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Onsite Activities/Sources Important to You

e TOWA — Texas Onsite wastewater
Association

 NOWRA — National Onsite Wastewater
Recycling Association
 National Environmental Services Center

— Numerous publication including SF Quarterly

— Sign up as no charge to receive Quarterly and
=0ther materials. www.nesc.wvu.edu ipeline:y

M)




Materials for this class

e Power Point Presentation

e Texas Code

— Title 30 Texas Administrative Code
e Chapter 285 On-site Sewage Facilities

 Other Material
— Onsite Installer Mag. www.onsiteinstaller.com

Inside this
* 2008 NO!




Onsite systems recycle wastewater to ground wétee
municipal systems do not as they discharge It tface
waters,depleting the groundwater. However, thahanging.




Anaerobic Biological Process

Absence of Oxygen

acid-forming
Organic matter = |ntermediates + CC)2+ HZS + HZO
bacteria
methane
Organic acids (intermediates) > CH4 + C02

bacteria



Aerobic Biological Process

®m Presence of molecular oxygen

= Organic matter + O, -
CO, + H,0 + new cells



Biochemical Oxygen Demand -
BOD

Measure of organic matter

Measures the amount of oxygen used by the
microbial population to biodegrade organics
In the wastewater. mg/L

5 day, 20 C test
CBOD is carbon demand portion
NBOD Is nitrogen demand portion



Carbonaceous plus nitrogenous oxygen demand
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Measurement of Organic Matter
Solids —

e Total suspended solids (TSS)
— Filter sample through 0.45 micron filter
— Solids remaining on filter are SS
— Solids passing through are dissolved

e Settleable solids
— Used to determine when to remove
solids from the suspended-growth ATU

gl . ....
F

Settleable solids




Biological Reaction Rates

Affected by:

e [emperature
° pH

o Alkalinity



Biological Wastewater Treatment

Stationary Phase

Endogenous

Death Phase

Log Phase

Hactera Concentratkon

Lag Phase

Time



Types of Waterborne Pathogens

Viruses Bacteria ~ Parasites

i

Gerba: Virologist, University of Arizona



Pathogens

e Health risk to humans
— Bacteria or virus

o Bacteria — use fecal coliform or E. coli as
Indicator

* Virus — use coliphages as indicator
— Less known about virus in on-site
— Becoming the pathogen of concern

E-coli Virus




According to some:

Coliform and Fecal coliform
bacteria are not indicators of
potential disease risk

Gerba: Virologist University of Arizona



Sizes of Microorganisms

Helminths

— Protozoa

— Bacteria —

100 nm _|— Mycoplasma
Viruses

10 nm

1nm 1

Viriods/Prions

Gerba: Virologist University of Arizon




Gerba: Virologist, University of Arizona




Waterborne Outbreaks in the United States
1971-1994

Groundwater
58%

Surface
33%

from Craun and Calderon, 1997

Gerba: Virologist, University of Arizona



 Abbaszadegan et al (2003) — 448 wells in 35
states. Utility wells —virus in 32%

e Borchart et al (2003) — 50 wells. Homeowner
wells. Virus in 8%.

e Fout et al (2003) — 29 utility wells. Virus found
In 16% of samples

* In Press — AEM (2004) — Midwest utility wells.
48 wells. Enterovirus 42%; Norovirus group 1 -
6%o.

e Yates unpublished (2004) — Calif. 211 utility
wells. Enterovirus 10%.

Gerba: Virologist, University of Arizona



Nitrogen Species

e Types
— Organic Nitrogen — ON tied up in OM -
— Ammonia/ammonium — N& NH,*

— Nitrate — NQ - soluble in water and moves to ground
water

« Combinations
— Total Kjeldahl Nit. TKN — Sum of ON and NHNH,*

— Total Nitrogen — TN — sum of ON, NJANH,*, NO;



Nitrification

/‘

O,

Organic nitrogen
(proteins; urea)

Bacterial
decomposition
and
hydroysis

Assimilation

L

Ammonia nitrogen

Organic nitrogen
(bacterial cells)

? Lysis and autooxidation

Nitrite (NO,, )

Denitrification

Organic nitrogen
(net growth)

Nitrate (NO )

!

