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By Susan Skirta 
Communication Specialist, appi energy

The Importance of Renewing Your Energy Contract

APPI Energy has been the trusted name in energy 
consulting for more than 24 years and providing the 
Pennsylvania Rural Water Association members with energy 
procurement and efficiency services. As an independent 
energy consulting firm, we strive to help our clients reduce 
and manage electricity and natural gas expenses through 
the procurement of competitive energy supply contracts and 
efficiency measures. As energy consultants, our mission is 
to offer our clients a comprehensive way to reduce energy 
expenses and create budget certainty. Now let’s look at 
why it is so important to enter the energy contract renewal 
process with eyes wide open.  

When should I begin the renewal process with APPI 
Energy?  

This really depends on many of your internal factors 
and risk levels as a water authority.  We can certainly 
talk you through the tough questions when starting on 
the renewal process.  Depending on your load profile 
we would recommend beginning approximately 12-18 
months prior to your expiration date. This avoids weather-
driven volatility that typically increases as the start date 
gets closer and allows us time to monitor the market and 
negotiate on your behalf.  We will look at load factors and 
monitor the market in your utility area to determine the 
optimal time to lock into a new contract that will begin 
when your current contract ends.  This way there is no 
gap in service and budget certainty remains in-tact.  

Why not ask for a contract extension with my current 
supplier?

Most supplier contracts are not evergreen and the fixed 
price ends on the last day of the contract.  The more 
important answer to this question… if you simply ask 
the incumbent supplier for a new contract, chances are 
you will be paying a premium for that.  The supplier 
will know that you are not working with a consultant to 
negotiate better pricing for you, thus they don’t have to 
sharpen their pencil.  

But I like my current energy supplier, why should I leave?  
We are not recommending that you automatically 
leave that supplier.  We will include that supplier in 
our negotiations and thus be sure that the supplier’s fee 
is not just increasing at your expense.  In our renewal 
negotiations often the incumbent supplier does not want 
to lose your business either and they will sharpen their 
pencil that much more if they know they are competing 
for your business.  

What happens if my contract expires prior to me getting 
a new one? 

Should this happen, chances are you will be converted 
to what the industry calls a Market Based Rate (MBR).  
What this means is that your current supplier is able to 
charge you a variable rate subject to market fluctuations 
indefinitely, or until you ask to be reverted back to the 
utility, or you enter into a new contract.  Often times what 
we are seeing is that the price on the subsequent months 
are close to what you were paying previously and you 
may not even realize your contract had expired.  Then 
when you least expect it, your price per kWh may double 
or triple.  Keep in mind these bills come after you have 
consumed the energy, so you have little to no recourse.

What do I need to provide to APPI Energy to begin the 
renewal process?  

Renewing just requires a full copy of your most recent 
electric bill and a signed copy of a Utility Usage Request 
Form (UURF).  Renewing will allow you to avoid 
unexpected energy costs, keep budget certainty, and leave 
you with peace of mind when it comes to energy expenses. 

If you want to avoid drastic swings and create budget 
certainty, APPI Energy can assist you in negotiating 
ideal contract terms and pricing that fit your needs, as 
well as, discuss holistic energy solutions that go beyond 
procurement services. You can speak to one of our energy 
consultants at 800-520-6685 or visit www.appienergy.com 
to learn more about our services.  S
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TRAINING SCHEDULE
April 2020

Register for classes at:  WWW.PRWA.COM/STORE
Classes are regularly updated on our website.  Check here for the most up-to-date schedule!

Date Course Contact 
Hours

W/WW/
Both County Instructor Member Non-

Member

4/1/20 #8187 Workplace Safety: Hazardous Energy Control, 
Hazardous Chemical Communication & Fall Protection

6 Both Lancaster B. Spada  $155  $190 

4/2/20 #2823 Membrane Filtration for W & WW Treatment 6 Both Berks T. Long  $95  $130 

4/7/20 #7945 Wastewater Maintenance 5 WW Bucks P. Giunta  $95  $130 

4/7/20 #1830 Pumps 6 Both Lackawanna G. Cowles  $95  $130 

4/8/20 #3610 Asset Management 4 Both Dauphin C. Heister  $95  $130 

4/8/20 #317 Water Leak Detection 4 W Luzerne C. Shutt  $95  $130 

4/9/20 #869 / 8090 Aerobic Digestion / Let’s Clarify Clarifiers 
in Wastewater Treatment

6 WW Blair E. Pietroski  $120  $155 

4/9/20 #1660 How to Develop Wellhead Protection Plans for 
Small Systems

4.5 W Lycoming K. Wagner  $95  $130 

4/9/20 #722 Financial Management Basics for Small Utilities 6 Both Erie J. Opferbeck  $95  $130 

4/15/20 #8249 Wastewater Odor Production and Control 6 WW Fayette M. Gerardi  $195  $230 

4/16/20 #6799/7419 WW Biomass Enhancement & Bioaugmentation 
/ Activated Sludge: Process Control Tests & Parameters

6 WW Franklin M. Gerardi  $195  $230 

4/16/20 #1752 Water Disinfection 6 Both Clarion T. Goehring  $95  $130 

4/16/20 #870 Emergency Response Planning for Small 
Communities

6 Both Westmoreland D. Muir  $95  $130 

4/16/20 #7391 Intermediate Applied Math for Drinking Water 
and Wastewater - Part II

6 Both Indiana W. Malehorn  $95  $130 

4/21/20 #7945 Wastewater Maintenance 5 WW Clearfield P. Giunta  $95  $130 

4/21/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Washington J. Jordan  $95  $130 

4/22/20 #3613 Well Rehab 4 W Beaver N. Mansuy  $95  $130 

4/22/20 #3610 Asset Management 4 Both Bedford C. Heister  $95  $130 

4/23/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Lawrence J. Jordan  $95  $130 

4/23/20 #7391 Intermediate Applied Math for Drinking Water 
and Wastewater - Part II

6 Both Crawford W. Malehorn  $95  $130 

4/28/20 #TBA/1331 SCADA: Remote Data Collection and 
Logging / Distribution System Troubleshooting

up to 6 W Elk Exeter Supply $95 $130

4/28/20 #1830 Pumps 6 Both York G. Cowles  $95  $130 

4/29/20 #TBA/1331 SCADA: Remote Data Collection and 
Logging / Distribution System Troubleshooting

up to 6 W Cumberland Exeter Supply $95 $130

4/30/20 #1660 How to Develop Wellhead Protection Plans for 
Small Systems

4.5 W Chester K. Wagner  $95  $130 

4/30/20 #2952 Securing Drinking Water & Wastewater Treat-
ment Facilities

5 Both Lehigh M. Emery  $115  $150 

4/30/20 #6110 Laboratory & Sampling Basics for Drinking Water 5 W Mercer W. Malehorn  $95  $130 
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April 2020 May 2020
Date Course Contact 

Hours
W/WW/

Both County Instructor Member Non-
Member

5/5/20 #7945 Wastewater Maintenance 5 WW Clarion P. Giunta  $95  $130 

5/5/20 #722 Financial Management Basics for Small Utilities 6 Both Tioga J. Opferbeck  $95  $130 

5/6/20 #869 / 8090 Aerobic Digestion / Let’s Clarify Clarifiers 
in Wastewater Treatment

6 WW York E. Pietroski $120 $155

5/7/20 #8187 Workplace Safety: Hazardous Energy Control, 
Hazardous Chemical Communication & Fall Protection

6 Both Lackawanna B. Spada  $155  $190 

5/12/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Carbon J. Jordan  $95  $130 

5/12/20 #1830 Pumps 6 Both Centre G. Cowles  $95  $130 

5/12/20 #7199 Preventing Major Events at  Water & WW 
Systems through Good Practices

6 Both Luzerne M. Harrington  $120  $155 

5/13/20 #870 Emergency Response Planning for Small 
Communities

6 Both Blair D. Muir  $95  $130 

5/13/20 #3610 Asset Management 4 Both Clearfield C. Heister  $95  $130 

5/13/20 #2823 Membrane Filtration for W & WW Treatment 6 Both Cumberland T. Long  $95  $130 

5/13/20 #7200 Screening Water & Wastewater Systems for 
Safety, Security, and Toxicity

6 Both Luzerne M. Harrington  $120  $155 

5/14/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Bucks J. Jordan  $95  $130 

5/14/20 #1752 Water Disinfection 6 Both Mercer T. Goehring  $95  $130 

5/14/20 #1660 How to Develop Wellhead Protection Plans for 
Small Systems

4.5 W Northampton K. Wagner  $95  $130 

5/14/20 #6110 Laboratory & Sampling Basics for Drinking Water 5 W Warren W. Malehorn  $95  $130 

5/19/20 #1830 Pumps 6 Both Armstrong G. Cowles  $95  $130 

5/19/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Lancaster J. Jordan  $95  $130 

5/19/20 #7945 Wastewater Maintenance 5 WW Washington P. Giunta  $95  $130 

5/20/20 #317 Water Leak Detection 4 W Montgomery C. Shutt  $95  $130 

5/20/20 #2952 Securing Drinking W & WW Treatment Facilities 5 Both Fayette M. Emery  $115  $150 

5/20/20 #3610 Asset Management 4 Both Lycoming C. Heister  $95  $130 

5/20/20 #8249 Wastewater Odor Production and Control 6 WW Schuylkill M. Gerardi  $195  $230 

5/21/20 #6799/7419 WW Biomass Enhancement and Bioaugmentation 
/ Activated Sludge: Process Control Tests & Parameters

6 WW Lehigh M. Gerardi  $195  $230 

5/21/20 #1660 How to Develop Wellhead Protection Plans for 
Small Systems

4.5 W Bedford K. Wagner  $95  $130 

5/21/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Franklin J. Jordan  $95  $130 

5/21/20 #7391 Intermediate Applied Math for Drinking Water 
and Wastewater - Part II

6 Both Beaver W. Malehorn  $95  $130 

5/28/20 #6110 Laboratory and Sampling Basics for Drinking 
Water

5 W Snyder W. Malehorn  $95  $130 

TRAINING SCHEDULE
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TRAINING SCHEDULE
June 2020

Schedule is Subject to Change

Search: PaRuralWater  to stay up to 
date on all classes & events!

Date Course Contact 
Hours

W/WW/
Both County Instructor Member Non-

Member

6/2/20 #8187 Workplace Safety: Hazardous Energy Control, 
Hazardous Chemical Communication & Fall Protection

6 Both Indiana B. Spada  $155  $190 

6/2/20 #6970 Laboratory Skills For W & WW Operators 6.5 Both Westmoreland A. Rossman  $195  $230 

6/2/20 #2823 Membrane Filtration for W & WW Treatment 6 Both Mercer T. Long  $95  $130 

6/3/20 #4125 Process Instrumentation Verification for W & WW 6 Both Westmoreland A. Rossman  $195  $230 

6/4/20 #722 Financial Management Basics for Small Utilities 6 Both York J. Opferbeck  $95  $130 

6/4/20 #869 / 8090 Aerobic Digestion / Let’s Clarify Clarifiers 
in Wastewater Treatment

6 WW Beaver E. Pietroski  $120  $155 

6/9/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Bedford J. Jordan  $95  $130 

6/9/20 #1830 Pumps 6 Both Berks G. Cowles  $95  $130 

6/9/20 #317 Water Leak Detection 4 W Fayette C. Shutt  $95  $130 

6/9/20 #6110 Laboratory & Sampling Basics for Drinking Water 5 W Clarion W. Malehorn  $95  $130 

6/10/20 #870 Emergency Response Planning for Small 
Communities

6 Both Adams D. Muir  $95  $130 

6/10/20 #3613 Well Rehab 4 W Venango N. Mansuy  $95  $130 

6/10/20 #3610 Asset Management 4 Both Washington C. Heister  $95  $130 

6/10/20 #8249 Wastewater Odor Production and Control 6 WW Snyder M. Gerardi  $195  $230 

6/11/20 #6799/7419 WW Biomass Enhancement and Bioaugmentation 
/ Activated Sludge: Process Control Tests & Parameters

6 WW Chester M. Gerardi  $195  $230 

6/11/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Armstrong J. Jordan  $95  $130 

6/11/20 #1752 Water Disinfection 6 Both Clearfield T. Goehring  $95  $130 

6/23/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Lackawanna J. Jordan  $95  $130 

6/23/20 #7945 Wastewater Maintenance 5 WW Luzerne P. Giunta  $95  $130 

6/24/20 #TBA/1331 SCADA: Remote Data Collection and 
Logging / Distribution System Troubleshooting

up to 6 W Wayne Exeter Supply $95 $130

6/24/20 #2952 Securing Drinking W & WW Treatment Facilities 5 Both Lancaster M. Emery  $115  $150 

6/25/20 #7391 Intermediate Applied Math for Drinking Water 
and Wastewater - Part II

6 Both Centre W. Malehorn  $95  $130 

6/25/20 #1660 How to Develop Wellhead Protection Plans for 
Small Systems

4.5 W Erie K. Wagner  $95  $130 

6/25/20 #1330 Calculating Chemical Dosages for Water & 
Wastewater Applications

6 Both Lycoming J. Jordan  $95  $130 
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Watch Out for the Latest Tax Scam

By Trevor Buxton 
Certified Fraud Examiner & Fraud Communications Manager, PNC Bank

Tax preparers are being targeted. Here’s what you need 
to know.

Criminals take advantage of every opportunity to prey 
on unsuspecting individuals, and tax filing season is no 
exception. Tax refund identity theft happens when bad 
actors get their hands on your personal information, such 
as your name, date of birth and/or Social Security number 
that they then use to file a fraudulent tax return and obtain 
a refund. One of the easiest ways to help prevent this is to 
file your tax return early – before an identity thief has the 
chance to file a fake one. 

“Over the past few years, the IRS (Internal Revenue 
Service) has rolled out additional safeguards to protect 
filers against identity theft. While there are safeguards in 
place, taxpayers should be aware that tax refund identity 
theft is still possible and criminals are getting more creative 
in the ways they go about it,” says Trevor Buxton, fraud 
communications manager and Certified Fraud Examiner 
with PNC Bank. 

As the IRS cracks down, bad actors are finding new ways 
to try to steal your data and claim your refund, and they’re 
increasingly targeting tax preparers too. We asked Buxton 
what filers need to know to help protect themselves this tax 
season.   

How frequently do tax preparers get hacked?
Hacking tax preparers has increased over the past year 

or so. This could be a result of the IRS strengthening 
their vetting process to detect bogus tax returns, which 
may be prompting the bad guys to turn their attention to 
tax preparers. By doing so, they can attempt to get all of 
the information they need to file a fraudulent return that 
will pass the higher scrutiny now being applied to tax 
submissions. 

Are there precautions I can take to prevent this from 
happening?

The simple answer is no, but things like filing your taxes 
early and being selective about the preparer you choose 
can help minimize your risk. It’s always important to do 
your homework on an accountant and to feel completely 
comfortable with them before turning over your valuable 
information, but it’s particularly important now that tax 
preparers are increasingly being targeted. You also should 
be familiar with their security practices. Even if you have a 
longstanding relationship with a tax preparer, it’s smart to 
apply a little extra scrutiny as you engage with them. Ask 

your tax preparer if their firm has ever been hacked and 
what security measures they have in place to prevent fraud 
and theft. Things like virus and malware scanning software 
and VPN use can go a long way toward protecting client 
information. Employees should be thoroughly trained on 
security protocol and should know, for example, not to 
click on links or open attachments from unknown emailers 
who may be posing as prospective clients or the IRS.

