AGENDA
WORK SESSION
City of Moberly
July 06, 2020
6:00 PM

Requests, Ordinances, and Miscellaneous

A Resolution approving Social Media Training from Mark Fiedelholtz, Social Media Attorney.
Change Order #1 for the Fisk Ave. RTP project

Review of a Change Order #1 for the Rt M Phase 2 Pedestrian Bridge.

An Ordinance Amending Ordinance Number 9587.

An Ordinance Repealing Section 40-715, Subsections (68) And (69) And Replacing Section 40-715
(67) Of The Moberly City Code.

Discussion of a draft Source Water Protection Plan for Sugar Creek

A request from Moberly Chamber of Commerce to hold their annual Junk Junction and to close of
the 200, 300, 400, and 500 blocks of W. Reed on September 19, 2020 from 5 a.m. to 7:00 p.m.
Consideration of a contract involving the old Junior High building.

Review of a Caselle Contract Agreement

. Engineering Design Scopes of Work
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City of Moberly Agenda Number:
City Council Agenda Summary P Date.

WS #1.

City Hall

July 6, 2020

Agenda Item: A Resolution approving Social Media Training from Mark Fiedelholtz, Social

Media Attorney.

Summary: - _ _ o
Training of employees on how to properly use social media and limit exposure
to civil liability personally and professionally is urgently needed. Social Media
Attorney, Mark Fiedelholtz has created an on-line training course titled How
to Avoid Social Media Lawsuits and updates our current social media policies
so the policy complies with new federal standards and gives all employees
24/7 access on any device. Cost is 3,900.00 dollars for approximately 129
employees.
Recommended Direct staff to bring to the July 20, 2020 Council meeting for final approval.
Action:
Fund Name: N/A
Account Number: N/A
Available Budget $: N/A
ATTACHMENTS: Roll Call Aye Nay
_ Memo ___ Council Minutes Mayor
_x__ Staff Report __ Proposed Ordinance M___ S Jeffrey _
___ Correspondence __ Proposed Resolution
| Bid Tabulation ___ Attorney’s Report Council Member
. P/IC Recommendation ____ Petition M___ S Brubaker _
| P/C Minutes ____ Contract M___ S Kimmons _
Application __ Budget Amendment M__ S Davis _
| Citizen __ Legal Notice M__ S__ Kyser
| Consultant Report Other Passed  Failed
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SHARE:

Join Our Email List

A New Powerful $9 Per Person Online Course That
Protects Pubic Employees From Social Media Liability.

Finally, Expert Social Media Liability Training
That Won't Deplete Your Training Budget...

Compare The Costs Of My Online Course...




Per Person LAWSU IT

Group Rate

* There is a one time portal set-up fee of $297 that covers your entire
organization. You do not pay this fee again, even if | develop a new course.

Call Now To Register Your Group: 954-748-7698

In A Lawsuit, Your Social Media Policy Isn't
Worth The Paper It's Written On Without Proof
That It Was Enforced With Specialized Training.

42 U.S.C. 1983, Canton Ohio v. Harris 489 U.S. 378 (1989)

Employees Learn My Powerful e
3 Step Red Flaq Svstem : HO‘\ll.TlvahA\‘.'.oldS“o‘cia‘I.Me.d‘Ié

Investigation Lawsulis

 Avoid libel and libel by implication

* Retweet without fear of liability

* Learn nuances in the First Amendment

e Create memes, hashtags without liability
e Control negative reviews

e Learn new video privacy laws Video: Course Overview
 Use live streaming without legal fears

i
|
_1
|

Detailed Outline

"Through this training my unawareness

WS #1.

became knowledge and my fear became Full Bio
conficenie el competinee.” Frequently Asked Questions
- Acting City Manager Doug Hutchens, Before And After Comments

