOW
hydraulic conductivity x gradienthydraulic conductivity x gradient

hydraulic conductivity - ease with whichhydraulic conductivity - ease with which
pores permit water movement.pores permit water movement.

gradient - height of saturated soilgradient - height of saturated soil
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DARCY’S  LAW

             K sat   A   P

           L
Q = 

Q   =    quantity of flow per unit of time

Ksat = saturated hydraulic conductivity

A   =    cross sectional area

P =  hydrostatic pressure difference between top and
bottom

L   =    length

LTAR Considerations

Horizontal FlowHorizontal Flow

1

2

3



Site Evaluation and Onsite System Design 
Strategies for Severe Sites/Large Flows 29

> 2 ft

Ground Water Flow Direction

Unsaturated Zone

Ground Water
Mounding

Edge of Drainfield

Flow
Cross Sectional

Area

Flow Direction

Gradient, i

  

DARCY’S  LAW        REST OF THE DARCY’S  LAW        REST OF THE 
       WORLD       WORLD

One dimensionalOne dimensional

Steady state flowSteady state flow

Constant temperatureConstant temperature

Average - volume toAverage - volume to
represent all pore sizesrepresent all pore sizes

Three dimensionalThree dimensional

Non steady flow (saturatedNon steady flow (saturated
and unsaturated flow)and unsaturated flow)
Variable temperatureVariable temperature

Macropores, cracks,Macropores, cracks,
preferential flow pathwayspreferential flow pathways
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Landscape Linear (Contour) Loading



Site Evaluation and Onsite System Design 
Strategies for Severe Sites/Large Flows 32

L/W Ratio .66 : 1

L/W Ratio 1.5 : 1

Better
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L/W Ratio 3.66 : 1

Better
Still!!

Graphic from Wisconsin 
Mound Soil Absorption 
System #15.13, Small 
Scale Waste Management 
Project, James Converse 
& Jerry Tyler, 1986

Horizontal Saturated     
Flow

Sand Bed Boundary

*Surface Horizon Boundary

*Boundary between Surface Horizon *Limitation

and underlying (argillic?) Horizon (leakage)
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Soil Evaluation and Design Selection for Large or Cluster 
Wastewater Soil Adsorption Systems shows stacked beds 

on pg. 5.

Stacking
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“SLOPE”

“GRADIENT” Drains

Soil and Site Investigation

• Landscape position and 
surroundings

• Soil morphology
– horizons, color, texture, structure, mineralogy, 

depth, limiting layers, wetness
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Site Delineation The report is to communicate to 
the designer site-specific details 
of the delineated area including a 
preliminary design (dimensions 
of the area, slope of site etc.) 
meeting the requirements of this 
guidance.  

The report should identify, and 
offer recommendations to 
address, as necessary, certain site 
specific conditions such as slope, 
stoniness, vegetation, surface 
drainage, site preparation etc. 
that may, in the judgment of the 
evaluator, effect the design and / 
or field installation.

Perfect !!

“Flared”
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“Convex”, note 
wrap point

“Skewed” note 
short dimension

“Nose” Slope 
note short 
dimension

Saddle
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Soil Texture
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100

90

80

70

60

50

40

30

20

10

0

0

10

20

30

40

50

60

70

80

90

100100      90       80        70         60       50        40    30       20        10          0

clay

silty
sandy                              clay
clay                              clay loam     silty clay

sandy clay                             loam
loam

sandy loam             loam             silt loam

loamysand                                           siltsand

SILT, %CL
AY

, %



Site Evaluation and Onsite System Design 
Strategies for Severe Sites/Large Flows 40

STRUCTURE
Structure is the arrangement of sand, silt, and clay particles 

into aggregates held together by mineral and organic 
colloids acting as a glue.  These structural units form a 
secondary network of macro and micro pores for air 
and water movement in soil.

GRANULAR

PRISMATIC

BLOCKY

Soil Structure and Water Movement
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Structural Grade Adjustments
• Increase LTAR for strong
• Decrease LTAR for weak

STRONGSTRONG WEAKWEAK

Trench Bottom Loading Rates
EPA 2002

Loading Rate                          

Structural Adjustment 

1 / 3 
Reduction

For

Strong 
Structure
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COARSE  PLATEY

PLOW  PAN

Soil Wetness 
Conditions
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Soil Considerations

• Soils are classified as well drained, moderately well drained, 
somewhat poorly drained, or poorly drained. Well drained soils 
are usually red or brown in color.