What should I do if my tax preparer has been hacked?
If you’re a taxpayer and you notice a refund you weren’t 

expecting in your bank account, this is a clue you might 
be victim of tax fraud. This will typically be followed by a 
call to let you know that it was deposited accidentally and 
to transfer to an account posing as the IRS. The first step 
is to notify your bank. You will probably need to close the 
account since the bad guys now have your bank account 
information. The second thing to do is to contact the IRS to 
let them know you suspect you’re a victim of fraud. Finally, 
if you haven’t been in contact with your tax preparer, you 
should contact his or her office to let them know their data 
might have been compromised.

How can I minimize the damage if my tax preparer has 
been hacked?

It’s smart to take a few initial precautions when you’re a 
victim of a data breach. If you have been a victim of tax fraud 
specifically, the IRS will mail you an Identity Protection 
PIN that is refreshed every year. The IRS will only accept 
returns for those people with that PIN on it, so if you have 
been victimized, you need to protect that number. This 
system, however, is not foolproof. If fraudsters have your 
personal information, they can contact the IRS to get the 
PIN refreshed. If you are expecting to receive a PIN and 
haven’t, there’s a chance it was intercepted. Contact the IRS 
to check on the status and notify them you haven’t received 
your PIN yet.  S
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Farewell
By Penny McCoy

“How lucky I am to have had something that 
makes saying goodbye so hard.” 

-A.A. Milne (Winnie-the-Pooh)
In the first article I ever wrote for the Keystone Tap I 

wrote:
When I was a little girl I use to skip down the sidewalk in 

front of my house singing,
“Over the river and through the woods to Grandmothers 

house we go. The horse knows the way to carry the sleigh 
through the white and drifting snow.”

Well, after working for PRWA for just short of 20 years 
now, I have discovered that every day was like going on 
an adventure and frequently, it took me over the river and 
through the woods. I have been over, under, around and 
through, every mountain range in the state of Pennsylvania, 
and my timing has somewhat resembled that of a small girl 
(let that one pass), except a small girl wouldn’t have bought 
shoes in every county of the state.

I have seen the National Forests in the glory of fall and 
early winter and been awed. I have been to places that our 
forefathers must have had a wonderful sense of humor 
to name: such as Blue Ball, Dogpatch, Intercourse and 
Puttsville.

I have also had some unique experiences and learned 
many valuable and some not so valuable lessons. Many 
of these lessons I will carry with me the rest of my life. I 
have been so lucky it sometimes amazes me. I never in my 
wildest dreams imagined the opportunities given me and 
the friendships I would acquire.

I have met and been helped by some of the nicest people 
in this industry and I have loved every minute of it. I admire 
and respect the hard work and dedication that every one 
of them shows daily, as they try to protect the health and 
welfare of their customers and systems. 

I have been blessed to work with the greatest staff ever 
assembled. Their dedication and knowledge to and of 
this industry knows no bounds, I will miss them and am 
grateful to them more than words can express. 

Thank you to everyone who has contributed to this 
adventure, as Jerome Bettis put it “It’s been an incredible 
ride. My mission is accomplished. With that, I have to bid 
farewell."  S
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"I Think I Have a Conflict" - Now What?
By Scott Wyland

An authority member realizes his father-in-law is a 
subcontractor on a project and the authority is about to 
award the contract for that project.  A Township supervisor 
is about to vote to extend public sewer to an existing 
neighborhood and recalls that his brother owns a lot there.  
Once a public official identifies a conflict of interest may 
exist, what happens next?  Most elected and appointed 
officials turn to their Solicitors to ask for help.  You can plan 
for these situations and be ready next time.  Newly elected 
and appointed officials should become versed in the rules 
that govern their conduct in meetings.  Even experienced 
officials may need to brush up on the rules governing 
their public conduct.  All should strive to avoid potential 
penalties.  The public is often watching closely as well and 
may recognize irregularities in proceedings even when the 
participants do not.  

Before we get underway, please understand that each 
situation is different, and you really should discuss the issue 
of a possible conflict with your Solicitor.  For reasons we are 
about to see, have that discussion well before the meeting 
at which the vote is to be taken.  That way everyone is 
prepared, and you can take full advantage of the procedures 
available to you.

Do you really have a conflict?  The Pennsylvania Public 
Official and Employee Ethics Act defines “conflict of 
interest” in these terms:

Use by a public official or public employee of the authority 
of his office or employment or any confidential information 
received through his holding public office or employment 
for the private pecuniary benefit of himself, a member of his 
immediate family or a business with which he or a member of 
his immediate family is associated. The term does not include 
an action having a de minimis economic impact or which 
affects to the same degree a class consisting of the general public 
or a subclass consisting of an industry, occupation or other 
group which includes the public official or public employee, a 
member of his immediate family or a business with which he 
or a member of his immediate family is associated.

If you feel you do have or even might have a conflict of 
interest in light of this test, speak with your Solicitor.  Your 
Solicitor is in the best position to help you work through the 
facts and determine what steps to take.  

Assuming you identify a conflict of interest, what do 
you do when it comes time to deliberate and vote?   You 
should refrain from deliberating and abstain from voting.  
But there is more, and here is where some public officials 
need to know in better detail what the law requires of 

them.  If your duties require you to vote on a matter that 
would result in a conflict of interest, you should “publicly 
announce and disclose” the nature of your interest.  Your 
announcement must be issued “as a public record in a 
written memorandum filed with the person responsible for 
recording the minutes.”  But you will be able to do this easily 
because you and the Solicitor discussed it well before the 
meeting and the Solicitor prepared a memorandum for you 
in advance of the meeting and well before the motion was 
made on the matter for which you have a conflict.  Good 
planning!

Can you relax and sit out the vote?  Probably – but it may 
surprise you to know there are two circumstances in which 
the Ethics Act allows you to vote even if you have a conflict.  
And you should understand these two exceptions if you 
hold public office.  

The first happens when, say, three members of a five-
member board abstain due to a conflict of interest.  The 
Ethics Act says:

Whenever a governing body would be unable to take any 
action on a matter before it because the number of members 
of the body required to abstain from voting under the 
provisions of this section makes the majority or other legally 
required vote of approval unattainable, then such members 
shall be permitted to vote if disclosures are made as otherwise 
provided herein.

If enough members abstain, such that if all the remaining 
non-conflicted voting members vote yes, and they cannot 
attain a majority vote, then all conflicted members may 
vote.  Note you still have to publicly announce your conflict 
and file your memorandum.  

Second, if you have a three-member board, as many smaller 
second class townships do, the member with the conflict 
can vote to break a tie vote of the other two members.  The 
public announcements and written memorandum again are 
required.  This exception applies only to a three-member 
board.  On a five-member board, if one member abstains 
due to a conflict and the remaining four members vote two 
in favor and two opposed, the resulting tie means the vote 
fails.  The member with the conflict may not vote to break 
the tie.

Finally, keep in mind that different boards require 
different votes to pass a motion.  For example, on a 
municipal authority, if a majority of the members is present, 
the authority has a quorum and can conduct business.  A 
majority vote of those present can pass a motion.  However, 
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Scott Wyland is chair of the litigation group 
and managing shareholder of Salzmann Hughes, 
P.C.’s Harrisburg office where he focuses 
on stormwater and nutrient trading issues.

in a second class township, it takes a majority vote of the 
entire board, counting even those absent, to pass a motion.  

Imagine two five-member boards, one municipal 
authority and one second class township.  If three members 
appear at a meeting, and two are absent, both boards have a 
quorum with only three members and can conduct business.  
Imagine a motion is made in each meeting, and the vote is 
two in favor and one opposed.  In the case of an authority, 
the motion passes because a majority of those present voted 
in favor.  In the second class township the same motion fails, 
because only two of the five supervisors voted in favor and 
a majority of the entire board is required, even if not all are 
present.

One more word about municipal authorities and conflicts 
of interest – beyond the Ethics Act, the Municipality 
Authorities Act has a special provision that bears extra 
focus.  Section 5614(e) states that: 

No member of the authority or officer or employee of 
the authority may directly or indirectly be a party to or be 
interested in any contract or agreement with the authority 
if the contract or agreement establishes liability against or 
indebtedness of the authority. Any contract or agreement 
made in violation of this subsection is void, and no action 
may be maintained on the agreement against the authority.

Accordingly, if an authority is planning to award a contract 
to a company, and an authority member is an owner of the 
company, that authority member has a conflict of interest 
under the Ethics Act and may not vote on the contract.  One 
might think the member can announce his or her conflict, 
file a memorandum, and abstain from voting.  Those 
actions satisfy the requirements of the Ethics Act.  However, 
the Authorities Act also provides that no member can be a 
party or be interested in an agreement with the authority.  
If the balance of the authority board awards the contract to 
the abstaining member’s business, the contract is void.  

If you serve your community, take the time to read the 
governing statute and the Ethics Act and speak with your 
Solicitor about how to handle potential conflicts of interest.  
When meeting time comes, you will be fully prepared to 
carry out your duties correctly and help your community 
run more smoothly.   S
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Eight Reasons Why It's Time to Reconsider Mapping Your System
By Jason Opferbeck

If it has been a few years since you looked at mapping, it 
might be a good time to look again.  What follows are eight 
reasons why more systems than ever before are adopting 
GIS technology.

1. You are going to retire someday:  GIS is a great tool 
for cataloging the thousand things you know, that could be 
lost forever.  This information is a lot more than just the 
locations of lines and buried valves.  It includes little details 
like, “that valve at the bottom of the hill is broken in the on 
position”.  Or “you need a special tool to remove the meter 
at 301 Main St”.  Having a single place for everyone to record 
notes and pictures is invaluable for retaining knowledge as 
your people change.

2. Doing Locates: In a recent survey of several rural water 
systems, people were asked what they use their GIS for.  The 
number one answer was “doing locates”.  When called out 
to mark the location of sewer and water lines you just pull 
up your map on your phone or tablet and with the help of 
the background aerial photography, or your phone’s GPS, 
you can quickly see which side of the road the lines are on 
plus the material and size. You will still have to use your 
underground detection devices, but the new GIS locating 
systems will help you pinpoint your search area.  

3. Start A Valve Exercising Program: Another common 
response to the same survey was people saying that they 
finally started a valve exercising or hydrant flushing 
program once they had a GIS because now their guys had a 
place to keep track of where they had worked. The program 
can show water main direction of flow and log maintenance 
records for the hydrants.

4. Easier to use: I have been a fan of GIS for quite some 
time, but until recently I have always been a little hesitant 
to promote it to everyone because of it’s complexity.  Some 
of the operators I know wear so many hats that they don’t 
have time to become an expert at some new technology.  But 
while we weren’t watching, GIS software has gotten easier to 
use as industry specific applications are popping up.  One 
that I like is Diamond Maps (diamondmaps.com).  Newer 
GIS software applications, like this one, are piggy backing 
off from familiar technologies like Google Maps.  And the 
web-based GIS solutions don’t even require you to install or 
backup anything.  You just log in from any computer, tablet, 
or phone.  

5. Less Expensive: Up until recent years it was unlikely you 
could adopt GIS without paying tens of thousands of dollars 
up-front for software alone.  Now many GIS applications 
are sold for a small subscription as low as $20/month with 

no up-front purchase price. As for hardware, many are just 
using the phone or PC they already have.  

6. Take Control: Many of these advances have moved the 
control of GIS from the engineer’s desk to where it belongs 
in the hands of the water and sewer operators.  Now when 
you dig up a line and discover that the map had it in the 
wrong place, you just change it right there in the field and 
instantly everyone else’s maps are updated.  Before you 
might have turned in a change request and waiting for an 
update on next year’s map.

7. Streamline Funding: It is much easier to make your 
case for grants and loans when you can demonstrate that 
you know the current state of your system.  Your GIS can 
put you ahead of other systems who are competing for those 
same dollars by demonstrating that you know what you are 
going spend it on.  

8. Help Is Available: As in years past, PRWA is offering a 
mapping service.  For a reasonable charge, and with your help, 
we can GPS map your water or wastewater system and set 
you up with a turn key GIS.  If you are interested in knowing 
more or want to get on the schedule for 2020 contact Mike 
Emery, GIS Specialist at memery@prwa.com. S

Jason Opferbeck
Jason is President & Owner of RAFA Systems, 

Inc. which specializes in manufacturing remote 
control, monitoring, and communications 

systems for water & wastewater facilities, along 
with a simplified GIS & asset management 

system that ties it all together.



Mapping 
Solutions

Whether you're looking for a custom map of your assets or an easy database 
system, PRWA is your solution!

Diamond Maps is a cloud based GIS designed for sewer and water 
systems to help them keep track of their infrastructure.

Those starting from scratch love how easy it is to plot valve 
locations and draw pipes on the rich Google imagery backdrop.  
Existing GIS users move their data to Diamond Maps because they 
love how their team can all manage pictures and notes.  Users can 
edit the map from any phone, tablet or PC.

Best of  all it costs just $19/month*!
*$19/month for one user.  Unlimited users are determined by each municipality. 

On The Go!  
o Access your map anywhere with 

an internet connection.
o Runs in your browser on any 

phone, tablet or computer.
o Nothing to install or back up.
o New data entered by any one 

person is instantly available to all 
users in your account.

Whether you’re looking for a custom map of your assets or an easy 
database system, PRWA is your solution! 

800-653-7792  |  F: 814-353-9341
138 West Bishop Street, Bellefonte PA 16823

WWW.PRWA.COM

Work Orders
o Work orders allow municipalities to organize and maintain repairs, routine 

tasks and special projects.
o A history is maintained for the ability to export a spreadsheet of all past 

and current work orders.  Orders can be set to reoccurring so they can be 
completed each day, week, month, or year.

o Employees can receive and complete work orders on mobile phones or 
tablets.

o Work orders allow you to assign each task to a specific employee. 
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Legislative Update

By Erik Ross 
Associate, Millirion & Goodman Government Relations, Inc.

Safety and Marking of Low-Head Dams

Forty-nine individuals have lost their lives in dam-related 
boating accidents since 1989. Most of these accidents take 
place near low head dams – small, private or municipally-
owned structures that span the entire width of a waterway. 
There are over 300 of these dams across the Commonwealth, 
many originally constructed to support a local mill or factory 
and are now obsolete. 

Boaters are often caught in the dangerous hydraulic 
boil behind the structure, which is often referred to as a 
“drowning machine.” You may remember the tragic incident 
in 2018 at the Dock Street Dam in Harrisburg, when a 
mother and daughter tragically drowned after their boat ran 
into the base of the dam and capsized.

The Pennsylvania Fish and Boat Commission (PFBC) is 
charged with ensuring low head dams are properly marked 
both upstream and downstream with signage and buoys. 
Currently, the only way to enforce these provisions is through 
a civil process, which is prolonged, costly and often ineffective.  

