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Presentation Notes
Greeting
I’m Jeffrey Herrick
	a hydrogeologist 
		w/ DEQ’s 
			Source Water Protection Program

I’ll be talking about GW & hydrogeology.      
& will dovetail into  Source Water Protection

hydrogeology = understanding    GW occurrence 
				   & GW movement

So, Where does the water come from?????


Groundwater Basics

MT DEQ Source Water Protection Program

Joe Meek, Supervisor

Jeffrey Frank Herrick (that's me!)
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Target Audience:

Homeowners, Septic
‘Professionals, You. -~
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The Water C

Groundwater
stored and it’s

on the move.



Montana - On The Surface
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Presentation Notes
Note the Precipitation in the Mountains
Falls in the form of  Rain & Snow
	H2O is temporarily stored in mountains in snowfields & glaciers, 
	then it’s melted into alluvial and bedrock GW
	Most of it is Stored & Transported in GW
	Few streams in Montana flow year round directly out of melting snowfields or glaciers.  
Nor do they run for very long fed by simple surficial runoff (from storm events)
So, almost all SW comes from GW discharge  (we call it base flow).
	That’s actually important to us.
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Presenter
Presentation Notes
This is just a pretty geologic map.
Note complex western Rocky Mountain region


Montana - Beneath The Surface

Rocky Miountains Little Rocky Eastern
Mountains Montana
Ground-Water Flow Line _> Avqguifers in Cenozoic Rocks - Tertiary Intrusives
Geologic Fault s Auquifers in Miezosoic Rocks

Aguifers in Paleozoic Rocks
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Presentation Notes
Note the fault bounded valleys in the West



What Makes A Good Aquifer

Conductivity = Inter-Connected Voids/Fractures

Yolume of voids (V)
Total volume (Vy)

a2 Porosity (n) =
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Conductivity addresses water MOVEMENT

Porosity is ability to STORE water

Note: 
 The finer grained a media is, the greater the porosity. 
	Clay is very porous, but has a low K (conductivity)
	Piles of boulders/cobbles have a high K (conductivity), but have a relatively low porosity
	mixed materials are the best, you get a combo of porosity and conductivity


What is the Water Table?
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Groundwater/Aquifer Recharge Areas
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Potential

For all aquifers:

— Water moves from areas of higher

potential (~e
potential (~e

evation) to areas of lower
evation).

For unconfined aquifers (water table

aquifers), It’s pretty safe to say.

— The slope of the water table often mimics
the slope of the surface topography.

— Water flows downhill. This is imprecise,
but an easy to remember rule-of-thumb.



Groundwater Terms

Water Potentiometric Surface If it flows
Table Well Water It's an
Table Well Artesian Well
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Natural conditions
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Courtesy of _________________________


Ground-water quality
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Graphic adapted from: _______________


The Water Table / Unconfined Aquifer
- Losing Reach of Stream

Flow direction
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The Water Table / Unconfined Aquifer
- Gaining Reach of Stream

Flow direction




Surface Water - Ground Water
Interactions

Al B]

Gaining Stream Reach High Flow
LS

Tz

EI LS = Land Surface EI

W = Water Table
Losing Stream Reach Pumping Well
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A.	WT > Stream

B.	Stream > WT

C.	Stream >> WT   draining right down

D. 	Like A. but with pumping well nearby


Example of
a quickly
losing
stream

kK
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This slide is here to remind me to say:
Water is critically important to all of us in Montana.
It’s one of those resources we just can’t do without.
GW represents a majority of the useful water in this state.
Other than that, I just like this photo. 

 


Snowmelt, rainfall, and flooding

Snowmelt and rain produce
a dramatic peak in discharge
(flow) of a river or stream,

as shown on a hydrograph.

Discharge {cfs)

Stream base flow Is
derived completely from
groundwater.
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Map 3
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Note 
Quaternary alluvium grades into Tertiary sediments
	Some units are hard to identify 
		e.g. w/in Gallatin Valley
Lots of alluvium filled valleys in the West
w/ long river cut  alluvial valleys in the rest of the state


A meandering stream / river.