Dunedin, FL
Registration Deadline: November 11, 2019

Call Now To Register Your Group: 954-748-7698

Learn More




SUMMARY OF LEGAL CASES

S ocial Media Policy Federal Standards: Liverman v. City of Petersburg 844 F.3d
400 (2016), Social Media and Smartphones Are High Risk Platforms: Packingham
v. North Carolina 137 S. Ct. 1730 (2017), Riley v. California 134 S. Ct. 2473 (2014),
Elonis v. U.S. 135 S. Ct. 2001 (2015), Privacy Issues: 1st,,4th Amendment of the
U.S. Constitution, City of Ontario, California v. Quon 130 S. Ct. 2619 (2010),
Unprotected Opinions: Milkovich v. Lorain Journal Company, 497 U.S. 1 (1990),
Obvious Need For Training Standards: 42 U.S. 1983, Training Standards, City of
Canton, Ohio v. Harris 489 U.S. 378 (1989), Monell v. Department of Social
Services, 436 U.S. 658 (1978). Qualified Immunity: qualified immunity applies so
long as the official conduct of the individual defendant "does not violate clearly
established statutory or constitutional rights of which a reasonable person would
have known. Harlow v. Fitzgerald, 457 U.S. 800, 818 (1982), White v. Pauly, 137
S. Ct. 548, 551 (2017 ), Anderson v. Creighton, 483 U.S. 635, 640 (1987 ),
Pearson v. Callahan, 555 U.S. 223 (2009). Cahoo v SAS Analytics Inc. 912 F.3d
887 (Cir. 2019). Affirmative Defense For Harassment and Other High Liability
Issues : Faragher v. City of Boca Raton, 524 U.S. 775 (1998), Burlington Industries
Inc. v. Ellerth, 524 U.S. 742(1998). State of Mind For Punitive Damages Kolstad v.
American Dental Ass'n, 119 S. Ct. 218 (1999).

Phone: 954-748-7698

CI® Executive Sy,

Email:Mark@newsocialmedialaw.com

4{%\ | N— | Wesbsite: legallysafesocialmedia.com
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Brand New Online Course , m";‘ WS #1.

How to Avoid
Social Media 5
I:iability A

City Of Moberly
Social Media Liability Program Proposal

Goal: There are three primary goals in delivering this specialized social media liability program:

1) Comply with the new U.S. Supreme Court and federal rulings regarding Social Media Policy and
Training Standards. See Liverman v. City of Petersburg 844 F.3d 400 (2016)

2) Mitigate growing professional and personal social media liability exposure to employees
(i.e. defamation, harassment, discrimination, invasion of privacy, intentional infliction of emotional
distress, copyright infringement)

3) The online course acts as direct evidence that you delivered specialized social media liability
training to your employees. This proof acts to weaken claims that you showed “deliberate
indifference” to training where the need was obvious. See 42 U.S. 1983 Training Standards, City of Canton,
Ohio v. Harris 489 U.S. 378 (1989), Monell v. Department of Social Services, 436 U.S. 658 (1978).

Instructor Credentials

Social Media Attorney Mark Fiedelholtz is considered one of the leading national experts and trainers
in social media liability. He has trained over 30,000 public sector employees and has been researching
and teaching digital media law for thirty years. Here are his specific credentials:

Member of the Florida Bar

Juris Doctorate, St. Thomas Law School, Miami, FL

Masters Public Administration, American University, Washington, D.C.
Bachelor of Arts, Political Science, American University, Washington D.C.
30 years practicing electronic media law

Trained over 100,000 professionals

Written 150+ social media policies

200 hours a month researching social media

Featured speaker at national conferences

Former network television anchor

Former White House television reporter

UPI Best Documentary Award

Principle parts in movies and commercials




HOW TO AVOID SOCIAL MEDIA LIABILITY
SPECIALIZED PROGRAMS
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(3 Component Parts)

Component #1: Policy Construction

Project

Time Line

Write Social Media Policy

First Draft In Two Weeks

Initial Phone Conference

One Hour

Follow-Up Emails, Phone Conferences

One to Three Months

Completed Social Media Policy

One to Three Months

Discount On Other Policies In The Future

To Be Negotiated

Component #2: Online Social Media Liability Course - Estimated 139 Employees

Project

Time Line

You send us your list of participants

Within 1 week all course invitations are sent out

Employees finish 6 core modules (1 hour each)

One year from to complete course

Legal Updates Included In The Program

One year of access to our podcasts, videos, webinars

Q&A Email Sessions

Participants can send me questions by email

Technical and Content Support

Timely answers to pressing questions

Course Completion

Course completed within one year, | send certificate.