Organic carbon

»={ Nitrogen gas (N2 )




Nitrogen Is Excreted

m orm:
e Organic nitrogen
e Ammonia/ Ammonium

m Rate:
® 8-10Ibs./ person/year



NITROGEN TRANSFORMATION
SEPTIC TANK - SOIL ABSORPTION

SOIL ABSORPTION
SEPTIC TANK SYSTEM

Org. Nit. | 4 + _
—3| Org. Nit.— NH, = NH_+ Org. Nit.
NH T 4 4

+ -
NH4 — N03 \L

NO:'3 moves with water



NITROGEN TRANSFORMATION

AEROBIC TR

AEROBIC UNIT

EATMENT - DENITRIFICATION

Org. Nit. |Org. Nit.—> NHZ 3

+ z +
NH4 NH4

NO,_

_ >
—_— NO:3

DENITRIFICATION UNIT
(ANAEROBIC)

N03

.—> NZT

carbon source

—>

Recycle to septic tank



Dissolved Oxygen Concentration

 Function of:

— Temperature - lower temp. - higher D.O.
e 32F=14.6 mg/L, 90F= 7.3mg/L (BP6O/MmM,0S)

— Salinity — higher salinity — lower D.O.
e OppmS =9.1mg/L 30ppmofS = 7.6 mg(G8 F)

— Barometric pressure — Higher pressure — higher D.O.
e 735 mm BP =8.8 mg/L, 760 mm =9.1 mg/L S= pp8 F)

Expect saturated D.O. in 7-14 mg/L range



Oxygen Transfer in ATUs

e Transferred from the air into water by diffusion.

e Rate Is function of:
— Surface area

— Temperature O
— Dissolved oxygen concentration o © QO
0008
| O O

e 12099
O °

o O O

0 O

2 2
Less Transfer More Transfer



Oxygen Transfer In Packed Bed Fllters
and Soll

AIR AIR

MEDIA MEDIA

If oxygen is limited, a biomat will form resulting potential failure



ANoxic

 Absence of molecular oxygen

* Presence of combined oxygen In substrate
such as NQ or SO



Phosphorus

e Starting to be of concern in on-site
wastewater treatment especially in sandy
solls and around water bodies.

 The limiting factor in many fresh waters for
algae growth

 Normally tied up with Ca, Fe, Al, Mg In
fine textured solls



Volatile Organic Compounds -
VOCs

Wide variety of compounds
Not well studied in on-site systems
Use with caution

May be contained in various cleaning
products.



Pharamaceuticals and Personal Care
Products

Becoming a big concern in surface and
ground water

Not a lot known about how well treated by
onsite sytems

Many not treated in municipal treatment
units.

Many different components, metabolites,



Fats, Olls and Greases

Normally less than 25 mg/L in domestic
wastewater

Present in many body lotions, soaps, food

Major concern in commercial wastewater
especially restaurants and food preparation
establishments.

Can add significantly to organic load



Biomat

Biomat formation at infiltrative surface resultingan anaerobic
condition due to not being able to meet oxygen demaCan
reduces the hydraulic flow to the point where falmay result.



System Components

Source
Collection
Treatment

— Primary

— Secondary
Dispersal

— AIr

— Soll treatment

— Surface
— Recycle

Management



Sources of Wastewater

 Two broad general classes
— Residential
— Commercial



Residential Sources

e Typical
— Laundry, sinks, toilets, bath/shower, kitchen
e Other sources
— Water softener
— Infiltration
— Floor sumps — Clean water vs. sanitary wastes
— Garbage disposal




Other In-home sources

e In-home businesses
— Taxidermy chemicals

— Painting business
» WWashing brushes
» Excess paint disposal

— Photo lab

— Salons
e Bleaches, colors, chemicals

— Bed and Breakfast



Commercial Sources

 Many sources
— Restaurants
— Grocery stores
— Delis
— Office complexes

 Variable from site to site
— High organic matter
— High fat, oil and grease
— Nitrogen
— Phosphorus
— Cleaning agents
— Heat (high water temperature)
— Laundry -Lint



Septic Protector for Laundry
Wastes.

WWWw.Septicprotector.com



Wastewater Parameters of
concern

e Quantity from the source — daily flow (gpd)

e Quality — Concentration of contaminates
(mg/L)

 Mass loading of organics to the system- |bs/day
— Important concept in system design



How to Obtain Quantity (gpd) Numbers

« Estimated design numbers in codes
— These are generally higher than actual use

— They provide a

Metered flow

— Add a

Average flows from similar facilities

— Add a

Peak flows

Design - actual use + factor of safety



Factor of Safety

Code flow - typically use 75-100 gpd/person
Actual flow - Is about 50-65 gpd/person

Metered flow - use 1.5 -2 times metered for design
For a 3 bedroom home:
Some design on 350 gpd; others use 450 gpd
with same soil loading rate

450 gpd gives a bigger factor of safety

What about large modern expensive homes?