Under current law, failure to mark new and existing run-
of-the river dams is a civil penalty of not less than $500 nor 
more than $5,000.  The penalty shall be recovered by civil 
suit or process in the name of the Commonwealth.  

On January 15, 2020, Rep. Keith Gillespie’s (R-York) House 
Bill 1003 unanimously passed the Pennsylvania House 
of Representatives to change the current civil process to a 
criminal process.

Specifically, House Bill 1003 (Gillespie-R) amends Title 30 
(Fish) to allow the PFBC to directly issue citations to owners 
who fail to mark their dams. It also amends the definition of 
run-of-the-river dam.

Moreover, it requires/enforces the marking of new and 
existing “run-of-the-river” dams above and below the dam 
and on the banks immediately adjacent to the dam with 
signs and buoys.  The signs and buoys are of a design and 
content determined by the PFBC to warn the swimming, 
fishing and boating public of the hazards posed by the dam. 

Using the grading of offenses in § 923, any person who 
fails to mark new or existing run-of-the river dams commits 
a summary offense of the first degree ($250 fine) for the 
first offense and a misdemeanor of the third degree ($250 to 
$5,000 fine).

Similarly, with respect to maintenance of signs and buoys, 
any person who fails to comply commits a summary offense of 
the second degree ($150) for the first offense and a summary 
offense of the first degree ($250) for any subsequent offense.

The bill was amended on the House floor to clarify that 
the provisions of 18 Pa.C.S. (relating to crimes and offenses) 
and section 923 (relating to classification of offenses and 
penalties), insofar as they relate to imprisonment for 
convictions of summary and misdemeanor offenses, are not 
applicable to this section.   

Finally, the definition of “Run-of-the-river dam” is also 
being revised under this proposal.   The revised definition 
would still apply to a dam regulated by the Pennsylvania 
Department of Environmental Protection (DEP) but is 
amended to say built across a “watercourse and certain flows 
pass” over the entire dam structure, excluding abutments, to 
a natural channel downstream.  It also adds the caveat that 
DEP determines the dam to have hydraulic characteristics 
such that at certain flows persons may be caught in the 
hydraulic roller (boil) immediately below the dam.

This legislation now goes before the Senate of Pennsylvania 
for its consideration.  We expect Senate consideration of 
House Bill 1003 this coming Spring.

Please be assured that Milliron & Goodman will keep you 
apprised of any further activity on this legislation.  S
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Safety Knowledge Check
By Wendy Malehorn

At 3:00 p.m. on May 8, 2019, Employee #1 and Coworker 
#1, employed by a company that provided water tank 
repair and maintenance services, and Coworker #2, the 
company’s owner, were cleaning the inside of a water tank. 
Coworker #2 was operating a pressure washer and washing 
the tank’s sides to remove sediment. Employee #1 and 
Coworker #1 were pushing water from the pressure washer 
to a drain. The owner instructed Employee #1 to climb out 
of the tank and turn off the pressure washer. As Employee 
#1 climbed a ladder inside the tank, he fell, a fall height of 
approximately 30 feet, and struck his head on the tank’s 
concrete floor. Emergency services transported Employee 
#1 to the hospital, where he died that day from traumatic 
brain injury and subarachnoid hemorrhage.

Source:  OSHA Accident: 116654.015 - Employee Dies 
After Falling Inside Water Tank

Nothing speaks better about workplace hazards than 
real life.  In the water treatment industry, we must work to 
reduce employee illnesses and injuries.  For the well-being 
of employees and employers, everyone must have a strong 
commitment to safety; next a safety plan must be developed; 
lastly, everyone must work to fulfill that commitment using 
a maintained safety plan. Regular safety talks and training 
help.  To start off, how about a safety knowledge check? 

1. Shoring must protrude ________ above the top of 
the excavation.
a. 3 feet
b. 24 inches
c. 18 inches
d. 1 foot

2. In a trench deep enough to require a ladder(s), the 
worker must not be required to travel more than 
_______ to get to the ladder.
a. 3 feet
b. 25 feet
c. 10 feet
d. 18 inches

3. Keep surcharge loads at least ______ from trench 
edges.
a. 10 inches
b. 18 inches

c. 2 feet
d. 4 feet

4. Before any excavation can be done, systems must 
notify:
a. PA One Call
b. PA Department of Environmental Protection
c. PA State Police
d. PA Department of Labor

5. Important considerations when reviewing the plans 
for a lift station include:
a. Access
b. Industrial Development
c. Trench Soil Conditions
d. Nothing
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6. Forced air ventilation is required for all chlorine 

storage and feed rooms.  The exhaust fan should be 
located:
a. In the ceiling
b. Near the floor
c. Just above the injector
d. Wherever it is convenient to place it

7. Forced air ventilation is required for all chlorine 
storage and feed rooms.  The system should be 
capable of replacing all air in the room within:
a. 10 minutes
b. 5 minutes
c. 4 minutes
d. 3 minutes

8. Potential point of leaks can occur anywhere in a 
pressurized supply of chlorine, including connections 
and piping joints, cylinders or containers and feed 
equipment.  Small leaks can be indicated by:
a. Spraying all connections and joints with dish 

soap and looking for bubbles.
b. Looking for white fumes after squeezing a bottle 

filled with ammonia around all connections 
and joints.

c. Listening for the chlorine leak detection 
equipment to alarm.

d. Calling for leak detection services provided by a 
reputable company.

9. Where should the self-contained breathing apparatus 
be located?
a. Inside the chlorine feed room
b. Near the door outside of the chlorine feed room
c. In the manager’s office
d. In the first-aid room

10. The fusible plug on a 100-pound cylinder will melt at 
a. 120°F
b. 136°F
c. 158°F
d. 170°F

11. A lockout device is a device that positively prevents a 
machine from being:
a. Started up

b. Becoming electrically energized
c.  Turned on
d.  All of the above

12. What is the first step to take for returning equipment 
to service after repair work has been completed?
a. Remove locks and tags from the equipment 
b. Inform affected employees the work has been 

completed
c. Remove all tools and materials from the 

immediate area
d. Contacting supervisor

13. You may be affected by hazardous noise if you 
_______________. 
a. Have trouble hearing a coworker an arm’s 

length away 
b. Do not have trouble hearing a coworker any 

distance away 
c. Do not hear ringing or humming in your ears 

when you leave work 
d. Do not experience hearing loss when leaving 

work

14. ________________ recommends using two forms 
of hearing protection together if exposure exceeds 
100 dB TWA. 
a. PEC 
b. OSHA 
c. NIOSH 
d. ANSI

15. Earmuffs and ________________ are two common 
types of hearing protection. 
a. Earplugs 
b. Gloves 
c. Face shields 
d. Respirators

16. _______________ cause/causes the most deaths in 
excavations.
a. Underground utilities 
b. Water accumulation 
c. Cave ins 
d. Heavy equipment

Continued on Next Page
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17. Hazards that must be tested for in a confined space: 

a. Oxygen content 
b. Combustible
c. Toxic gases 
d. All of the above

18. Acceptable oxygen levels for confined space entry 
are:
a. 16.5% to 18.5%
b. 18% to 19.5%
c. 19.5% and 23.5%
d. 24.5% to 28.5%

19. According to the U. S. Department of Labor, Slips, 
Trips, and Falls make up the majority of general 
industry accidents.
a. 15% of accidental deaths are caused by Slips, 

Trips and Falls
b. 10% of accidental deaths are caused by Slips, 

Trips and Falls
c. 5% of accidental deaths are caused by Slips, 

Trips and Falls
d. 2% of accidental deaths are caused by Slips, 

Trips and Falls

20. When you spot a hazard, what is the best way to 
respond? 
a. Fix it right away if you can do so safely 
b. Make a work order
c. Ignore it until someone else fixes it 
d. Put it on your list of things to fix or report later

Classic statement – this system doesn’t have to follow 
OSHA.  Cringe worthy.  Horrifying.  The end goal of safety 
regulations is to make sure everyone goes home safe at the 
end of every day.  Following OSHA regulations is the best 
way to achieve that goal.  If that isn’t inspiration enough, 
imagine co-workers delivering the news to loved ones that 
there was an accident.  A serious accident.  Enough said?  S

Continued on from Previous Page

Wendy Malehorn
Training & Education 

Development 
wmalehorn@prwa.com

ANSWERS TO THESE QUESTIONS CAN BE 
FOUND ON PAGE 52.
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Things You Should Know About Plant Safety
By Wendy Malehorn

Case Study #1:  An employee was in the process of 
locating an underground water line. A trench had been dug 
approximately 4 feet deep alongside a brick wall 7 feet high 
and 5 feet long. The brick wall collapsed onto the victim 
who was standing in the trench. The injuries were fatal. 

Source:  OSHA Fatal Facts Accident Summary No 59
Case Study #2:  On November 15, 2012, Employee #1 and 

his coworkers were installing a bar screen in the bottom of 
a 15-ft, 3-ft deep pit where wastewater is separated from 
solid waste prior to entering the treatment plant. The 
employee was replacing a sluice gate handed to him by a 
coworker, in a trough of the water channel. The water in the 
channel ran between the blades of the grinder that is used 
to grind up the solid waste. As the coworker handed the 
gate to the employee, he stepped back and stepped into the 
trough through an opening in the metal grate walkway, and 
came in contacted with the rotating blades of the Muffin 
Monster. The rotating blade grabbed his foot and began to 
pull him into the machine. There was no emergency cut off 
at the bottom of the pit, the machine was not guarded, and 
the rotating blades were not guarded against contact. The 
machine began to drag Employee #1 into the blades. The 
coworkers that were working at the top of the pit turned the 
machine off. The employee was transported to a medical 
facility, where approximately 90 percent of Employee #1’s 
right foot was amputated.

Source:  OSHA Accident: 200361020 - Employee Injures 
Foot In Rotating Grinder

Most communities have water and wastewater treatment 
facilities.  However, their existence is pretty low key and 
their workforce might be unknown.  Unless of course 
something goes wrong; like low-pressure sets in and the 
wind blows in the right direction.  At that point, the aroma 
wafting into public spaces can cause the neighbors to take 
notice.  What the public does not know is foul odor is only 
a hint of the hazards treatment operators encounter.

Treatment personnel encounter a great deal of real hazards.  
The potential for slips, trips and falls is real.  Acute dangers 
of gas asphyxiation seem dramatic, but deaths from exposure 
are well documented.  Confined space safety is a way of life.  
Every day, water treatment workers face real occupational risks.  
Work-related afflictions vary from minor injuries like sprained 
ankles and pulled muscles to more serious ailments like lung 
infections, blindness, and even death.  Realistically, the risk 
associated with working in water treatment may be higher than 
the industry cares to admit.  However, the consequences of 
inaction or negligence by management can be severe.

Faced with these harsh realities, it is obvious every system 
should have a comprehensive safety and health program.  
The components of the program should include:

• A Philosophy – Stating that an environment will 
be provided where accidents are rare, workers are 
respected and injured or ill workers are rendered 
special considerations.

• A Commitment – Showing that management is 
involved and concerned about employee safety.

• Written Policies – Rules, regulations that are 
constantly reviewed and shared with employees.

• Safety Objectives – Measurable with completion 
dates.

• Safety Supervision – When hazardous conditions 
exists or an employee is performing in an unsafe 
manner, correction action should be taken by 
anyone who observes it.

• Safety Training – To avoid mistakes, education is 
necessary and must be continual.

• Accident and Incident Report – Notice of Injury or 
Accident Reports should be completed.

Implementing and maintaining a consistent safety 
strategy is necessary to maintain a safe work environment.  
A good safety program pays if everyone believes in the 
program and has the conviction that accidents can be 
prevented.  An ounce of prevention really is worth a pound 
of cure.  Unfortunately, protecting workers from all dangers 
is not as easy as simply writing a quick safety program.  
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The program could include:
• A response plan that takes into account all types 

of risks. This will seem like mission impossible.  
Really there are that many risks.  The short list 
might include exposure to chemicals, disease and 
weather. The handling, transportation, and storage 
of materials. The possibility of falls, slips, and other 
injuries.  What to do in the event of overflows 
and spills. Development of lock-out and tag-out 
procedures would fall under your response plan as 
well.

• A comprehensive plan that calls for documenting 
all procedures in every situation. Each step should 
be detailed in chronological order, and address 
who, what, where, when, and how to ensure there 
are no questions left unanswered.

• A safety plan where employees are properly 
trained. In addition to these criteria, the plan should 
be practiced on a consistent basis. Policies and 
procedures should be regularly reviewed in detail. 
Don’t forget to introduce newly hired employees to 
the plan.

• A detailed list of where to keep the plan visible. 
Response plan procedures should be posted 
throughout the facility so that the information is 
easily accessible.  This will also serve as a constant 
reminder.

• The proper use of all personal protective equipment 
(PPE) for all tasks employees encounter in the 
plant, the lab and in the field.  Handing employees 
PPE will not protect them from all dangers.  For 
example, protecting workers from the dangers of 
gas hazards is not as easy as simply purchasing a gas 
detector and sending them to the closest confined 
space.  The harsh reality – if workers do not use 
monitors properly, do not understand how their 
monitors work, or do not know how to react to 
the readings, gas detection devices will not be very 
effective.

• How visitors must follow all safety procedures. 
Know that they may not be familiar with safety 
procedures or even aware of the potential hazards. 
To that end, a brief discussion of the basics will 
suffice. Make sure visitors are always escorted by a 
qualified employee during the visit.

• Who is in charge of executing the safety program. 
This ensures that there is no question about who is 
responsible. 

The water treatment industry is hazardous.  To 
ensure employees go home safely every day, systems 
should establish safety procedures and programs. Topics 
covered may include confined-space entry, lockout/

tagout and personal protective equipment.  All topics are 
equally important and procedures can provide methods 
of defense against multiple life-threatening conditions.  
The Occupational Safety and Health Administration 
(OSHA) was created to ensure safe and healthful working 
conditions for men and women by setting and enforcing 
standards and by providing training, outreach, education 
and assistance.  Regardless of regulatory requirements, 
these standards should be used by all systems. For example, 
excavation and trenching are among the most hazardous 
duties of operators.  OSHA standards define excavation and 
trenching, details the dangers, list protection devices and 
systems, requires a competent person, determines when 
egress is necessary and provides basic rules.  The OSHA 
Trenching and Excavation Fact Sheet provides an excellent 
summary (located on page 22).

Personnel at water treatment systems can encounter all 
types of hazards.  Developing written safety guidelines that 
are specific to the worksite is critical.  Management should 
create a safety culture and strive to not only provide written 
guidelines but also provide training and ensure procedures 
are followed.  S

Wendy Malehorn
Training & Education 

Development 
wmalehorn@prwa.com



Training | Column 

KEYSTONE TAP SPRING 202022



23SPRING 2020 KEYSTONE TAP

Column | Administration
Emergency Response Plans 
What's the Difference between PADEP's existing requirements and the federal AWIA requirements?
By Patti Kay Wisniewski, US EPA

The 2018 America’s Water Infrastructure Act (AWIA) 
requires Emergency Response Plans (ERP) to include:

• Strategies and resources to improve the resilience 
of the system, including the physical security and 
cybersecurity of the system;

• Plans and procedures that can be implemented, 
and identification of equipment that can be utilized 
in the event of a malevolent act or natural hazard 
that threatens the ability of the community water 
system to deliver safe drinking water;

• Actions, procedures, and equipment which can 
obviate or significantly lessen the impact of a 
malevolent act or natural hazard on the public 
health and the safety and supply of drinking 
water provided to communities and individuals, 
including the development of alternative source 
water options, relocation of water intakes, and 
construction of flood protection barriers; and

• Strategies that can be used to aid in the detection 
of malevolent acts or natural hazards that threaten 
the security or resilience of the system.