Detailed Course Outline

* You don’t have to send all the participant emails at once. Your social media team or designated
person can send the emails ad hoc. We will send the course invitations out within 24 hours and then
invoice you out once a month or other time frame determined by both parties.

Component #3: One Year Consultation

Social Media Attorney Fiedelholtz will be available for one year from the date of signing the contract
to engage in scheduled phone consultations and emails to address any social media legal questions that

may arise.

Total Cost: $3,900 for around 129 people.



https://files.constantcontact.com/f66edc5d001/ea78c74c-2b88-483c-8ff0-801faee3885f.pdf

Cost Comparison and Perspective WS #1,

$3,000 | o séodados

Expert Social Media Policy
and Training Program

LAWSUIT

Lawsuit Costs: The average social media related lawsuit (i.e. defamation, harassment, invasion of privacy,
copyright infringement) is around $500,000+. Your program is $3,900.

Insurance Premium Hikes: It should be noted that many insurance carriers are starting to classify social media
mistakes as “intentional acts”, not accidents and denying coverage. Also, following a social media injury claim,
your premiums will dramatically increase which could cost the taxpayer more money.

Policy Costs: The policy cost in this type of package for a smaller city is around $1900. The policy I’'m writing
for you normally takes approximately 40 hours which includes drafting, phone conferences, emails, and 3
months of follow-up. My normal price is $225 an hour x 40 = $9,000. You save $7,100 dollars.

Online Course Costs: The online course | quoted you comes out to around $15 per person based on a one-year
license to train up to 129 city employees. My normal online course ranges from $47 to $97 per person
(With this package you save at least $4,128 dollars based on the low end of what | charge per person
which is $47 per person.)

One Year Consultation: Most specialized in-house attorneys with my 30 years of media law experience would
not offer this type of service or would just charge per hour $225 per hour. Normally, my one-year retainer
agreements are around $50,000 which includes the ability to schedule phone calls and email me during the year.
So, the one-year consultation service is a big savings to your department.

Total Program Savings (Excludes Possible Legal Damages You Would Pay Out In A Settlement, Judgement or
Insurance Premium Increase): Based on my normal fees you save You save around $11, 228 from my normal
fees. | know of no other media law attorney with my experience that offers this type of comprehensive program
for $3,900.

Helpful Links On Why This Specialized Training Is So Urgent

Watch This Video On The Need For Specialized Training

Podcast: 3 Myths That Delay This Urgent Training

Webinar: Online Course Roadmap

Webinar: Why My Policy Drafting Program Is So Powerful

5 Negligent Attitudes To Avoid

Petersburg Case Take-Aways

What Triggers Personally Liability

Model Policy Questions You Are Asked In A Lawsuit
3

8



https://youtu.be/k7f5-HtdD_4
https://youtu.be/PvmBwxWUBTs
https://youtu.be/PvmBwxWUBTs
https://youtu.be/yDwGGM-YhTc
https://www.youtube.com/watch?v=UYtjyfUf9hw
https://conta.cc/2EBnCZm
https://files.constantcontact.com/f66edc5d001/341ffdbd-4202-4431-8482-db36877243c7.pdf
https://files.constantcontact.com/f66edc5d001/c5a26654-a2d3-431d-ada7-c5b8b4a1ddeb.pdf
http://files.constantcontact.com/f66edc5d001/141da8ac-dea3-4e89-a1ec-61120a0ebf6e.pdf

Frequently Asked Questions About Our Expert Programs

Model Policy Questions You Are Asked In A Lawsuit

Does Your Policy Have These Components

Why P10Os, PR Are Vulnerable To Unlicensed Practice Of Law Claims

WS #1.