Soil Considerations

• Poorly drained soils are usually gray in color.
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<< 2 chroma 2 chroma 
depletiondepletion

4 chroma 4 chroma 
depletiondepletion

3 chroma 3 chroma 
depletiondepletion

Redox concentrationsRedox concentrations

WT 1WT 1

WT 3WT 3

WT 2WT 2

WT 4WT 4

Depletions

≤ 2 chroma

Concentrations

LTAR can be 
increased or 
decreased 
based on 
wetness 
related 
morphology.

Decrease LTAR

No Change in LTAR

Increase LTAR
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(1) Infiltrative Surface 
Waste Water applied 
must readily leave 
trench

(2)  Water must move 
vertically through least 
permeable soil layer

(3) Water reaching a 
impermeable  / slowly 
permeable layer or 
Ground water must 
move laterally away

Groundwater Mounding 
increases volume of 
water moving laterally

On-Site Wastewater Treatment Systems Manual

Chapter 4 Treatment Processes and Systems

(U.S. Environmental Protection Agency. 

EPA/625/R-00/008 Washington, D.C.:  2002)

Design 
Boundaries

NOTE: “Infiltration Zone”

“Design Boundary”
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Load infiltrative surface according to regs at low % 
of Hydraulic Conductivity, for example .6 gal/ft2/day

Loading below trench is an area “footprint”
loading rate ie. The infiltrative loading rate / 3 or 
.2 gal/ft2/day or 2.25” per week

Test and evaluate (judgment!!) Hydraulic Conductivity of 
restrictive SOIL horizon as a percentage of Area “Footprint”
Conductivity

Large Flow Systems

Water must move vertically through Least 
Permeable soil layer.  Area, “Foot Print”
Loading.  Several Options for analysis.   

( A )**  Must be <100% of lowest 
Hydraulic Conductivity test (80%?)

( B )** Evaluate (judgment!!) Geometric 
Mean of Hydraulic Conductivity of 
restrictive SOIL horizon as a percentage 
of Area, “Footprint”.  Adjusts for extremes 
of data set.

( C )** Look at the Standard Deviation.  
Calculate upper SD (slowest of 66% of 
data) as percentage of Area, “Footprint”).  
May need to eliminate highest and lowest 
value. 

Water reaching a impermeable  / slowly permeable layer or 
Ground water must move laterally away from site.
Groundwater Mounding increases volume of water moving 
laterally

Infiltrative Surface Typical loadings <10 (3-6)% of saturated Hydraulic 
Conductivity.  May be as much as 20% with justification and managed 
instantaneous dosing, if other subsurface characteristics allow.

Approach

Large Flow
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Mass Loadings
Constituent
*Organic

*Other Pollutants
Nitrogen

Phosphorus

Fecals

Emerging 
Contaminants

“CLASSIC” Nitrification and Denitrification 
Theory is no longer valid as a general ecological 
model

•Efficient, closed system, small 
footprint.  Employs fast-
growing bacteria, short Mean 
Cell Residence Time (MCRT)

•Growth Media is often 
suspended (water)

•Basis is in surface water 
resource discharge

*Nitrify to protect aquatic    
organisms

*Denitrify to reduce the 
nutrient load on the water 
resource
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Wetlands, Soils, and Sediments 
have many alternative pathways 
for NITROGEN transformation

•Slow Growing Bacteria

•Extended MCRT

•“Low fluid shear” environment 
resulting in stable biofilms

•Time

•Size

•Diversity

ANAMMOX 

•Nitrite to atmospheric 
Nitrogen

•Does not require 
organic Carbon to 
remove Nitrogen from 
Wastewater

•Removal high once 
biomass is established

•20% of Oxygen 
compared to classic 
Nitrification / 
denitrification

Being developed into commercial application
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HETEROTROPHIC 
NITRIFICATION 

MODEL

•Complex

•Uses Oxygen and Nitrate 
simultaneously as terminal 
electron acceptors favoring 
aerobic denitrification

“Dumps” excess ammonia 
to prevent interference with 
bacterium energy balance

Biofilms and “flood and 
drain” an important element

The classical process Nitrification / 
Denitrification Model coupled with the 
understanding ANAMOX and 
HETEROPHIC pathways presents an 
emerging model of nitrogen fate in large 
complex ecologies such as soils, 
wetlands, and sediments.

Other nitrogen-cycle microbes whose 
pathways are yet unknown likely play an 
important role.

The recent need for the understanding 
and analysis of of the global nitrogen 
cycle due to mans effects will increase 
the understanding of Nitrogen dynamics 
and soil based on site sewage treatment 
and dispersal