From CIDWT



Average s
710%
Design

Average s
90%
Desigmn

From CIDW



Important Questions to Answer

e |s the design value appropriate
for the daily water usage?

e Can the system handle peaks or
only average?

From CIDWT



Note: >

EPA Onsite wastewater treatment manual - 2002



EPA Onsite wastewater treatment manual 2002



Water Usage in Wisconsin

 \Water use
— Geometric mean — 48.5 gpd/person
— Median 48.6
— Mean 51.6

 Number of people/home
— Geometric mean 3.6 people/home
— Median 3.7
— Mean 3.7

 Based on 153 homes over a number of years



EPA
Manual
2002



Texas
Code
Waste
water
Usage



Dally flow pattern for a home

Peak flow

Average flow|

— ] e

Noon 6 pm MN

Flow — gallons/hr/person

MN 6

Time of day



Flow — gallons/day

Weekly flow

Peak flow
Average flow )
— J




How should large peaks be handled?

 \What affects do peak flows have on downstream
components?
— Increase size of components septic tanks?
— Provide storage in a tank — Flow equalization

— Use timed dose?
* Timed dose to secondary treatment
* Timed dose to soil system?
* Need surge capacity



Wastewater Quantity

o Gravity flow system
— Water meter
— Number of people in house @ 50 gpd
— Check for leaking appliances

e Pump system
— Counter
— Running time meter

NEED TO GET A GOOD ESTIMATE OF FLOW



Water meter to monitor flow
In the home especially for
gravity systems

Water meter to measure
flow to field and used
to assess performance



An event counter available

through Grainger at

www.grainger.con# 1A188

608-221-3861

Need to know the net dose

volume

Running time meter is available
through Grainger Cramer #
6x1309.

Need to know pump flow rate

Event counter connected
to the pump and float
plugs. Time meter
connected similar.



Event counter and running Event Running time
time meter built into unit. Counter\ eter

Can also be accessed and down V

Loaded on comput



Quality

sSources
— Residential
— Commercial

All wastewaters are not created equal!!

Single source, no dilution with other
wastewater

Combined source — some dilution with
other wastewater



o \Wastewater strength measured by following
parameters:
— BOD
— TSS
— COD
— Nitrogen
— Phosphorus
— Pathogens — Fecals, E-coli, coliphages

« \Wastewater strength is equally important to
flow and must be considered when designing



Influences on Wastewater Characteristics

e Organic matter
— BOD and TSS

* Nitrogen
— Organic nitrogen, ammonia, nitrate

 Pathogens
— Bacterial —use fecal coliform as indicator organism
— Viral — coliphage as indicator organisms

e Fats, oils and greases
 Phosphorus

« Cleaning agents/antibacterial/\VOC
e EXcessive laundry wastes
 Medications

 What else????



Characteristics dRaw Domestic Sewage
(average values)

* Flow 50 gpd/person

« BOD 371 mg/L

e TSS 338 mg/L

* Nitrogen /5 mg/L*
 Grease /3 mg/L

* Fecals 100,000 -1 M+ *

Source : Bounds, 1997
*Not part of study



Black Water and Gray Water

e Black water — Toilet waters and kitchen sink
o Gray waters — All other household wastewaters.

* Requires double plumbing and dual pipes
leaving home



Greywater Characteristics

Parameter Brandes Gerba et.al
Suspended Sol. 162 mg/L 40 mg/L
BOD 149 mg/L 120 mg/L
Nitrate 0.12 mg/L 1.8 mg/L
Total Nitrogen ? ?
pH 6.8 6.7
Fecal Coliformg 1.4 M MPN/100 1.6 -63 M
mL MPN/100 mL




Uses of grey water in Texas:
- around foundations of new housing
- for gardening
- for composting
- landscaping at single family dwellings



e Commercial

— Separate lines
 High strength waste line (Kitchen etc)
e Domestic waste line

— Combined line
e High strength and domestic combined

«— Domestic ST
7~ Kitchen

Domestic

Kitchen GT/ST



High Strength Waste Water —
All Stop Service — Kitchen effluent after septic
tank/grease trap