Read This White Paper Before You Update Your Policy



http://files.constantcontact.com/f66edc5d001/658ae486-2164-4348-8730-9aade0377ce8.pdf
http://files.constantcontact.com/f66edc5d001/658ae486-2164-4348-8730-9aade0377ce8.pdf
http://files.constantcontact.com/f66edc5d001/141da8ac-dea3-4e89-a1ec-61120a0ebf6e.pdf
http://conta.cc/2kTytAm
http://conta.cc/2kTytAm
http://files.constantcontact.com/f66edc5d001/2a68aeeb-ba61-490d-be25-be952eeda610.pdf
https://conta.cc/2EwT4bb
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The Need To Reevaluate Social Media Risk Exposure
By Social Media Attorney Mark Fiedelholtz

Frequently Asked Questions

Question: Why do loss control professionals need to reevaluate their social media risk exposure?

Answer: In the traditional public sector communications structure thirteen years ago (Pre-Facebook
and Twitter), only a Public Information Officer, government decision maker, or marketing professional
had access to mass media communications. There was no need for mass media law training beyond the
top decision makers, communications professionals and marketing staff.

However, in the past thirteen years, technological developments in personal devices combined with an
open access business model offered by social media platforms (Facebook, Twitter, Instagram,
WhatsApp, Live Streaming) has shifted the power of mass media broadcasting from a few employees
to every employee who desired to access social media platforms. This power shift has created a critical
need for all employees to receive core social media law training in the areas of defamation, copyright
infringement, privacy issues, First Amendment issues, and other mass media liabilities. Without this
specialized training, there is heightened risk exposure for employees which translates into big dollar
settlements and judgments.

Question: What makes social media risk exposure so different than other risk exposures?
Here are the big differences that make social media risk exposure unique:

e Employers are encouraging employees to use powerful social media mediums that can
permanently destroy a person’s reputation worldwide. They are encouraging employees to
become brand ambassadors or enhance citizen engagement without in-depth social media
liability training. Many governments are focusing on social media marketing without having a
social media law expert train employee on the hidden liabilities in the social media speech
laws. Courts find this oversight negligent conduct and ripe for a 1983 inadequate training
lawsuit.

10




e Every employee has the broadcasting power to destroy a person’s reputation worldwide.

WS #1.

e Attorneys and communication professionals can’t monitor every “real time” post or tweet. This
fact reinforces the need for all employees to receive expert social media liability training.

e There are no takebacks, social media comments become a permanent digital footprint on the
Internet landscape.

e Under 42 U.S.C, employees making social media mistakes can be sued in their official capacity
and individually. As plaintiff attorneys seek more revenue streams in high dollar social media
cases, the risk exposure of employees and decision makers being sued personally for social
media mistakes and defective policies heighten. Also, plaintiff attorneys may sue employees
personally to enhance their trial strategies (i.e. the employee now has personal objectives that
may conflict with the employer’s objectives, especially in a deposition or testimony on the
stand).

e Most harmful social media messages are powered by strong emotions that act as a primer for
defamation, intentional infliction of emotional distress, and other torts.

e Social Media messages are often intentionally targeted at specific classes of people that are
federally protected by clearly established laws which diffuse an argument of “Qualified
Immunity”. Qualified immunity applies so long as the official conduct of the individual
defendant "does not violate clearly established statutory or constitutional rights of which a
reasonable person would have known. Harlow v. Fitzgerald, 457 U.S. 800, 818 (1982), White
v. Pauly, 137 S. Ct. 548, 551 (2017), Anderson v. Creighton, 483 U.S. 635, 640 (1987 ),
Pearson v. Callahan, 555 U.S. 223 (2009). Cahoo v SAS Analytics Inc. 912 F.3d 887 (Cir.
2019).

e Juries are more inclined to find punitive damages in social media cases, because the employee
intentionally weaponized a powerful social media platform to harm a person or group in front
of millions; also, there is a permanency to the comments. Additionally, in proving a workplace
hostile environment case, social media is good evidence because it’s inherently severe and
pervasive (you are reaching millions of people and the comments are permanent footprints on
the digital landscape).

e The intentionality of most social media messages opens the door for insurance carriers to deny
claims (i..e. intentional exception act). Even if the claims are covered, premiums will skyrocket
which directly impacts the taxpayer.