Both EPA’s and PADEP’s requirements should be 
viewed as minimum aspects of ERPs.  EPA Region 3 and 
PADEP’s Bureau of Safe Drinking Water collaborated to 
conduct a review of these requirements to determine any 
differences between the two agencies’ requirements.  This 
article highlights the differences to assist community water 
suppliers with enhancing an existing ERP developed under 
the PADEP requirements such that it will comply with the 
AWIA requirements.

Pennsylvania’s community water systems (CWS) should 
be aware that the AWIA requirements are broader than 
the current PADEP requirements.  Below is a list of areas 
not included within the PADEP ERP template, but are 
required by AWIA:

 � ERP distribution list and history of updates 
(highly recommended features)

 � Detection Strategies (such as intrusion alarms, 
cyber threats, online water quality monitoring 
surveillance tools) 

 � Core Procedures which EPA describes as the 
“building blocks” for incident specific response 
procedures, since these apply across a broad 
variety of incidents:

 � Family well-being planning for responders 
and water employees

 � Access related challenges (e.g. road clo-
sures) and options to work around

 � Sampling and analysis plans
 � Incident Command System positions and 

roles, internally and with response part-
ners

 � Physical security* (e.g. actions to be taken 
to secure a facility once an incident has 
occurred)

 � Cyber security* (e.g. actions to be taken 
for added protection during an incident)

* While actions should be taken to harden facilities 
prior to any incident, additional actions may be necessary 
during an incident to further protect physical assets and 
connectivity.  For physical security, this may include such 
things as added access control or lockdown procedures, and 
raising the level of attention to security during an incident.  
These are in addition to the day-to-day procedures.  

As community water suppliers work to comply with 
AWIA’s ERP requirements, please pay attention to these 
areas and ensure these are adequately covered in your plans.  
Nothing prohibits you from having plans that contain more 
information.  Again, both EPA’s and PADEP’s requirements 
should be viewed as minimum aspects of ERPs.  Your plans 
should be comprehensive to meet your specific needs and 
should be exercised on a regular basis and updated based 
on lessons learned from these exercises.  S

Patti Kay Wisniewski, US EPA, is the Drinking Water 
Preparedness and Resilience Coordinator
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The Disinfection Requirements Rule (DDR) & Method 334.0
By Glenn Cowles

As water operators there have been numerous changes 
recently that can seem overpowering at times. One of the 
new requirements I see operators struggling with or not 
even aware of is the Disinfection Requirements Rule (DRR) 
and along with it Method 334.0. 

Pennsylvania sought to establish a chlorine residual 
requirement that is truly detectable and controls microbial 
growth. It was determined that the previous 0.02 mg/L was 
not truly detectable, determining that chlorine analyzers 
cannot accurately read that low.

The Disinfection Requirements Rule (DRR) was published 
in the PA Bulletin on April 28, 2018. The amendments 
are intended to protect public health through a multiple 
barrier approach designed to guard against microbial 
contamination by ensuring the adequacy of treatment 
designed to inactivate microbial pathogens and the integrity 
of drinking water distribution systems. Beginning on April 
29, 2019, the minimum required distribution residual 
level was increased from 0.02 to 0.2 mg/L (free or total 
chlorine depending on the type of disinfectant used). For 
groundwater systems, the 4-log Entry Point requirement of 
>0.40 mg/L or other Permitted levels DID NOT CHANGE.

Systems were required to submit a written sample siting 
plan by October 29, 2018 with representative locations 
specified in the distribution system including dead ends, 
first service connections, finished water storage facilities, 
interconnections with other public water systems,  areas 
of high water age, and areas with previous coliform 
detections. You are required to notify the PA Department 
of Environmental Protection of any subsequent revisions to 
a sample siting plan This DRR sample siting plan was also 
required to be included in the Comprehensive Monitoring 
Plan.

The distribution system presents many challenges. 
Finished water can undergo substantial changes due 
to physical, chemical, and biological reactions in the 
distribution system. To make matters worse, as distribution 
systems age, deterioration including  corrosion, erosion of 
pipe materials, eventual water main breaks, and other areas 
of intrusion create pathways of contamination can occur 
allowing organic matter and microbial contamination. 

Pennsylvania drinking water systems are expected to 
follow Method 334.0 if they use a handheld, benchtop or 
on-line chlorine analyzer for compliance monitoring at both 
the entry point and in the distribution system, monitoring 
used to obtain results for calculating Giardia or virus 
inactivation, or chlorine monitoring required as a permit 

condition. Disinfectant residual is one of the accreditation-
by-rule, or ABR, parameters. All of the requirements for ABR 
parameters also apply to disinfectant residual. 109.304(c) 
of the PA State Code specifies that accreditation by rule 
parameters do not need to be analyzed by an accredited lab, 
but they must be analyzed by a certified operator, a person 
operating under a standard operating procedure from a 
certified operator, or an environmental laboratory.

All community water systems, all nontransient 
noncommunity water systems using chlorine and any 
transient noncommunity water system with a surface water 
source or that use chlorine to achieve 4-log treatment 
of viruses are required to follow Method 334.0. EPA 
Method 334.0 is a quality control protocol for chlorine 
residual monitoring, published by EPA in 2009.  Water 
systems conducting compliance measurements for free 
or total chlorine residual need to ensure both the analysts 
and equipment used are compliant with Method 334.0 
quality control practices.   Method 334.0 is intended for 
use by drinking water facilities for compliance with daily 
monitoring and analysis of residual chlorine (free or total) 
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and serves as a quality control procedure used to ensure 
that results obtained for residual chlorine at drinking water 
systems are accurate and precise.

The PA DEP website has a lot of good information 
on Method 334.0 on their website including tutorial 
videos to guide public water systems through the various 
requirements of Method 334.0 and  instructions for the 
method procedures along with the various forms required. 
Water systems are not required to submit the forms to 
the PA DEP but must have them available if requested 
during an inspection by the Department of Environmental 
Protection. Pennsylvania Rural Water Association is also 
starting a program at specified training classes in the future 
to perform the quarterly analyzer verification once you have 
the Initial Field Sampler Demonstration Capability and 
the    Initial Calibration Verifications for handheld or your 
benchtop analyzers completed for you to take advantage 
of. Watch the PRWA website (prwa.com), future Keystone 
Tap Magazines, and the training schedule for locations and 
dates for when this is being offered.

Changes to Regulations and monitoring/sampling 
requirements can get confusing at times. I urge you to be 
familiar with Chapter 109 of the PA State Code at: http://
www.pacodeandbulletin.gov/Display/pacode?file=/secure/
pacode/data/025/chapter109/chap109toc.html&d=

Along the Method 334.0 page at https://www.dep.
pa.gov/Business/Water/BureauSafeDrinkingWater/
DrinkingWaterMgmt/Pages/Method-334.0.aspx to stay 
informed with these compliance requirements.

 My goal is to keep you in compliance and prevent 
potential violations in the future. And don’t forget your 
Consumer Confidence reports are due to the PA DEP and 
your customers on or before July 1st. If you need any help 
with any of these issues give me a call or drop me an email.  S

Glenn Cowles
Director of Operations  

gcowles@prwa.com
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West Freedom Water 
Association

 West Freedom Water Association is located in southern 
Clarion County serving a population of 250.  With 84 
connections, this system is small and has had a large 
amount of obstacles.  The Association was founded in the 
early 1960’s when a homeowner hooked his own well up to 
two other properties.  The system began to grow from there 
through the years to its current 84 connections.

A long line of operators took care of treating the water 
through the years.  All of which learned water treatment in 
addition to their full time employment elsewhere.  Ashley 
Duffee was hired at West Freedom in 2014 where she 
obtained her license within the first 18 months with the 
company, becoming the first licensed operator for the Water 
Association. She also works at 2 other local water facilities.  

Treatment 
The current and first treatment facility was built in 2002.  

The plant is permitted for .021 MGD. The average daily 
usage for the system is .014 MGD.  West Freedom, up until 
October 2019, was still using the same well for groundwater.  
During a well inspection in June 2018, it was discovered 
that the well was in deplorable condition and under the 
influence of surface water.  Fortunately, after adjusting rates, 
the association could afford the new $55,000 well project.  

West Freedom Water treats with liquid sodium 
hypochlorite for disinfection, potassium permanganate for 
iron and manganese removal, and soda ash (as needed) for 
pH adjustment.

After chemical addition, there is a 515 gallon tank to 
assist in contact time.  New greensand filters were installed 
in 2016 after having failing greensand filters for years.  The 
new $27,000 filters have a media of Greensand Plus and 

were installed by Book and Proch out of New Castle, PA.  
The filters, prior to being new were the main source of 
water quality issues in West Freedom.  They were failing to 
properly filter water resulting in extremely red water.

The backwash waste is discharged in a 6,000 gallon 
holding tank behind the plant. From there the discharge 
water settles before filling a 2,000 gallon clear well and 
being pumped into a stream via an NPDES permit.  Before 
the permit was issued, the backwash water was recycled 
back through the plant for treatment.  Not being ideal for 
filtration this process was changed to discharge the waste 
with a NPDES permit in 2016.

After filtration, the treated water moves through an 
underground 54’x2’ linear contact pipe outside the plant.  
This addition was installed for the Groundwater Rule and 
4-log treatment in 2014. When installed the pipe was placed 
in the ground without the proper thrust blocking.  After 
discovering these issues when the pipe joints separated, 
thrust blocking and restraint fittings were installed in 2016.

Finished Water Storage 
Before the treatment plant, water was pumped to two 

water tanks on top of a hillside on the edge of town with 
an elevation of 1,370 ft.   These tanks provided a combined 
18,000 gallons of finished water storage.  When these tanks 
began to fail, it was clear that new tanks were needed and 
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soon.  From there, new semi buried 20,000 gallon water 
storage tanks were constructed.

The only problem was that funds were very limited at that 
time.  Fortunately, the Clarion County Commissioners were 
kind enough to donate $20,000 to the project as well as an 
anonymous donor in the community who gave $20,000.  
The Association had only a few thousand dollars left to pay 
towards the project after the donations.  The new tanks were 
installed in 2016.  The new storage tanks are two 10,000 
gallon tanks with the ability to be isolated and flushed as 
needed.

The storage tanks operate on a float system which was 
recently updated due to an electrical failure.  The previous 
float system was wired underground up the hill from the 
plant, but in terrible condition and a safety hazard.  In 
August 2019, the floats failed completely and the treatment 
plant manually pumped water to the tanks.  After the new 
well was complete, a new $18,700 remote float system was 
installed with a tank monitoring program available at the 
treatment plant.  From this program, tank level alarms, float 
level set up, pump run time, pump failure, and reservoir 
levels can be monitored and adjusted at the treatment plant. 

Distribution
West Freedom’s distribution system has lines ranging 

from 4” to 1”. All connections are unmetered and pay a flat 
rate for water.   Leaks have always been an issue, but the 
association is currently working on increasing the number 
of isolation valves in the system to help with leak detection.  
There were also very few houses with curb stops, but through 
the past 5 years, many homes have had them installed and 
the association has started to install meters on connections.  
Working with PRWA to detect leaks has helped immensely 
with tactics and strategies for narrowing down leaks in 
the distribution system.  Ashley is the sole employee with 
the water company so she is ultimately responsible for 
distribution issues.  In many cases, the community comes 
together to help hunt for the more difficult leaks.

Financial Difficulties
West Freedom has encountered many setbacks as this 

article shows.  For the majority of the system’s existence 
the funds were not readily available for needed repairs and 
maintenance.  This made tackling needed projects virtually 
impossible.  A rate feasibility study was done to assess West 
Freedom’s water rates and where they should be to cover 
expenses.  After this study and the need for a new well, rates 
increased from $18 a month to $52 a month (unmetered).  
This increase made system improvements possible and 
potable water a reality for West Freedom when the treatment 
facility was failing.

The Future
West Freedom has been able to achieve huge improvements 

in a short amount of time due to the dedication of its Board 
of Directors, Officers, and Water Operator.  Utilizing 
Book and Proch Well Drilling, Bankson Engineering, 
Nittany Engineering, and the help of the PA Department 
of Environmental Protection have made all improvements 
possible.  Currently, the company is working on switching 
the water treatment plant’s heating source from electric to 
gas. Future plans include installing a permanent generator at 
the treatment facility, installation of meters throughout the 
distribution system, and performing routine maintenance.  S
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Nature's Water Purifiers: The "Bugs" In Wastewater Treatment
By Patty O'Donnell, Gazette Contributing Writer

Often in life we take the little things for granted. But 
microorganisms, which are among the world’s smallest 
creatures, are nature’s workhorses. Aquatic ecosystems rely 
on a diversity of organisms to consume organic matter and 
filter impurities from water to maintain healthy habitats. 
Our constructed water purification systems — from 
aquaria and pond filters to municipal wastewater treatment 
facilities — make use of many of the same species to keep 
our water clean and safe.

Organisms responsible for degradation of organic 
materials in natural and human-designed systems are quite 
diverse, including bacteria, unicellular protozoans, ciliates, 
rotifers, amoebas and nematodes. Some are free-floating, 
while others attach their “foot” to substrates.

Each species has its own ecological niche or role within the 
system, but together they function as nature’s decomposers 
and recyclers.

Wastewater treatment is often unappreciated and 
misunderstood. Its purpose is to remove organic pollutants 
from everything that goes down drains and ends up at a 
municipal facility.

This occurs in several steps that mimic natural aquatic 
systems. Primary treatment removes pollutants, and 
involves settling and skimming of solid waste. The by-
product is called “activated sludge,” and is composed of a 
biotic soup of bacteria, protozoa and other microbes called 
“mixed liquor.” (The activated sludge process, developed 
in Britain 100 years ago, arose from work at the Lawrence 
Experiment Station in Massachusetts. This was one of the 
most important contributions to improving environmental 
and public health in the 20th century.) Secondary treatment 
relies on these microbes to eat the remainder of the waste or 
organic material.

The result is effluent or treated wastewater that is clear, 
free of pollutants and safe to be discharged into nearby 
waterways — in our region, that’s the Connecticut River.

Our waste provides the food for the microbes in activated 
sludge. They play a critical role in water purification and 
are thus important contributors to the maintenance of 
public health — not to be taken for granted. Without these 
sophisticated wastewater treatment processes, we would be at 
risk of contracting numerous water-borne infectious diseases.

A healthy sampling of activated sludge looks like dirty, 
brown water — but a closer inspection under a microscope 
reveals a diverse world of micro-biota. I had the opportunity 
to observe these organisms firsthand while teaching a 

Water Cycle program with fifth-grade students in the 
Holyoke Public Schools last school year. I also observed and 
photographed microbes I collected from my pond filter.