Groundwater Flow Systems
(Note that this Is similar to most river
valleys)

EXPLANATION

I:l High hydraulic-conductivity aquifer @ Local ground-water subsystem

Sub i I d-wat b b
Low hydraulic-conductivity confining unit @ RS EAUEE e e S S Sie

@ Regional ground-water subsystem
I:l Very low hydraulic-conductivity bedrock

Direction of ground-water flow
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Note the
	Recharge Areas

	Discharge Areas

	GW flow paths
Install wells into 
	similar positions
	different depths
What zones do the wells pull GW from????
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Are these water suppl i er of contamination???
General @
Ground-Water
Flow Directions

... General
Subdivision w/ Ground-Water

Septic Systems Flow Directions

ﬁ Subdivision w/

a8 - Lots w/ Wells & Septic Systems
\ Septic Systems ﬁ

ateXbea
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Are the subdivision sewage systems a big threat to the wells. ?????

Probably.


Take-Home Messages

Groundwater comes from somewhere else.

Understanding where groundwater comes from
helps you preserve your water quality.

Septic Systems recharge groundwater.

You can make a big difference in the water
quality of an aquifer.

There’s no such thing as a free lunch.



Oh, and don’t build on the floodplain
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This is the end of my discussion. 
Any questions or comments????
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Area of influence

Groundwater flow



Main Point —Septic Systems
Recharge Aquifers
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Main Point —Protecting Water
Quality Protects Health
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Main Point —Wells & Septics
Need Maintenance




Main Point -Septic Systems Treat

Sewage

unknown 0
Viruses (llelg))

1 million-100 0
Fecal Coliform million
Nitrogen 50 to 100 50-60
BOD (mg/L) 270-400 0)
Phosphrous 0-1

(mg/L) 10 to 40



NEW TECHNOLOGIES &
MAINTENANCE FOR ON-SITE
WASTEWATER SYSTEMS

Presented:
February 1, 2008

Presented by:

Eric Regensburger
DEQO, Subdivision Section
444-0916
eregensburger@mt.gov
www.deq.mt.gov




Topics
Level 2 Treatment
Types of Systems
Maintenance Requirements
Types of Failures

Effluent Filters



Level 2 Information

 Defined by nitrogen removal:
— Remove 60% of total nitrogen (TN) , OR

— Reduce TN (in residential strength wastewater)
from 50 to 24 mg/L or less

— Some systems reduce TN to as low as 7.5 mg/L

e Rules include other classes of TN removal

 Nitrogen removal typically reduces other
pollutants [BOD, TSS ... pathogens(?)]



Nitrogen Cycle

« Raw wastewater
= ammonia
e Treatment
IS by naturally occurring bacteria
« Require an aerobic AND anaerobic period:
— Aerobic (in the presence of air):
ammonia converts to nitrite/nitrate

— Anaerobic (without air):
nitrate converts to nitrogen gas



Nitrogen Cycle

(continued)

 Requires proper pH, temperature and alkalinity
— pH:
6.5t0 8.0
— Temperature:

optimal around 70 degrees — bacteria less active
as temperature drops

— Alkalinity:
7/ times the amount of nitrogen

— Explanation of N cycle in wastewater treatment:
www.onsiteconsortium.org/files/nitrogen.htm



Approved Level 2 Systems

e Level 2 for single family homes (and larger
systems)
— Recirculating Sand Filter (generic)
— Orenco Advantex Recirc. Trickling Filter
— Eliminite Recirc. Trickling Filter
— Bio-Microbics aerobic treatment unit
— Norweco Singulair aerobic treatment unit

 Level 2 for larger systems (>5,000 gpd)
— Several aerobic and activated sludge systems

e List updated on internet site as necessary
— http://lwww.deg.mt.gov/wqinfo/Nondeg/Index.asp



Nitrogen Removal Processes

 Recirculating Trickling/Sand Filter (RTF)
— Aerobic zone in the trickling/sand filter

— Anaerobic zone in the septic tank (or separate
recirculating tank)

— Trickling filters have proprietary materials
e Aerobic Treatment Units
— Aerobic zone and anaerobic zone in same tank

— Use external air to create aerobic conditions
— Turn off blower to create anaerobic conditions



Recirculating Sand & Trickling
Filters

A -

Trickling
Filter

NH, — NO,

Primary Tank

baffle —

\

Drainfield



Recirculating Sand & Trickling
Filters

Primary | |
Tank Recirculation

Trickling/Sand

Drainfield Filter




RTF Schematic (Orenco)
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Self Contained RTF (Eliminite)




RTF Media (Orenco)




RTF Media (Ellmlnlte)




Bio-Microbics




DEQ Maintenance Requirements

« DEQ-4 Appendix D
— All systems in DEQ-4 required to meet O&M
(except septic tank/drainfield system)
— Requires service contract for life of the system

— First two years requires at least four onsite
Inspections (frequency not specified after that)

 Nondegradation Rules (ARM 17.30.718)

— Any system approved for nutrient reduction

— Twice a year inspections for first 2 years and
annually afterwards (double for aerobic systems)

— Annual effluent sample/analysis (nitrate, nitrite,
ammonia, TKN, BOD, TSS, fecal coliform bacteria,
specific conductance, temperature)

« Manufacturers Requirements ...