Question: How have the courts and Congress weighed in on this paradigm shift.

Dating back to the 1980s and 1990s, there was significant legislation passed to recognize the growing
power of mass media platforms. For instance, Congress passed the Computer Fraud and Abuse Act of
1986, Electronic Communications Privacy Act of 1986, and the Health Insurance Portability And
Accountability Act of 1996 and other computer hacking and cyberbullying laws.

11




As for our courts, the U.S. Supreme Court now classifies social media and smartphones as “high
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liability” legal topics. This new legal standard compels all employers to reassess their present approacm
to social media employee training and policy development. See Packingham v. North Carolina 137 S.
Ct. 1730 (2017), Riley v. California 134 S. Ct. 2473 (2014), Elonis v. U.S. 135 S. Ct. 2001 (2015), City
of Ontario, California v. Quon 130 S. Ct. 2619 (2010), Liverman v. City of Petersburg 844 F.3d 400
(2016), Social Media and Smartphones Are High Risk Platforms.

Question: Why can’t we have our own attorneys draft a social media policy or just replicate a
model policy from a reputable policy service or association?

Simply put, busy in-house attorneys aren’t social media law experts and professional trainers. The
United States Supreme Court and federal courts have developed a body of law stating that written
policies in the public sector, especially concerning “high liability” areas, must be enforced with
specifically targeted employee training. The instructor who is an expert in that area; general warnings
will not suffice under 42 U.S.C. 1983. See Need For More In-Depth Training Is Obvious:

42 U.S. 1983, Training Standards, City of Canton, Ohio v. Harris 489 U.S. 378 (1989), Monell v.
Department of Social Services, 436 U.S. 658 (1978). Training Requirements To Capture An
Affirmative Defense For Harassment and Other High Liability Issues: Faragher v. City of Boca
Raton, 524 U.S. 775 (1998), Burlington Industries Inc. v. Ellerth, 524 U.S. 742(1998). State of Mind
For Punitive Damages Kolstad v. American Dental Ass'n, 119 S. Ct. 218 (1999). Here are some
important points on the need for specialized social media law training and policy development:

e Workplace policies, especially on “high liability” topics, must avoid vague language and be
customized to reflect the “operational realities” of that organization. Liverman v. City of
Petersburg 844 F.3d 400 (2016), City of Ontario, California v. Quon 130 S. Ct. 2619 (2010)

e In-house attorneys are placing their trust in boilerplate policies drafted by reputable
associations and policy services. Did the in-house attorney perform their due diligence by
discovering who wrote the social media policy or did he or she just assume since it was a
reputable organization, the policy was credible. This distinction will be amplified in a lawsuit.

e Ina lawsuit, in-house attorneys are finding out their model policies have big gaps; this is
especially true with reference to the First Amendment policy language.

e The landmark case of Liverman v. City of Petersburg, is emblematic of the risk in tasking busy
in-house attorneys to become overnight social media law experts and write social media
policies. In fact, they aren’t social media law experts. In a desperation to write a social media
policy that is legally sound, in-house attorneys unknowingly seek incorrect outside information
from reputable conferences and model policies. In the Liverman case this is exactly what
happened. The in-house attorney wasn’t a social media law expert and formulated her social
media policy based on information from a nationally respected association conference and
other police agencies. The 4" U.S. Circuit Court of Appeals ruled that the attorney’s policy
language was unconstitutionally vague, especially with reference to the “free speech” language
in the social media policy. The city admitted municipal liability for placing two police officers
on probation based on the defective policy. The city paid out a hefty settlement.