My favorites among the multicellular microbes were 
the rotifers, with double wheels of cilia on their heads 
resembling spinning circular saws that created a visible 
current of food particles being drawn into their mouths.

The most challenging to observe were cyclops or copepods 
— miniature crustaceans related to lobsters and crabs. They 
hastily darted away from the light of the microscope stage, 
making capturing their image an exercise in patience! I 
was, however, able to identify the adult and larval forms of 
a copepod known as Nauplius.

The creepiest and largest creatures were the annelid 
(segmented) bristle worms, with hairy, clear bodies 
constantly eating green algae — observable bits moving 
through their bodies with the pulsation of peristalsis — 
and expelled from their posterior, leaving behind a channel 
that marked their progress.

The unicellular protists include amoebas, ciliates and other 
one-celled creatures. Their relentless activity is essential to 
water purification. Amoebas are classified into two groups, 
naked and shelled. The naked amoebas look like amorphous 
blobs of protoplasm, extending their pseudopods as they 
move and engulf food. This movement is actually a response 
to chemicals in the surrounding water.

The shelled or testate amoebas produce sheaths, also 
known as “tests” around their bodies.

These tests are made from internal secretions, or accretion 
of surrounding particles in their environment — similar to 
the way caddisfly larvae encase themselves using objects 
around them as a means of camouflage. The Arcella species 
I observed looked like a slow-moving doughnut, with barely 
perceptible pseudopods. This species is common in waters 
with high concentrations of organic material, and in pond-
bottom sediments.

Stentors are ciliates, once dubbed “trumpet animalcules” 
for a good reason. Their elongated bodies are fluted at the 
anterior end, ringed in beating cilia, which draw food into 
their gullets.

Regardless of their diminutive size, the diversity and 
adaptations of these amazing microbes are mesmerizing. 
All of them play a vital role in the breakdown of organic 
pollution in natural systems, and the biological processing 
of human waste, ensuring the purity of our water supplies 
both for ourselves and other species. So if ever you have the 
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opportunity to peer through the lens of a microscope at a 
drop of water from a biological filter, or a pond, you will not 
be disappointed. Perhaps while you’re at it, you might want 
to say a word of thanks for all the work they do. It’s a small 
world after all!  S

Patty O’Donnell is an environmental educator at the 
Hitchcock Center for the Environment. For more information 
about aquatic microorganisms and to view pictures of them, 
visit these sites: The Micropolitan Museum, Micrographia, 
Microbus.

Earth Matters, written by staff and associates of the 
Hitchcock Center for the Environment at 525 South 
Pleasant St., Amherst, appears every other week. For more 
information, call 413-256-6006, or write to us. 

Article printed with permission from Earth Matters. This 
article appeared on the website of the Hitchcock Center for 
the Environment, Amherst, Mass. and originally published 
in the biweekly column “Earth Matters” in the Daily 
Hampshire Gazette, Northampton, Mass.

Arcella sp. 
Photo by Patty O'Donnell A bristle worm, one of a large class of 

annelid (ringed) worms.  
Photo by Patty O'Donnell

Copepod 
Photo by Patty O'Donnell

Nauplius sp. 
Photo by Patty O'Donnell

Rotifer 
Photo by Patty O'Donnell

Stentor 
Photo by Patty O'Donnell

Mystery 
Do you know what this organism is? 

Photo by Patty O'Donnell
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Western Wayne School District 
Evergreen Elementary School 

Treatment Plant
The Evergreen Elementary School is part of the Western 

Wayne School District which is located in Salem Township, 
Wayne County.  The school serves grades K through 5, has a 
student population of approximately 500 students, 100 staff 
members and was completed in 2011.  The School utilizes 
a Tidal-Flow Wetlands System (TFW) which was designed 
by Aqua Nova Engineering to treat all the wastewater from 
the school.

The Tidal Flow Wetlands System utilizes a solid settling 
tank, equalization basin, 6 Tidal Wetlands cells connected in 
series by integral pump stations and a control system.   Each 
tidal wetland cell is comprised of a watertight basin with a 
bottom drain system covered by engineered media fill with 
vegetation on top.  Pumps in each basin flood and drain 
each wetland cell several times a day. The flood and drain 
system creates the oxygen needed for aerobic treatment.  
The system then utilizes a chlorine disinfection tank, spray 
irrigation pond, with addition UV disinfection, with 4 acres 
of forested spray fields and 4 acres of grass spray field.  

Treated water from the tidal flow wetland system then 
enters a chlorinated storage tank to be used as reclaim 
supply or irrigation.  Additional chlorine is added based 
on ORP probe measurement in the chlorine 
contact tank. The reclaim water is pumped 
from the chlorine contact tank thru Ultra 
Violet lamp system to the bathrooms.  Any 
unused water is sent to a storage pond to be 
sprayed on the spray fields or stored during 
the winter months in a storage lagoon. The 
combination of low flow plumbing fixtures 
and the reclaimed water reduce the schools 
demand for water in the building. The school 
also utilizes a geothermal heat system to cool 
and heat the school.

The system spray fields are controlled 
by soil moisture sensors in the ground to 
shut down or switch fields when a certain 
moisture content is reached.  The system 
uses a rain gauge and weather station to also 
control the spray pump cycles.

David Robinson and Rich Kotchessa are Western Wayne 
School’s two on-site full time employees who provide the 
daily operations, as well as the maintenance and management 
of both the building and wastewater plant while Robial 
Water LTD provides oversight and support for the system.  
The Tidal flow wetlands cells are constructed inside a 
greenhouse and provides classroom space for the Science 
Technology Engineering Mathematics Program offered at 
the High School.  The School building has a green roof that 
serves as an outdoor classroom and retains storm water that 
would otherwise need to be controlled elsewhere on site.  
The classrooms are designed to take advantage of natural 
light without allowing heat to enter the building.  Automatic 
lighting controls reduce energy by sensing occupancy and 
amount of daylight.  The use of high R-value insulation at 
the roof enhances the thermal performance of the building.  
External sun shades and lights shelves on windows reduce 
solar heat gain and glare, and direct light deeper into the 
classrooms.  High efficiency air filtration system provides 
for the comfort and health of the occupants.

With only a few of these facilities in the United States 
Western Wayne Schools Tidal Wetland System is a truly 
unique facility.   S
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Some Random Thoughts About NH3
By Tom Goehring

I think it would be fair to say that out of all the plants 
I visit that are having process problems, about 80% of 
the time the first thing that starts to go bad is ammonia.  
It’s usually small at first, your ammonia is usually >0.1 
mg/L but the last test results you got back it was 0.3 mg/L.  
Operators often say “It’s only 0.3!”  That doesn’t sound like 
much, but the proper way to look at that is your ammonia 
levels have tripled since the last test results.  Whenever 
anything triples its usually not good.  So how do we keep 
ammonia in check?  Here’s a few thoughts.

First, I like to test my influent for the same parameters 
that I test on my effluent.  The main reason for that is I like 
to keep things simple and start my troubleshooting with 
the easiest questions.  If my effluent ammonia goes up, I 
want to know if my influent ammonia went up.  We try 
to fine tune our systems and if a sudden slug of ammonia 
comes in our plant may not to be able to remove it.  One 
of my next questions is did my influent BOD go up?  The 
microorganisms will break down BOD before ammonia, so 
if a slug of BOD comes into the plant and more aeration 
detention time is required to remove the BOD, that allows 
less aeration time to remove the ammonia and could cause 
a spike in the effluent.  Speaking of aeration, also keep in 
mind that it takes almost three times as much oxygen to 
remove ammonia as it does to remove BOD.

Another thing to watch is sludge age.  If the sludge gets 
too old (causing a low F/M ratio) the organisms will start 
endogenous respiration.  Endogenous respiration generally 
tends to drive down the pH and nitrification will stop 
around a pH of 6.  If your pH is dropping, you probably 
have used up all of your alkalinity which is a necessity for 
nitrification.  You need 7.14 pound of alkalinity for every 1 
pound of ammonia and without it, your effluent ammonia 
will spike.

Also watch your side streams for ammonia.  Filtrate 
from a belt press or centrate from a centrifuge can be 
high in ammonia and decant from a digester can cause 
serious ammonia problems.  Decant is also notorious 
for phosphorus and filamentous bacteria that can cause 
headaches just as big as ammonia.

You should also watch sludge blankets in clarifiers and 
keep them from getting too deep.  I have seen sludge that 
was held in the clarifier too long go septic and in turn 
produces ammonia in the clarifier.  In the troubleshooting 
process at one system we sampled and tested for ammonia 
and found that the influent was 28 mg/L, the aeration tank 
effluent was 4 mg/L and the effluent was 31 mg/L.  They 

were removing most of the ammonia in the aeration tanks 
but by letting it go septic in the clarifier they were producing 
an effluent with higher levels than the influent.

One other thing we all know can cause problems with 
nitrification is weather.  The nitrifying bacteria really are 
the wimps of the treatment plant and as soon as something 
gets a little uncomfortable for them, they quit.  Seasonal 
changes can cause an issue but most of all temperature 
is a big factor.  Nitrification will stop somewhere around 
ten degrees Celsius.  I don’t have any words of wisdom or 
advice on how to fix the temperature.  I guess if it bothers 
you enough you could always move to Florida, but then 
you’ll just be uncomfortable in July and August.  On the 
bright side, the fishing is pretty good down there.  S

Tom Goehring
Wastewater Technician 

tgoehring@prwa.com

3
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Opening Session
11:00 AM - 12:00 PM
David Sarkus, MS, CSP - "Leading from Your Heart"
For more than 30 years, David, has been helping organizations improve 
their leadership and influence for safety, and in turn, their cultures 
too.  As an award-winning speaker, author and consultant, David 
combines his academic work with his organizational and athletic 
experiences to create a winning formula for extreme safety success.  In 
this empirically-based keynote, David Sarkus will discuss the critical 
importance of being a coach, building relationships as a base of influence, and clarifying the personal 
side of safety.  In moving from positional power to personal power, any leader can initiate and sustain 
greater forms of positive change regarding every workers’ safety-related attitudes and actions as well 
as enhanced forms of production, quality, and morale. 
Sponsored by Nittany Engineering Associates 
   a division of Century Engineering, Inc.

Exhibit Hall Grand Opening
5:00 PM - 6:30 PM
Come visit with all the exhibitors that have come to talk to you before heading over to 
Champs!

Certified Training Classes
1:30 PM - 5:00 PM
Earn up to 3 Contact Hours!

Meet & Greet at Champ’s
6:30 PM - 10:00 PM

We start off the first day of conference with great 
food, company, and entertainment at one of 

State College’s finest establishments!  We offer 
transportation as well to and from Champ’s from 

all sponsored hotels (see page 32).

Sponsored by Gwin, Dobson & Foreman

ALL MEALS & EVENTS ARE INCLUDED WITH THAT DAYS 
REGISTRATION



WEDNESDAY, MARCH 25 
Certified Training Classes

8:00 AM - 5:00 PM
Earn up to 6 Contact Hours, with lunch between sessions!

Texas Hold ‘Em Tournament
8:30 PM
All skill levels welcome to play in our annual tournament.

Sponsored by PA Water Specialties
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Exhibit Hall Extravaganza
5:00 PM - 8:00 PM
With a chance to win a Dream Disney 
Vacation Give-Away
Come eat a delicious meal and visit with over 127 
exhibitors.  And don’t miss the chance to win a 
Dream Disney Vacation!

Event & Trip sponsored by Exeter Supply
Trip also sponsored by Star Pipe

Turkey Calling Contest
7:30 PM

Bring your calls and compete with some of the best turkey callers around!

Sponsored by Sensus & LB Water

LOOK FOR TRAINING CLASS SCHEDULE IN JANUARY!

Cornhole Tournament
8:30 PM

Come test your skills at this tailgate favorite while 
listening to live music by Biscuit Jam. 

 
Sponsored by A&H Equipment



THURSDAY, MARCH 26
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WWW.PRWA.COM/CONFERENCE
Call (800) 653-7792 with questions!

Certified Training Classes
8:00 AM - 5:00 PM

Earn up to 6 Contact Hours, with lunch between sessions!

FRIDAY, MARCH 27 
Certified Training Classes
8:00 AM - 11:30 AM
Earn up to 3 Contact Hours

Closing Celebration
5:30 PM - 8:00 PM

Featuring the Tribute to Excellence Awards
Join us as we recognize the best in the  

industry with food, drinks, and live music by  
Tommy Wareham, The Piano Man.

Sponsored by Core and Main

Exhibit Hall Finale
11:30 AM - 1:30 PM
Stop by the Exhibit Hall to visit with the vendors 
one last time.  Don't miss your chance to win some 
great prizes at the Exhibitor Booths!
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PFAS: Coming Through a Plume Near You?
By Kurtis Wagner

Have you ever heard the term forever chemicals? Forever 
chemicals refer to a diverse group of the more than 3,000 
manmade chemical compounds known as per- and 
polyfluoroalkyl substances (PFAS). This diverse category of 
compounds boasts highly useful oil repelling, friction 
reducing, long lasting, water proofing, and heat resisting 
properties, and these coveted properties have provided a 
plethora of problem solving applications across the globe 
for decades. In fact, regardless of your exposure to the term 
“PFAS” or “forever chemical,” it is virtually impossible that 
you have not been exposed to the substances themselves. 
The CDC reports that nearly every American (98%) actually 
has detectable levels of PFAS in their blood. With such a 
wide spread exposure, our society has recently begun 
striving toward a deeper understanding of their impact. 

What are PFAs?
While there are thousands of different types of per- and 

polyfluoroalkyl substances (PFAS) used for varieties of 
functions, they have one significant chemical similarity. 
PFAS contain a carbon molecule or chains of carbon 
molecules bonded to fluorine molecules. Substances with 
a prefix poly- contain at least one carbon molecule in the 
chain that is not bonded to a fluorine molecule, while the 
prefix per- means that each carbon molecule is bonded to at 
least one or more fluorine molecules. Some of the chemicals 
also have a functional compound at the end of the carbon 
chain. PFAS are typically soluble and they do not break 
down and remain persistent in the environment because 
the bonds between the carbon and fluorine molecules are 
so stable and strong. 
How are PFAS used?

One of the early PFAS manufactured and used in the 
United States was polytetrafluoroethylene (PTFE). PTFE 
is a fluoropolymer developed as fluorosurfactant (surface 
tension reducing agent) in the 1930s and used in non-
stick coatings since the 1940s when they became widely 
distributed. PTFE is regulated by the Food and Drug 
Administration and is not currently a PFAS that is being 
reduced in production in the United States. Perfluoroalkyl 
acids include two PFAAs, PFOAs and PFOSs, that have 
been produced in the largest quantities in the United States. 
PFOAs and PFOSs have been or are being voluntarily 
phased out of production by 3M, Dupont, and other large 
U.S. manufacturers. These substances have been used 
since the 1950s in the manufacturing of surface protection 
products for clothing and carpet, paper coating, cardboard 
and leather products, emulsifiers, wetting agents, additives 
and coatings, breathable waterproof clothing membranes, 
electrical wire casing, fire-fighting foams, and more. 
PFAAs are also used in the manufacturing process of 
other substances, and can be found in high concentrations 

Commercial and Consumer Products that have or may 
contain PFAS: 

• paper and packaging 
• clothing and carpets 
• outdoor textiles and sporting equipment 
• ski and snowboard waxes 
• non-stick cookware 
• cleaning agents and fabric softeners 
• polishes and waxes, and latex paints 
• pesticides and herbicides 
• hydraulic fluids 
• windshield wipers 
• paints, varnishes, dyes, and inks 
• adhesives 
• medical products 
• personal care products (for example, shampoo, hair 

conditioners, sunscreen, cosmetics, toothpaste, dental 
floss)

Photo Credit: NIEHS
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in various types of industrial waste. As illustrated in the 
timeline of select PFAS development and production in table 
1.2, PFAS are much more numerous than the discussion in 
this article allows. 
Are PFAS harmful?