What About Additives?

* Enough bacteria are present in the tank
from normal bodily wastes

e Additives cost $$$

e Typically the people who recommend additives are those who
sell them

« Chemical additives may end up in groundwater

e There is no substitute for maintenance!



Types of Fallures

 Hydraulic Failure (e.g. squishy soil)
 Treatment Failure (harder to identify)

 Drainfield Treatment Failure (without hydraulic
failure, very difficult to identify)



Hydraulic Failure

Poor maintenance (don’t pump tank)
Hydraulic or organic overload
Poor siting (undersized for solls)

Poor construction (poor distribution, too
shallow)

Excessive grease, garbage disposal, chemicals
Tree roots
Driving over the drainfield




Surfacing Effluent
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Surfacing Effluent
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Excessive grease in septic systems is a common cause of drainfield failure.  Here’s surfacing effluent at a sand filter caused by grease entering the system and clogging the soil.


Surfacing Effluent
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Surfacing Effluent
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Excessive grease in septic systems is a common cause of drainfield failure.  Here’s surfacing effluent at a sand filter caused by grease entering the system and clogging the soil.


Treatment Failure

* Inadequate nitrogen treatment (excessive

chemicals, too cold, system malfunction)

 Look at nitrogen components
— Ammonia vs. nitrate

 Look at temperature/pH/alkalinity

* Inadequate settling of organics in septic tank

(lnadequate retention time)
* Results in high BOD/TSS levels
 Check sludge layer in tank
« Chemical use could upset balance
e Excessive salts from water softener(???)

* Inadequate pathogen treatment in soil (poor
distribution)



Main Point —Septic system failure is not
just a soggy spot in the lawn

TANK MAINTAINED NEGLECTED TANK

CIoud): eq;d

It is also a failure to properly treat wastewater!



Progressive Development of a Biomat-
localized hydraulic overloading

- PR T R T e p— g

H‘+i.-l 4 r = ilrrri--r_‘_'_'" ----- I'-"F.-l-—
Year one

o L L P -

.

&bb& ih

- - ] n - . n . " - n " - - r I

Wﬁﬁh . Yearfive ]
'-]"nl:*{'il-'-ilr hh H
..'-*- r-|' '-J ™ = J = ] - - O r e & o4 I | r & k ..-"-.-'-

P EE™ T e ———

. - & u

Year flfteen_J



Presenter
Presentation Notes
Standard drainfields work through a process of continuous failure.  

The effluent enters the drainfield by trickling through the pipe to the ground.  A biomat forms which clogs the soil pores.  Infiltration capacity is really based on the biomat and not the soil.  The biomat can become fairly impervious to through flow.  Eventually, the infiltrative capacity of the entire drainfield may be so slow as to cause the system to back up into the house or to force effluent to the ground surface. A typical drainfield lasts 20 years.

Alternating wet and dry cycles such as that found when an effluent pump is used may be better at preventing biomat formation.


Effluent Filters

Filter out TSS and BOD to minimize clogging
In the drainfield

— BOD = biological oxygen demand
— TSS =total suspended solids

Installed in septic tank outlet “t”

Required in all new systems (DEQ-4)

— (sect. 7.2.7)
— Can propose alternate filter (screened pump vault)
— Alarm system recommended but not required

— Requires ANSI/NSF Standard 46 approval

Cost: $50 - $300


http://www.deq.mt.gov/wqinfo/Circulars.asp

Effluent Filters

Cleaning interval varies based on size/use
— 6to 12 months(?) — longer (?)

— Pull and rinse(?)

— Frequent clogging =time to pump

Two chamber septic tank will further reduce

BOD/TSS in drainfield

— But will require more frequent pumping for similar
sized as single chamber

Over sizing = less frequent maintenance
Can be retrofitted to existing units



Septic Tank Cross Section
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Effluent Filter Maintenance




Message for clients- What is in Your Septic System
Effluent?

unknown “
Viruses (allelg))

Fecal COW 100 million
@Xh 50 to 100 50-60
BOD (mg/L) 270-400 0

Phosphorus
(mg/L) 10 to 40
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