12




e Judges conclude it’s unreasonable to assume a busy in-house attorney has the same skill level| ws #1.

to write a social media policy as a 30-year media attorney specializing in social media law.

e Ina lawsuit, governments are realizing they had false sense of security trusting model policies
just because they come from a reputable organization. These policies don’t hold up in court and
leave governments vulnerable in a lawsuit to pay out big dollar settlements and judgments.

Question: How do we develop an effective training program?

To compensate for the historical shift from a heavily regulated mass media access paradigm to a wide-
open mass media access paradigm, there must be a dramatic shift in your analytical perspective. My
specialized social media liability training and policy development is based on the following:

v To build an effective social media liability training program, you must approach the problem
through a different analytical lens. Social Media is about broadcasting and publishing that
warrants solid media law solutions, not just traditional employment law verbal warnings.

v Yes, there is some crossover between media law and employment law(i.e. defamation,
harassment, retaliation), but the powerful strategies | have developed are based on educating
newly minted broadcasters and publishers on core mass media laws. For instance, in journalism
school you would be required to take a few mass media law courses.

v" There must be a clear understanding that social media is no longer exclusively a public
relations issue. As stated before, the U.S. Supreme Court and federal courts recognize social
media as a high liability legal topic. The credentials of your instructor and course content must
reflect this new designation as a specialized area of the law. Also, non-lawyers must be very
careful teaching courses that involve social media legal issues; they could be exposed to
unlicensed practice of law claims. All social media marketing courses should include an outside
social media attorney training employee on the nuances of the new social media speech laws.

v To defeat 1983 inadequate training claims, the instructor must be a media attorney who
specializes in social media law, not just a busy in-house attorney In a 1983 inadequate training
lawsuit or tort claim, you must provide documented evidence that your training reflected the
proper risk exposure. More specifically, to sustain judicial review your training must reflect the
fact that all employees have the social media access and power to permanently destroy a
person’s reputation worldwide. Verbal warnings given by busy in-house attorneys or non-
lawyers or lightly addressing serious liability issues, won’t protect the organization in a lawsuit.

Conclusion

Based on 30, 000 seminar attendees and over 800 online course participants, | can say with certainty
that public employees nationwide are unaware of even basic social media liability issues. This gap is
costing governments millions in settlements and judgements. If this training gap isn’t properly address
with expert social media training and policy development, both small and large governmental entities
will suffer severe financial loses, especially the small governments existing on a shoe-string budget.

13




The biggest problem is the failure of governments to recognize that courts classify social media as WS #1.

“high liability” topic. Social Media no longer impacts just the communications or marketing
professionals, they impact the constitutional rights of every employee in the workplace, and the third
parties that receive their messages. Social Media platforms and digital media are being used by most
employees to accomplish critical internal or external critical governmental operations. Also, social
media, texts, and other digital media greatly impact the dissemination and archiving of public records.

Being an attorney or attending a few seminars doesn’t qualify you as a media law expert. [ don’t have
the qualifications to write real estate contracts just because I’'m an attorney. Like doctors, today’s
attorneys are specialists. If governments continue to rely on busy in-house attorneys to update
employee social media training and policies, they stand to lose millions of dollars, the public trust,
incur personal liability, and careers will be destroyed.

I compare inadequate social media policy and training to driving a NASCAR Race Car. A persona may
know how to drive a car, but not a NASCAR Race Car that accelerates from 0 to 60 in 3 seconds.
Inevitably the drive will suffer a horrible crash. Applying this analogy to an employee who didn’t
receive expert social media liability training, inevitably both the employee’s career and personal
finances will suffer a horrible crash.