Even though they have been widely manufactured for 
over a half century, certain PFAS have been found to be 
harmful to human beings and other living organisms. The 
EPA has established health advisories specifically for PFOA 
and PFOS. The largest U.S. manufacturers of PFOA and 
PFOS have also mutually agreed to phase out production 
of this subcategory of chemicals by the year 2015. There is 
actually little known about the thousands of various PFAS 
distributed largely by 3M, Dupont, and other chemical 
manufacturers as products and manufacturing by-products. 
However, they have been linked to “cancer; conditions 
affecting the liver, thyroid and pancreas; ulcerative 
colitis; hormone and immune system interference;  high 
cholesterol; pre-eclampsia in pregnant women, and negative 
effects on growth, learning and behavior in infants and 
children.” The EPA health advisory for PFOA and PFOS 
establishes recommended, voluntary guidelines of 70 parts 
per trillion for drinking water. However, as the study of 
this contaminant is furthered, scientists may recommend 

a much lower amount of PFAS in any potential future 
regulations.  State scientists and officials in New Jersey have 
recommended and may be adopting required levels that are 
some five times lower than the federal standard.
How can they cause contamination?

Because PFAS are typically soluble and persistent in 
the environment, bioaccumulation is a concern. Potential 
contamination can come through any form of waste 
containing PFAS, occupational exposure, consumer 
products, or through water intake and waste water 
discharge. To give a practical example, fire-fighting foam 
practice sites that use foam containing PFAS may affect 
ground water supplies as water containing PFAS infiltrates 
an aquifer. Likewise, manufacturing waste facilities that 
contain high concentration or volumes of waste containing 
PFAS could potentially contaminate ground water supplies 
or waste water facilities could discharge PFAS. Even ski wax 
professionals have been found to have high levels of PFAS 
through occupational exposure. Because of concerns for 
bioaccumulation in human beings, the levels of exposure 
from any source is considered a cause for concern.

Table 1.2 Discovery and manufacturing history of select PFAS
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How bad can PFAS contamination be?
In what may be considered a worst case PFAS scenario, 

Sandy Wynn-Stelt’s private well was exposed to a PFAS 
contaminated plume of ground water. Her residence in 
Michigan was located in close proximity to a manufacturing 
waste landfill used by a facility that applied Scotchguard 
containing PFAS as a waterproofing agent. Stelt’s well 
water tested as high as 76,000 parts per trillion for PFOS 
and PFOA, compared to the EPA guideline of 70 parts per 
trillion. While Stelt’s case may be unique, the lack of testing 
and monitoring demonstrates the potential for major 
contamination events that have gone undetected.

Are there PFAS in PA?
There are without doubt PFAS in Pennsylvania, but the 

questions remain“How Many?” And “Where?” According 
to an in investor owned utility in Horsham Township there 
was a combined PFOA/PFOS level of 10.8 parts per trillion, 
well within the EPA limit of 70 ppt for those two chemicals. 
However, EWG data shows that the former Willow Grove 
Naval Air Station at Horsham, had combined PFOA and 
PFAS contamination as high as 86,000 parts per trillion, 
affecting 108 out of 161 on-base wells during 2017 testing. 
Public wells near the base had contamination of up to 1,000 
ppt. Systematic tests are currently being conducted on a 
statewide basis that will give a clearer picture regarding 
the long-term impact of PFAS levels in ground water and 
surface water across the state of Pennsylvania. 
What are the next steps?

A future issue of the Keystone Tap will include discussion 
regarding our current state wide efforts to test public and 
private wells for PFAS in Pennsylvania, regions of specific 
interest or concern for PFAS contamination, potential 
treatments for PFAS contaminated water, and the potential 
costs associated with this emerging contaminant. S
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GPS: The Technology Of Where It Is And How To Get There
By Mike Emery

GPS is a technology that has fundamentally changed 
society.  With a GPS you now have the power to know how to 
best navigate from one place to another with an easy to use 
device such as your phone, or find and locate things VERY 
accurately (such as water and wastewater infrastructure).  It 
is so common place now that most people don’t even think 
about it.  But just 20 years ago to navigate across country 
you went to AAA to get a paper “Trip Tick” and followed 
paper maps to navigate to where you were going.  Many 
times making wrong turns along the way and asking locals 
how to get somewhere specific.  Now you just ask Google.  
What are some of the ways GPS can be used?

GPS can be used with anything that has a time or space 
component, which means GPS can be utilized by almost 
any industry.  There is no way I can cover all of the potential 
uses for GPS but I can highlight some examples.

1. Aviation
Most of the modern aircraft use GPS receivers to provide 

the pilots and passenger with real-time aircraft position. 
They also provide a map of various destinations depending 
on where the aircraft operates. This application is also used 

by the airline operators to decide which route is the fastest, 
safest, and most fuel-efficient among the destinations. They 
also use GPS to track the aircraft and direct the pilot in the 
case where there is a change in the weather conditions or 
any other issue that may arise.

2. Marine
Highly accurate navigation is needed by boat captains to 

enable them to navigate through waters to their destinations. 
Use of GPS can ensure that the channels are clear and there 
are no obstacles that can hinder their navigation. They are 
also required in the marine departments since they are 
used to map and position dredging operations in rivers, 
sandbars, and wharves to ensure that other boats are aware 
of how deep they should get.

3. Farming
Farmers have a specific season for planting, weeding, 

and harvesting, and due to the repeat in the seasons, they 
put the GPS receiver on their tractors and other farming 
equipment. This allows them to map their plantations and 
ensure that they return to precisely the same time when 
planting or weeding in the next season. This strategy is 
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effective especially in seasons when it’s foggy with less 
visibility since the machine will still operate since its GPS 
and not visual reference guides it. More so, its high accuracy 
makes it suitable for use in mapping soil sample locations, 
and the farmers can locate the areas that have soils suitable 
for farming.

4. Science
This is one field that intensively uses GPS especially since 

there are numerous braches and departments in the science 
field and this include physics, biology and earth science to 
mention a few. Before the invention of GPS, scientists used 
metal and plastic bands to tag animals, and they would 
follow them to various locations while monitoring them. 
However, since the invention and enhancement of GPS, it 
has helped scientists to fit the animals with the collars and 
GPS can automatically record the animal’s movement and 
the information is transmitted to a through a satellite to the 
researcher. This means that they can trace the location of 
the animals’ movement without having to relocate them 
physically. Most of the sciences taught in schools will have 
more practical evidence especially since GPS provides 
accurate data. Earth scientists also use GPS to study how 
landscapes change over time, such as glaciers or areas that 
have tectonic movement or volcanos. 

5. Surveying
Surveying is one of the uses of GPS that are essential 

especially since it is used in mapping and measuring various 
measures on the earth surface and underwater. It is used 
in determining land boundaries, mapping sea floors, and 
highlighting the changes in the shape of structures. The 
best thing about high accuracy GPS is that the surveyors 
can set it up over a single point and establish a reference 
marker. They can also use it in a moving configuration to 
map the boundaries of particular features. With the data 
obtained from GPS, they can easily key in the details into 
a software (such as GIS or CAD) that will help them offer 
their customers with a detailed chart or map.

6. Military
The US Department of Defense was the first to develop the 

GPS system, and since then the system has been adopted by 
numerous military forces around the world. Other countries 
have even decided to develop their satellite navigation 
networks as a defense mechanism during war times. Today, 
there has been a diverse use of GPS, and it can be used to 
map the location of vehicles and other machinery such as 
missiles during a war. This is a technique used purposely to 
protect the soldiers and also manage resources.

7. Financial Services
Financial organizations such as banks use GPS to 

schedule and determine local and international money 

transfers. They are also using it to provide audit trails of 
financial transactions. More so, since more than 80% of the 
transactions are made through debit and credit cards, it has 
been easier to provide a higher level of timing accuracy. The 
GPS satellite is necessary for the financial field since it allows 
for data and time stamps of Electronic Funds Transfers.

8.  Telecommunications
Telecommunications especially the mobile telephones use 

GPS to provide its users with accuracy, reliability, and stability 
of their operations. Although other clocks can provide this, 
the GPS supports the derivation of synchronized time zones 
with the help of the satellite signals.

9. Heavy Vehicle Guidance
Heavy tack machines used in mining and constructions 

also use GPS. For example in highway construction, the 
marker pegs and surveyors have been replaced by the 
improvised in-cabin vehicle guidance and control systems. 
This makes the work easier since the driver only needs to 
follow the surveyor’s pre-programmed site plan. Thus, 
with GPS, the constructors can achieve close tolerance for 
position, gradient, and level.
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10. Road Transportation
Majority of users of this technology are taxi services, 

emergency vehicle location, commercial fleet management 
and freight tracking, public transport monitoring, dispatch, 
and navigation. Private car owners also use GPS, and most 
of the new car models come with a factory-fitted GPS.

11. Social Activities
Some of the social activities that have incorporated the 

use of this technology include cross-country cycling, skiing, 
hiking skydiving, paragliding, geotagging photographs, 
geocaching, geodashing among others.

12. Locating Positions
GPS navigation system is commonly used to designate 

positions. It is used by travelers, researchers and the everyday 
citizens. More so, you can use it to locate websites that offer 
certain services in your country. Certain websites block 
access by people from a specific location. For example, if 
you are looking for a website that offers academic assistance 
in your area such as online custom writing service, then as 
long as your GPS location is allowed into the website, you 
will get a list of recommendable website.

13. Tracking for Law Enforcement
The police also use it during investigations to catch 

suspects and criminals. They also use it to keep track of 
people who feel that their lives may be in danger.  GPS 
monitors on criminals can monitor their locations to help 
keep them away from their victims. 

14.    Solo Travels
When traveling to a location that you are not familiar it 

is advisable to have a tracker with you to alert people when 
you face any dangers or get lost.

15. Hunting, Fishing, and Hiking 
Using this technology allows you to mark the spots that 

you would want to return to your next hunting or fishing 
trip.  Or you use GPS to follow unknown hiking trails 

16. GPS technology combined with Intelligence Vehicle 
Highway Systems is used to improve highway safety and 
ease congestion

Integrated Traffic Management Systems requires accurate 
data that is available in real time. This is to ensure that the 
necessary authorities can manage the travel time and speed 
to monitor and control congestion. Thus, the GPS is used to 
collect the required data, and it has been proved to be 50% 
more efficient in terms of manpower.

17. Public Safety and Disaster Relief
The best thing about GPS is that it can be used in any 

weather or environmental condition which is the reason 

why is preferred for use during disaster management. The 
emergency vehicles and supplies are tracked using GPS.  
Damage from hurricanes, tornados, wild/forest fires can all 
be captured and mapped using GPS.

18. School Bus Tracking
School Bus GPS tracking system is used in gathering 

information about which route is most efficient. It also provides 
the bus drivers with real-time directions whenever they get 
lost. School management can use this technology to ensure 
that the bus drivers follow the authorized routes and that they 
do not take unnecessary breaks during working hours.

19. Speed Monitoring
GPS tracker provides accurate speed estimates of vehicles 

or fleet which are transmitted to a central hub where they 
can read in real time and recorded for future reference. 
Keeping track of speed allows you to reduce the cost of fuel 
consumption, a lesser number of speed tickets, reduces the 
rate of accidents, and minimizes wear and tear on your 
vehicle.

20. Geo-Mapping and Landmarking
GPS provides integrated and accurate landmarking and 

mapping information. It is known to be highly accurate 
and faster than any conventional strategy. There is minimal 
labor required and less amount of equipment to be used.

21. Making Electronic and Rough Topographic Maps
GPS is effective in creating coordinates for contour and 

topographic maps. The best thing about using GPS is that 
it is accurate, convenient and can be used in any location 
without requiring much supervision.

22. Accessing your Vehicle from Mobile, PC or Tablet
Linking up your vehicle tracking system to your mobile 

device enables you to monitor the location of your vehicle 
in real time. This is useful when your vehicle has been 
stolen or when you lend someone your car. Certain tracking 
systems allow you to immobilize your car if stolen. This app 
will shut down the vehicle even when it’s in motion and will 
help you to get back your vehicle with ease as well as give 
you peace of mind.

23. Setting up a Geo-Fence
GPS technology has not only enabled us to track and 

know directions, but it has also been utilized in geo-fencing 
which alerts you whenever a person or object enters or exits 
from a chosen area. A Geo-fence is a virtual border that is 
set up within seconds and you are notified through text or 
email whenever a GPS tracker crosses the chosen region. 
One way this is used is by drones. Drones can be given a 
designated area or Geo-Fence (such as a farmers field) to 
map autonomously using GPS.
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GIS Mapping

Pennsylvania Rural Water Association is proud to offer a GIS Mapping Program that provides 
GIS mapping services to water & wastewater utility systems who are interested in obtaining 

accurate maps and geographic data for their water, wastewater or stormwater networks.  With 
our state of the art equipment and up-to-date technology, we are able to create and tailor maps 

for systems with 4 inch accuracy!

Collection Systems
Manholes, Grinder Pumps, Pump 

Stations, Lamp Holes, Clean Outs, 
Tank Locations, Main Lines

Distribution Systems
Main Lines, Main Line Valves, Curb 

Stops, Meter Pits, Air Release 
Valves, Tank Locations, Fire 

Hydrants

Stormwater Collection Systems
Main Lines, Inlets, Outfalls, 
Manholes, Retention Basin 

Boundaries, Detention Basin 
Boundaries, Swales, Culverts

Examples of assets you can map...

Are your system maps out-of-date?
Are you tired of hunting down various drawings of your 

water, wastewater or stormwater system?
PUT ALL YOUR SYSTEM’S INFORMATION 

AT YOUR FINGERTIPS BY 

 GETTING IT MAPPED!
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Answers to Certification Study Feature “Safety Knowledge Check” on Pages 16-18.

24. Direct Fault Motion Measurement in Earthquakes
GPS is also used in measuring earthquakes by measuring 

the millimeter-scale movements of the crust between 
earthquakes. Although it does not measure the actual 
shaking of the ground caused by the earthquake, it records 
displacement of stations during and after earthquakes.

25. Nearby Area Searches Such as Hotels, Hospitals, Gas 
Stations, and Government Offices

It tracks your location and provides you with information 
and data of the area you are scanning. You can search and 
book a hotel near your area, and the best thing about using 
GPS is that it is accurate and provides real-time data.