Date BOD TSS FOG
mg/L mg/L mg/L
Nov. 21, 00 570 188 22
Feb. 28, 01 830 152 47
June 08, 01 1250 168 40
Aug. 30, 01 3250 340 66
Nov. 30, 01 610 132 61
Mar. 12, 02 770 97 30
Average 1213 180 53

Domestic ST eff. 160-20014¢0 50 -100 <25



Menu

Table 7.2 Characteristics (average range of
values) of restaurant wastewater

Parameter Chinese Western American Student Bistro
Restaurant | Restaurant | Fast food Canteen
BOD, 58-1430 489-1410 405-2240 545-1630 451-704
(mg/L)
TSS (mg/L) 13.2-246 152-545 68-345 124-1320 359-567
FOG 120-172 52.6-2100 158-799 415-1970 140-410
(mg/L)

Texas Study

From CIDWT




Organic Load

 The oxygen demanding portion of the flow.
— BOD
— 1TSS

— FOG
e Fats
e Qils
e Grease

Need to evaluate source and characteristics ovfdstewater-
not only the above ie: nitrogen in rest sto@gsjgs in nursing homes



High Strength Wastewater — Texas
Code

e Restaurants and food service

— Min. design strength values after grease trap
e 1200 mg/L of BOD

— Need to reduce it to 140 mg/L prior to dispersadil
treatment unit unless secondary treatment levels ar
required.

e Other high strength sewage

— Need to reduce it to < 140 mg/L prior to soll treant
unit.



Modern Influences on Wastewater

Use of more and different cleaners
Medications?
Water conservation?

Should onsite systems use water saving
devices?

With water saving devices mass, load Is the
same as with out water saving devices.



Mass Loading

 The amount in Ibs/day that is added or processed
by a treatment unit

e Lbs/day = concentration (mg/L)* flow (gpd) * 8.3410°



Mass Loading — BOD

Assume :

CBOD = 375 mg/L
Flow = 300 gpd

CBOD = 375 x 300 x 8.34x10=0.938 Ib/d



Mass Loading — Oxygen Demand

Assume :

CBOD = 375 mg/L
Nitrogen = 75 mg/L
Flow = 300 gpd

CBOD = 375 x 300 x 8.34x1®0= 0.938 Ib/d
Nitrogen = 75 x 300 x 8.34x10= 0.188 Ibs/d Nit.
= 0.188 x 4.6 Ib ©= 0.86 Ib/d
Total oxygen demand = 1.80 Ib/@ (Raw
sewage)



Match Downstream Units to
Mass Loading

* Do not overload soil absorption unit
— Hydraulically
— Organically
Do not overload aerobic unit
— Hydraulically
— Organically



System Components

Source

Collection
Treatment

— Primary — septic tank
— Secondary - aeration
Dispersal

— Alir

— Soll treatment

— Surface
— Recycle

Management



Wastewater Collection

m |[ndividual

m Cluster / Community
® | arge diameter gravity pipe
® STEP
® STEG
® Grinder pump

® Vacuum









STEP System - Install to avoid infiltration into toellection system.



Install to avoid infiltration into collection syste






Install to avoid infiltration into collection syste



Install to avoid infiltration into collection syste



Conservation Subdivision

Concentrate homes on small lots
Collect wastewater
Treat wastewater in common area

Advantages:
Have several systems to manage
Instead of one per house

Open area for community to enjoy



Case Studies of Alternative Sewers

* National Small Flows Clearinghouse
(NSFC)

— Number of case studies available- Examples
e Vacuum Collection Systems
« Variable Grade Effluent Sewers
o Grinder Pump Pressure Sewers

— www.nsfc.wvu.edu



System Components

Source

Collection
Treatment

— Primary — septic tank
— Secondary - aeration
Dispersal

— Alir

— Soll treatment

— Surface
— Recycle

Management



Primary treatment — Septic tank

o Septic tank
— Primary purpose is solids removal

— Need quiescent (no velocity) settling time
« Settle the more dense solids
* Float the lighter solids

— Biological activity also occurs
 Solids are solublized

e Organic nitrogen converted to ammonia
« Other biological reactions take place



Baffle in single compartment tank  Solids found in pressure dist.
lateral with baffled tank

Cleanout Pipe
s

Riser ———»¢

.— Baffle

Effluent —
Filter

Filter/screen in single compartment
tank



Filters/Screens for Septic Tanks

Relatively new invention
Located at the outlet

Purpose Is to keep the larger solids in the
tank

Some BOD and TSS removal

Need periodic cleaning

— Frequency depends on source wastewater
— Can be an alert to the user of poor practices
— Can protect against ignorance and neglect