26. Tracking Environmental Disasters Such as Fires and 
Oil Spills

It is efficient is tracking disasters conditions in real time 
which could have taken much time without its application. 
Fires and oil spills can happen in areas with adverse weather 
conditions, and it is essential to monitor the location so as 
to offer fast relief.

27. Has Made Aerial Studies Much Easier and Effective
Aerial studies are one of the most impenetrable studies 

that have been boosted by the use of GPS. It has been 
intensively been used in studying wildlife, terrains and 
human infrastructure. This has been made possible by 
tagging imagery with the help of GPS coordinates. The 
emergence of drone technology has also been greatly 
enhanced by the integration of GPS into drones.

28.  Monitoring the Migration Patterns of Endangered 
Species

It is easy to use the app to identify the migratory patterns 
of endangered species, for example, the mountain gorilla of 
Rwanda. This can help prevent their reducing populations.

29.  Efficient Management of Logging in Forests, and 
Delineation of Borders

The use of mapping information is used to control logging 
in forests. GPS  provides real-time data of the happenings 
in a certain region and authorities can use to monitor any 
delineation in their borders.

30. Helps Solve Disputes between Landowners
In the case where there are border disputes, GPS can be 

used to provide unbiased geographic borders according to 
the existing information. It can provide accurate coordinates 
and directions of property boundaries.

31. Gathering Accurate and Timely Information
Providing accurate and timely information is one of the 

primary uses of GPS, and it  has been intensively used 
to provide location and directions among other uses as 
discussed above. Its accuracy has seen its intensive use 
in fields such as military, agriculture, mining, surveying 
among others.

There are many uses and applications of GPS as discussed 
above and the system’s information is available to anyone 
and anywhere with no charges. You only need to get a 
receiver to access the data. This technology is useful in any 
industry in the world, and it impacts our lives in various 
ways some of which we may not be aware of.  S

Source: https://grindgis.com/gps/50-uses-or-applications-of-gps 
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New Members of PRWA
System Members 

Abbott Township, Potter County  
Antietam Valley Municipal Authority, Berks County
Bethel Park Municipal Authority, Allegheny County  

Bittner's Mobile Home Park, Lycoming County 
Camphill Village Kimberton Hills, Chester County 

Eckstine Rentals, Franklin County 
Escape POA, Pike County 

Harmony Penn Homes LLC, Lancaster County 
Martha's Furnace Mobile Home Park, Centre County

Mercersburg Water Authority, Franklin County
National Park Service, Chester County 

Associate Members 
Bassett Engineering - Montoursville, PA

Water supply, treatment, storage and distribution. Wastewater collection, pumping & treatment.  Solids handling, study, permits, design, bidding, 
construction phase engineering including inspection.

 

De Nora Water Technologies - Colmar, PA
OEM & Aftermarket Disinfection and Filtration Products

 

Ecological Laboratories - Cape Coral, FL
Provides breakthrough, environmentally friendly solutions for the treatment of open water pollution, soil remediation, municipal & industrial 

wastewater, agricultural work, odor control, composting and crop yield enhancement. 
 

Latchaw, Montgomery & Peck, Inc. - Malvern, PA 
Latchaw, Montgomery & Peck, Inc. has represented leading manufacturers forming relationships with wholesalers in the Mid-Atlantic Region 

since 1958. Through the years much has changed in wholesale distribution, technology, mergers and acquisitions, and the economy. What hasn't 
changed is LMP's commitment to serving our principals and the wholesalers we call on with enthusiasm, integrity and diligence. 

 

Pennoni - Virginia Beach, VA
As a multidisciplinary firm, Pennoni has the ability to approach engineering challenges from a wider spectrum of angles than most. From land 

development to energy management, our expertise runs deep and our passion for problem-solving runs even deeper. 
 

Predoc, Inc. - Kimberton, PA
Distributor and service provider for Drip Irregation 

 

Premier Power Solutions, LLC - Pittsburgh, PA
Energy Consultant offering Procurement & Risk Mgmt, Efficiency Project Evaluation & Funding, Demand Mgmt and Energy Planning. 

 

White Oak Laboratory - Ridgway, PA
Environmental Testing Laboratory.  Analytical testing of drinking water, wastewater, and solid matrices.

From: November 8, 2019 - February 12, 2020

Non-Transient Non-Community Members 

Lycoming County Resource Management Services, Lycoming County
Roxbury Holiness Camp, Franklin County 



Call Brian Preski today to find out how 
 this program can help you!

(888) 843-7155

We have partnered with Pennsylvania Water Specialties Company (PAWSC) to 
provide utilities, municipalities, and privately owned water distribution systems 

with the resources to support enforcement of their cross-connection control (CCC) 
administration program.

Cross-Connection Control &  
Backflow Prevention Program

Why do you need a Cross-Connection Control Program?
Become compliant.  Protect your Water Supply.   

Communicate with Customers

800-653-7792  |  F: 814-353-9341
138 West Bishop Street, Bellefonte PA 16823

 WWW.PRWA.COM

Become Compliant.  Under the 1974 Safe Drinking Water Act, the PA DEP requires that customers 
eliminate cross-connection or install backflow prevention devices.  This regulation applies to 

individual homes, businesses, and commercial and industrial establishments.  This regulation 
requires that backflow prevention devices be tested at least once a year.

Protect your Water Supply.  The goal of a cross connection 
control program is to protect the public potable water supply 

from the possibility of contamination or pollution by 
isolating, with its customer’s internal distribution systems, 

contaminants or pollutants which could backflow or back-
siphon into the public water system.  Through education, 
inspection and consistent monitoring of compliance, 
PAWSC is able to help utilities minimize the risk of 
contamination to its customers.

Communicate with Customers.  PAWSC offers services 
for a complete start-to-finish outsourcing solution.  From 
sending compliance notices, to tracking final compliance 
results for water service providers who wish to maintain 
an effective CCC program from their customers and 
water supply - but are not able to handle all aspects of 
the program.  PAWSC Customer Service Representatives 

provide centralized administrative support to water providers, 
water customers, and backflow technicians.

Services PAWSC can provide:
Administration

Public Awareness
Customer Compliance Mailings

Database Tracking
Record Keeping

Field Technician Training
Certification Tester Training
Auditing of Physical Surveys
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Wastewater | Technical
cBOD Degradation
By Michael Gerardi

The oxidation or degradation of carbonaceous, 
biochemical oxygen demand (cBOD) occurs in wastewater 
treatment plants and sewer systems. The consequences 
of the degradation are numerous and can be positive 
or negative, depending where the degradation occurs. 
Carbonaceous BOD consists of organic compounds, i.e., 
compounds that contain carbon (C) and hydrogen (H), e.g., 
vinegar or acetic acid (CH3COOH).  

Bacteria degrade cBOD in order to obtain carbon and 
energy for growth (reproduction) or increase in their 
population. Bacterial growth in treatment plants and 
sewer systems is referred to as “sludge” or “biofilm.” When 
cBOD is degraded chemical bonds in the organic molecule 
are broken and electrons are released from the broken 
chemical bonds. Some of the energy associated with the 
released electrons is taken from the electrons stored 
inside the cell.  The amount of energy stored by the cell 
is depended on the molecule that is used to degrade the 
cBOD and transport the electrons from the cell to the bulk 
solution. The molecules are known as the final electron 
transport molecules. 

There are four molecules that are used by different groups 
of bacteria to degrade cBOD and transport electrons from 
the cell to the bulk solution. The final electron transport 
molecules are: 1) oxygen (O2), 2) nitrate (NO3

-), 3) sulfate 
(SO4

2-) and 4) a portion of the organic compound (CH2O 
or cBOD) that is degraded. 

Aeration of a reactor and ventilation of the sewer 
system provide oxygen. Aeration of a reactor also 
provides for nitrification and the production of nitrate. 
Nitrification is the oxidation of ammonium (NH4

+) 
to nitrite (NO2

-) (Equation 1) and then to nitrate 
(NO3

-) (Equation 2). The production of nitrate, and 
the addition of sodium nitrate (NaNO3) or calcium 
nitrate (Ca(NO3)2) to a tank or sewer system provides 
nitrate. Sulfate-containing groundwater and urine 
introduce sulfate to the wastewater, and domestic 
wastewater contributes cBOD (organic compounds).  

NH4
+ + 1.5 O2 --- nitrifying bacteria --- > NO2

- + 2 H+ + H2O
Equation 1 (oxidation of ammonium to nitrite)
NO2

- + 0.5 O2 --- nitrifying bacteria --- > NO3
-

Equation 2 (oxidation of nitrite to nitrate) 

The degradation of cBOD is respiration, and there are 
five forms of respiration (Table 1). The use of oxygen is 
aerobic or oxic respiration. The use of nitrate is anoxic 
respiration or denitrification. The use of sulfate is sulfide 
(HS-) formation, and the use of an organic compound is 
fermentation. Fermentation can occur through several 
bacterial pathways or activities or archaeal activity. 
Its occurrence through bacteria activity is commonly 
known as mixed acid production, because a mixture of 
volatile fatty acids, e.g., formic acid (HCOOH), acetic 
acid (CH3COOH) and propionic acid (CH3CH2COOH) 
is produced.  Fermentation through archaeal activity 
is known as methane production. Methane production 
results only in the production methane (CH4) and 
carbon dioxide (CO2). The hierarchy for the quantity 
of cellular energy obtained from the difference forms 
of respiration is: oxic respiration > anoxic respiration > 
sulfide formation > fermentation, i.e., for equal amounts 
of the same cBOD degraded, oxic respiration provides 
more energy for cellular growth than anoxic respiration 
then sulfide formation then fermentation.
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Table 1.
Forms of cBOD Degradation or Respiration

Aerobic or Oxic Respiration
1 lb.* cBOD + O2 --- aerobic and facultative anaerobic bacteria --- >

0.6 lb. cells (sludge) + energy + H2O + CO2

+NH4
+ + PO4

3-

+SO4
2- + H2CO3

* lb. = pound

Anoxic Respiration
1 lb. cBOD + NO3

- --- facultative (denitrifying) bacteria --- >
0.4 lb. cells (sludge) + energy + H2O + CO2 + CO2h

+ NH4
+ + SO4

2-

+OH- + HCO3
-

+ N2h + N2Oh

Sulfide Formation
1 lb. cBOD + SO4

2- --- sulfur-reducing bacteria --- >
0.1 lb. cells (sludge) + energy + H2O + CO2 + CO2h

+ NH4
+ + HS- + H2S + H2Sh
+ OH- + HCO3

-

+ CH3COOH + CH3COOHh 

Fermentation
1 lb. cBOD --- fermentative bacteria --- >

0.04 to 0.1 lb. cells (sludge) + energy + H2O + CO2 + CO2h

+ NH4
+ + HS- + H2S + H2Sh

VOCh (volatile organic compounds including volatile 
fatty acids (VFA))

+ alcohols, e.g. methanol (CH3OH), ethanol 
(CH3CH2OH) 

Methane Production
1 lb. cBOD --- methanogens (archaea) --- >

0.02 lb. cells (sludge) + energy + H2O + CH4h + CO2 + CO2h

The products of respiration
When respiration occurs, a diversity of waste products 

is obtained. Common waste products such as water (H2O), 
carbon dioxide (CO2), ammonium (NH4

+), and phosphate 
(PO4

3-) are obtained for all form of respiration. There are 

many specific waste products that are produced by only one 
or two forms of respiration. Many of these specific waste 
products may be problematic depending on where the 
products are released.

Aerobic respiration (Table 1) or the use of oxygen (O2) to 
degrade cBOD results in the production of an increase in the 
bacterial population (cells or sludge), cellular energy, water, 
carbon dioxide, ammonium, phosphate, sulfate (SO4

2-), 
and carbonic acid (H2CO3). The sludge yield coefficient for 
aerobic respiration is 0.6, i.e., 0.6 lbs. of sludge is produced 
for one pound of cBOD degraded. All the carbon dioxide 
dissolves in the wastewater. Aerobic respiration and anoxic 
respiration do not produce odorous compounds (Table 2).

Anoxic respiration (denitrification) (Table 1) or the use 
of nitrate (NO3

-) to degrade cBOD results in the production 
of an increase in the bacterial population (cells or sludge), 
cellular energy, water and carbon dioxide. However, anoxic 
respiration does not provide as much cellular energy for 
bacterial growth as does aerobic respiration. Therefore, the 
sludge yield coefficient for anoxic respiration is 0.4. Because 
less bacterial growth occurs during anoxic respiration, less 
carbon from the cBOD goes into cells (sludge) and more 
carbon goes into carbon dioxide.
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Carbon dioxide is poorly soluble in wastewater. Therefore, 
some of the carbon dioxide dissolves in wastewater, and 
some carbon dioxide (CO2h) escapes as a gas from the 
wastewater. Ammonium and sulfate are produced, and 
alkalinity is returned to the wastewater in the form of 
the hydroxyl ion (OH-). At the near neutral pH of the 
wastewater, the hydroxyl ion combines with dissolved 
carbon dioxide to form bicarbonate alkalinity (HCO3

-). The 
nitrogen in nitrate that is used during anoxic respiration 
leaves the bacterial cell and the wastewater in two insoluble 
nitrogen-containing gases, molecular nitrogen (N2h) and 
laughing gas or nitrous oxide (N2Oh).

Sulfide formation (Table 1) or the use of sulfate to 
degrade cBOD results in the production of an increase in 
the bacterial population (cells or sludge), cellular energy, 
water, carbon dioxide, ammonium, phosphate, and sulfide 
(HS-). However, sulfide formation does not provide as 
much cellular energy for bacterial growth as does aerobic 
respiration or anoxic respiration. Therefore, the sludge 
yield coefficient for sulfide formation is 0.1. Because less 
bacterial growth occurs during sulfide formation, less 
carbon from the cBOD goes into cells (sludge) and more 
carbon goes into carbon dioxide as compared to aerobic 
respiration and anoxic respiration. Therefore, some of the 
carbon dioxide dissolves in wastewater, and some carbon 
dioxide (CO2h) escapes as a gas from the wastewater.

Ammonium is produced. However, released sulfide 
from the cBOD is not oxidized to sulfate. Depending on 
the pH of the wastewater released sulfide remains soluble 
in the wastewater or is converted to hydrogen sulfide (H2S) 
at a low pH (< 7.0). As the pH of the wastewater decreases, 
dissolved hydrogen sulfide is converted to gaseous 
hydrogen sulfide (H2Sh) that escapes from the wastewater. 
With the production of acetic acid (CH3COOH) the 
pH of the wastewater decreases. Because acetic acid is 
volatile, some acetic acid (CH3COOHh) escapes from 
the wastewater as a vapor. Because fermentation and 
the production of volatile fatty acids occur with sulfide 
formation, the fermented acids also help to lower the pH 
of the wastewater. 