If Effluent Screen Plugs

« Effluent may back-up into the house

* Float activated alarms can be installed to:
— Detect rise in tank liquid level
— Alert user before major problems occur

 To extend time between cleanings and reduce
nuisance factor
— Place screen in second chamber of two chamber tank
— Use screen with larger effective area



Filter Cleaning

—

Note that scum over
topped filter



Filter with secondary filter



Many types of filter
available

Filters with alarms



Multiple Screen Units for Higher Flows



Best approach: Will add about
$300 to cost over single
compartment tank

Baffle

Effluent
Filter

Double compartment septic tank —
filter in second compartment
| —

Riser —

. . Effluent —
Many such units installed j Filter

defeats purpose of filter
In second compartment

Cleanout Pipe

Filter

Pump — |




2 Compartment
Septic Tank

These two designs
are the best approac

FMer\\ﬂII
Al

Pump |

Pumping
Chamber

Riser

Screen
Pump

Pump




Meander Tank Example

INLET

Baffles

Filter

OUTLET
I E—

Advantages of a meander tank

* Longer flow path

» Opportunities to drop solids as flow turns
 Most solids are removed in first chamber




Septic Tanks — Texas code

 Double Compartment Tank
— % t0 2/3 vol. In first compartment

e Tanks Is series

— Code has specifications for tank volumes
depending on number of tanks In series.



Water Tightness

 Keeps ground water from entering tank and
overloading downstream components

o Keeps sewage from leaking from tanks



Water Tight Tanks

Quality tanks
— No cracking or seeping

Water tight joints or no joints
Water tight risers
Water tight joints where pipes enter




Not Water Tight Joints

We should not be using this
type of riser in high water
table sites



Example of water tight risers



PIPE SEALS

Proper seals - $5.00 ezlch
Will these seals Iast?]

~~



SEALING TANK SEAM

Vacuum
testing of
tanks should
be done



STRUCTURAL SOUNDNESS

e TANK
INTEGRITY

 PREVENT
COLLAPSE

Proper concrete mix
Sufficient reinforcement
Sufficient wall thickness



Plastic and fiberglass tanks

Are normally water tight
Riser seam needs to be water

tight

Need to make them non-bouyant



Domestic Septic Tank Effluent Characteristics

o Septic odor
o Grayish/blackish but somewhat clear

 Organic matter
— BOD <200 mg/L
— TSS <100 mg/L
— Nitrogen —
e Organic and ammonium/ammonia (40-60 mg/L)

— Pathogens — high fecal indicator org. numbers
(10°)



Septic Tank Performan

Parameter |Units Rawt Septic tank
Wastewatereffluent

BOD mg/L 371 164

TSS mg/L 338 85

TKN mg/L 60

FOG mg N/L /3

Fecals Col./200 mL 1.7 X106

10regon Study by BoundsWisconsin Study by Converse
Use caution when comparing.




Max. effluent concentrations from
Septic tank

e Soll sizing Is based on max. BOD from
septic tanks

— Texas code — 140 mg/L
— Wisconsin Code < 220 mg/L

— Reality:
 Values will vary depending on loading to tank



# 5 % & &
% 11 1

% 1

From: CIDWT



Sizing Septic Tanks

e Size tank for 24 — 48 hr retention when
tank is ready to be pumped

* Volume components for tank
— Scum layer
— Clear zone (min. 24 hr detention time)
— Sludge layer
 Scum and sludge accumulation will vary
depending on:
— Number of people
— Amount of material discharged to ST



Septic Tank Sizing Based Flow Volume

Texas Code
Flow Rate -Q Septic Tank Vol.
gpd gallons
< 250 750
251 — 350 1000
351 - 500 1250
501 - 1000 2.5 0
+> 1000 1,750+ 0.75Q

Some codes require a minimum 1000 gal tank.



Solids Removal From Septic Tanks

e Sludge and scum must be periodically removed
 How often?
— Can we pump a tank too often?

« 3 yr inspection recommended
e« Some pump once a year (Unnecessary for most)

e Septic tank Is a biological processor

— Anaerobic organisms need time to work
— Don’t clean it too clean!







Septic tank maintenance and
monitoring

 Inspect for water tightness
 Measure sludge and scum thickness

e Observe scum for color, odor and see If It
appears to be working properly

— Chocolate brown color — not grayish, yellowish
color, not a rancid odor.



Thank you

 Any Questions?