Alkalinity is returned to the wastewater in the form 
of the hydroxyl ion (OH-). At the near neutral pH of the 
wastewater, the hydroxyl ion combines with dissolved 
carbon dioxide to form bicarbonate alkalinity (HCO3

-). 
Fermentation (Table 1) results in an increase in the 

bacterial population (cells or sludge), cellular energy, water, 
carbon dioxide, ammonium, phosphate, and sulfide (HS-). 
However, fermentation does not provide as much cellular 
energy for bacterial growth as does aerobic respiration or 
anoxic respiration and with exception, fermentation does 
not provide as much cellular energy for bacterial growth 
as sulfide formation. Therefore, the sludge yield coefficient 
for fermentation depending on the fermentative  pathways 
used is 0.04 to 0.1. Because less bacterial growth occurs, less 
carbon from the cBOD goes into cells (sludge) and more 
carbon goes into carbon dioxide as compared to aerobic 
respiration, anoxic respiration and sulfide formation. 
Therefore, some of the carbon dioxide dissolves in 
wastewater, and some carbon dioxide (CO2h) escapes as a 
gas from the wastewater.

Fermentation also results in the production of a large 
diversity of organic compounds including alcohols, fatty 
acids, nitrogen-containing compounds, sulfur-containing 
compounds and aldehydes and ketones. Many of these 
compounds are volatile and have an offensive odor.

Methane production (Table 1) results in the production 
of only methane (CH4h) and carbon dioxide. Because 
methanogenic archaea obtain very little energy from the 
degradation of cBOD, only a relatively small amount of 
carbon and energy from the cBOD is used for archaeal 
growth (sludge production), and the bulk of the carbon and 
energy from the cBOD is assimilated into methane (CH4h) 
and carbon dioxide. Again, some carbon dioxide dissolved 
in the wastewater, while most of the carbon dioxide (CO2h) 
escapes as a gas from the wastewater. The sludge yield 
coefficient for methane production is 0.02.
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Table 2
Forms of Respiration and Production of Odorous 

Compounds

Form of Respiration Production of Odorous Compounds

Aerobic respiration No

Anoxic respiration No

Sulfide formation Yes

Fermentation Yes

ATP production
The hierarchy for the quantity of energy obtained from 

the different forms of respiration from highest to lowest 
energy obtained is: oxic respiration > anoxic respiration > 
sulfide formation > fermentation > methane production, 
i.e., for equal amount of the same cBOD degraded, oxic 
respiration provides more energy for cellular growth than 
anoxic respiration than sulfide formation than fermentation 
than methane production. Energy obtained by bacterial 
cells is stored in higher energy phosphate (PO4

3-) bonds in 
a large molecule known as adenosine triphosphate or ATP. 
The amount of energy obtained is based on the number of 
ATPs produced.

Acetic acid is perhaps the universal substrate or cBOD 
that can be degraded by nearly all bacteria via the five 
forms of respiration. The molecular formula for acetic acid 
is CH3COOH. A mole of acetic acid is 60 grams, i.e., the 
molecular weight of one molecule of acetic acid convert to 
grams.  Since the atomic weight of carbon (C) is 12 (2 C X 
12 = 24); the atomic weight of hydrogen (H) is 1  (4 H X 1 
= 4); and the atomic weight of oxygen (O) is 16 (2 O X 16 = 
32), the molecular weight of acetic acid is 24 + 4 + 32 = 60. A 
mole of acetic acid is 60 grams. Therefore, when acetic acid 
is degraded through the five forms of respiration, different 
quantities of ATP are produced (Table 3).

Table 3
Quantities of ATP Production via Different Forms of 

Respiration

Quantity of cBOD 
Degraded

Form of Respiration Units of ATP 
Produced

1 mole Acetic acid Aerobic respiration 38

1 mole Acetic acid Anoxic respiration 36

1 mole Acetic acid Sulfide formation 2

1 mole Acetic acid Fermentation 2

1 mole Acetic acid Methane production 2

Sludge production
The quantity of energy obtained by bacteria from the 

degradation of cBOD determines the quantity of new 
bacterial cells (sludge) produced. Therefore, more bacterial 
cells or sludge are produced via aerobic respiration and 
anoxic respiration than sulfide formation, fermentation 
and methane production (Table 4), i.e., the sludge yield 
coefficient (lbs. sludge produced per lbs. cBOD degraded) 
changes for the same quantity of the same cBOD degraded 
depending on the final electron transport molecule used to 
remove electrons from the cell).

Table 4
Sludge Yield Coefficients via Different Forms of 

Respiration

Quantity of cBOD 
Degraded

Form of Respiration Sludge Yield 
Coefficient*a

1 pound Acetic acid Aerobic respiration 0.6

1 pound Acetic acid Anoxic respiration 0.4

1 pound Acetic acid Sulfide formation 0.1

1 pound Acetic acid Fermentation 0.04 to 0.1*b

1 pound Acetic acid Methane production 0.02
 
*a Quantity of sludge (bacterial cells) produced per pound 
of cBOD degraded

*b Depending on the fermentative pathways that are used 
by bacteria varying quantities of energy are obtained and 
therefore different quantities of sludge (bacterial cells) are 
produced. 

There are three groups of bacteria and one group of 
archaea with respect to their response to free molecular 
oxygen and degradation of cBOD (Table 5). The groups 
are: 1) aerobic bacteria, 2) facultative anaerobic bacteria 
including fermentative bacteria, 3) anaerobic bacteria 
including sulfur-reducing bacteria and 4) methanogenic 
archaea. Aerobic bacteria use only oxygen to degrade 
cBOD. Facultative bacteria use oxygen, nitrate or an 
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organic compound to degrade cBOD. Facultative bacteria 
that use nitrate are referred to as denitrifying bacteria. In 
the presence of oxygen and nitrate, denitrifying bacteria use 
oxygen, because oxygen provides more energy for cellular 
growth. In the absence of oxygen and nitrate, fermentative 
bacteria use an organic molecule. Anaerobic bacteria include 
sulfur-reducing bacteria that are inactive in the presence of 
oxygen. Methanogenic archaea, formerly known as methane-
producing bacteria are anaerobes. Most methanogenic 
archaea use an organic compound to produce methane. A 
small group of autotrophic methanogenic archaea use carbon 
dioxide and hydrogen (H2h) to produce methane (Equation 
3). Autotrophic organisms cannot use cBOD for a carbon (C) 
source. They use carbon dioxide as a carbon source.

CO2 + H2 --- autotrophic methanogens --- > CH4 + H2O
Equation 3, methane production for carbon dioxide and 

hydrogen
Table 5

Groups of Bacteria and Archaea
with Respect to Their Response to Free Molecular 

Oxygen and Degradation of cBOD

Group Comments

Aerobic 
bacteria

Aerobic bacteria can only use oxygen to 
degrade cBOD. They are inhibited in the 

absence of oxygen and die in the absence of 
oxygen after four hours.

Facultative 
anaerobic 
bacteria

Facultative anaerobic bacteria are capable 
of using nitrate or an organic compound 
in the absence of oxygen. However, they 
are capable of using oxygen. Facultative 

anaerobic bacteria that use nitrate are known 
as denitrifying bacteria.

Anaerobic 
bacteria

Except for sulfur-reducing bacteria, anaerobic 
bacteria ferment.  Sulfur-reducing bacteria 

can only use sulfate to degrade cBOD and are 
inactive in the presence of oxygen.

Anaerobic 
archaea

Anaerobic archaea such as methanogens 
produce methane and die in the presence of 

oxygen. 

Complete or incomplete respiration 
Respiration or the degradation of cBOD can be complete 

or incomplete. When complete respiration occurs all of the 
carbon (c or C) in the cBOD degraded is assimilated into 
cells or carbon containing gases, e.g., carbon dioxide (CO2) 
and methane (CH4) (Table 1). Except for bacterial cells 
that contain intracellular organic compounds, no organic 
compounds are produced. Complete respiration occurs 
during aerobic respiration, anoxic respiration and methane 
production. 

As a result of incomplete respiration the carbon in the 
cBOD goes into bacterial cells, carbon dioxide and at 
least one organic compound. Sulfide formation results 
in the production of the organic compound acetic acid 
(CH3COOH). Fermentation results in the production 
of numerous organic compounds including volatile 
fatty acids, e.g., acetic acid (CH3COOH), alcohols, e.g., 
ethanol (CH3CH2OH), nitrogen-containing compounds, 
e.g., putresine (H2N(CH2)4NH2) and sulfur-containing 
compounds, e.g., methyl mercaptan (CH3SH). Many 
of the organic compounds produced through sulfide 
formation and fermentation are malodorous. Therefore, 
complete respiration does not produce offensive odors, 
while incomplete respiration does produce offensive 
odors. Also, because much of the carbon in the cBOD 
that is degraded during incomplete respiration is 
assimilated into organic compounds rather than 
bacterial cells (sludge), little sludge production occurs. 

Beneficial and detrimental consequences of respiration
The degradation of cBOD can result in beneficial or 

detrimental consequences to a wastewater treatment 
facility. Aerobic respiration results in the reduction or 
transformation of non-living cBOD, e.g., glucose (C6H12O6) 
to a relatively large quantity of living cBOD (bacterial 
cells or sludge) and carbon dioxide (CO2). This reduces 
the quantity of cBOD or pollutants that are present in 
the effluent of wastewater treatment plant. However, the 
reduction of cBOD is expensive with respect to electrical 
and sludge disposal costs.

Anoxic respiration or denitrification is detrimental 
to a wastewater treatment plant, if it occurs in a clarifier 
resulting in the loss of solids. The loss of solids is referred 
to as “dark sludge rising” or “clumping.” Anoxic respiration 
is beneficial to a wastewater treatment plant, if it occurs 
in a denitrification tank. Here, anoxic respiration results 
in compliance with a total nitrogen (TN) discharge 
requirement. Anoxic respiration is beneficial to a wastewater 
treatment plant, if it occurs in an anoxic selector. Here, 
anoxic respiration controls the undesired growth of some 
filamentous organisms.

Sulfide formation is detrimental to a wastewater 
treatment facility, if it occurs in the sewer system resulting 
in odor production and corrosion. Odors produced from 
sulfide formation are the gas hydrogen sulfide (H2Sh) and 
the vapor acetic acid (CH3COOHh). Corrosion occurs 
when hydrogen sulfide gas dissolves in surface moisture on 
the inside crown of a sewer main. Here, hydrogen sulfide 
is oxidized with oxygen (O2) by sulfur-oxidizing bacteria 
to corrosive sulfuric acid (H2SO4) (Equation 4). Sulfide 
formation is beneficial to a wastewater treatment plant, 
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if it occurs at an acceptable rate in an anaerobic digester. 
Anaerobic bacteria and methanogens in the digester use 
sulfide as their sulfur nutrient.

H2S + O2 --- sulfur-oxidizing bacteria --- > H2SO4

Equation 4 (oxidation of sulfide to sulfuric acid)
Fermentation is detrimental to a wastewater treatment 

facility, if it occurs in the sewer system or gravity thickener. 
Fermentation is the sewer system and gravity thickener 
results in the production of numerous offensive compounds 
including volatile fatty acids. When fermentative products 
are released in the thickener overflow, they are recycled 
in the treatment plant to an aerobic or anoxic reactor the 
following consequences: 1) there is an immediate and 
large demand for oxygen or nitrate for their degradation; 
if oxygen and nitrate are depleted, sulfide formation and 
fermentation (lack of oxygen and nitrate) occur, 2) there 
is an immediate and large demand for nutrients; this 
results in a nutrient deficiency, 3) there is the release of 
septic wastes or septage (compounds produced through 
sulfide formation and fermentation); this results in the 
proliferation or “bloom” of filamentous organisms.

Fermentation is beneficial to a wastewater treatment 
plant if it occurs in enhanced biological phosphorus 
removal (EBPR) processes and anaerobic digesters. In EBPR 

fermentation is necessary to have fatty acids produced 
(especially acetic acid) that promote biological phosphorus 
release. In anaerobic digesters fermentation is necessary 
to produce the substrate or cBOD that are necessary for 
methane production.

Changes in alkalinity
Changes in alkalinity occur in wastewater due to cBOD 

degradation. Some forms of respiration produce alkalinity, 
while some forms of respiration destroy alkalinity. 
Wastewater treatment plants operate at a near neutral pH. 
At a near neutral pH alkalinity exists as bicarbonate (HCO3

-

). Bicarbonate alkalinity is produced when the hydroxyl 
ion (OH-) produced during anoxic respiration and sulfide 
formation (Table 1) combine with dissolved carbon dioxide 
to form bicarbonate alkalinity (Equation 5).

OH- + CO2 ------ > HCO3
-

Equation 5 (production of bicarbonate alkalinity)
Alkalinity is destroyed in wastewater when fermentation 

occurs and sulfide is oxidized. Fermentation results in the 
production of a mixture of acids that destroy alkalinity 
(Table 1). During sulfide oxidation, sulfur-oxidizing 
bacteria oxidize sulfide to sulfuric acid to obtain cellular 
energy. Sulfuric acid destroys alkalinity.

ORP
In order to determine what form of respiration is 

occurring in the wastewater, the oxidation-reduction 
potential (ORP) of the wastewater can be monitored. ORP 
is a measurement of the dissolved elements and compounds 
that yield an electrical charge. The charge is measured 
in millivolts (mV). In oxidized wastewater the ORP is 
positive, while in reduced wastewater the ORP is negative. 
The ORP value of the wastewater reveals the biochemical 
reaction (respiration) or form of cBOD degradation that is 
occurring (Table 5).

Table 5
Forms of Respiration and Guideline ORP Ranges of 

Values

Form of Respiration Molecule Used ORP Range of 
Values, mV

Nitrification O2 +100 to +350

Aerobic respiration O2 +50 to +250

Anoxic respiration NO3
- +50 to -50

Sulfide formation SO4
2- -50 to -250

Fermentation Organic -100 to -225

Methane Production Organic < -175
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The following are examples of monitoring ORP and 
the use of corrective operational measures, if necessary to 
provide for acceptable respiration:

If the ORP in a denitrification tank is > +50 mV 
and anoxic respiration is not occurring, too much 
oxygen may be present. Therefore, in order for anoxic 
respiration (denitrification) to occur, the dissolved oxygen 
concentration entering the tank must be lowered or more 
carbon, e.g., methanol (CH3OH) must be added to the tank 
to remove the oxygen in order to permit anoxic respiration. 

If the ORP in a gravity thickener is < -50 mV and sulfide 
formation and fermentation are occurring, the solids in 
the thickener may be removed more often to prevent the 
depletion of dissolved oxygen and nitrate in the thickener. 
By maintaining a residual quantity of oxygen or nitrate, the 
production of offensive odors and the recycle of septage and 
sulfide are prevented. 

If the ORP of an anaerobic digester is > -175 mV and 
acceptable methane production is not occurring, the 
digester feed sludge should be monitored for the presence 
of oxygen and nitrate and if present, they should be 
removed. Oxygen and nitrate raise the ORP of the digester. 
Methanogenic activity is adversely affected by ORP values 
> -175 mV.

If the ORP in a lift station is < -100 mV and odor production 
is occurring, the wastewater in the lift station can be pumped 
out more often to prevent the depletion of dissolved oxygen 
or an oxidizing compound can be added to the lift station to 
increase the ORP. At ORP values > -50 mV sulfide formation 
and fermentation are prevented. Hydrogen peroxide (H2O2) 
is an oxidizing compound and can be added to the lift station 
to increase ORP. S 
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