SUMMARY OF LEGAL CASES

Social Media Policy Federal Standards: Liverman v. City of Petersburg 844 F.3d 400 (2016), Social
Media and Smartphones Are High Risk Platforms: Packingham v. North Carolina 137 S. Ct. 1730
(2017), Riley v. California 134 S. Ct. 2473 (2014), Elonis v. U.S. 135 S. Ct. 2001 (2015), Privacy
Issues: 1st,,4th Amendment of the U.S. Constitution, City of Ontario, California v. Quon 130 S. Ct.
2619 (2010), Unprotected Opinions: Milkovich v. Lorain Journal Company, 497 U.S. 1
(1990), Obvious Need For Training Standards: 42 U.S. 1983, Training Standards, City of Canton,
Ohio v. Harris 489 U.S. 378 (1989), Monell v. Department of Social Services, 436 U.S. 658
(1978). Qualified Immunity: qualified immunity applies so long as the official conduct of the
individual defendant "does not violate clearly established statutory or constitutional rights of which a
reasonable person would have known. Harlow v. Fitzgerald, 457 U.S. 800, 818 (1982), White v. Pauly,
137 S. Ct. 548, 551 (2017), Anderson v. Creighton, 483 U.S. 635, 640 (1987 ), Pearson v. Callahan,
555 U.S. 223 (2009). Cahoo v SAS Analytics Inc. 912 F.3d 887 (Cir. 2019). Affirmative Defense For
Harassment and Other High Liability Issues: Faragher v. City of Boca Raton, 524 U.S. 775 (1998),
Burlington Industries Inc. v. Ellerth, 524 U.S. 742(1998). State of Mind For Punitive Damages Kolstad
v. American Dental Ass'n, 119 S. Ct. 218 (1999).
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City of Moberly
City Council Agenda Summary

Agenda Number:
Department:
Date:

WS #2.

Public Works

July 6, 2020

Agenda Item:

Summary:

Recommended
Action:

Fund Name:
Account Number:

Available Budget $:

Change Order #1 for the Fisk Ave. RTP project.

Please find attached the change order with an increase of $3,528.00.

The contract price prior to this change order was $190,017.34. The new price

is $193,545.34

Staff recommends approval of this.

Direct staff to bring forward to the July 20, 2020 regular City Council meeting

for final approval.
Transportation Trust
600.178.5409

-43,027.57

ATTACHMENTS:

__ Memo

__ Staff Report

____ Correspondence

___ Bid Tabulation
____PI/IC Recommendation
____P/C Minutes
___Application

____ Citizen

__ Consultant Report

____ Council Minutes

__ Proposed Ordinance

__ Proposed Resolution

___ Attorney’s Report

____ Petition

____ Contract

__ Budget Amendment

__ Legal Notice
Xx__Other Agreement

Mayor

M__

Council Member
_ S___

=L

Roll Call
S Jeffrey
Brubaker
S Kimmons
S Davis
S Kyser

Passed

Aye

Failed

Nay

15




WS #2.

Change Order No. T
Date of Issuance: June 15, 2020 Effective Date: June 15, 2020
Owner: City of Moberly Owner's Contract No.:
Contractor: JT Holman Construction, LLC. Contractor’s Project No.:
Engineer:  McClure Engineering Company Engineer's Project No.: ~ 180021-050
Project: Fisk Avenue Trail Improvements Contract Name: Fisk Ave. Trail
Improvements

The Contract is modified as follows upon execution of this Change Order: Description: While constructing the
trail at the intersection of the entrance to MACC and Fisk Avenue, it was discovered the entrance concrete is in
poor condition and needing replaced to better accommodate the trail crossing. The following item will be
overrun in the amount shown below. Also see attached Line Item Quantity Summary as well.

Line Item Number 8 “6” thick Concrete Driveway Repair on compacted Type 1 base rock” Total additional cost
=49 SY x $72 = 53,528.00

Additionally, days are being added for unsuitable weather through the winter and scheduling conflicts.

Attachments: Line Item Quantity Summary

CHANGE IN CONTRACT PRICE CHANGE IN CONTRACT TIMES
Original Contract Price: Original Contract Times:
Substantial Completion: December 6, 2019
$190,017.34 Ready for Final Payment: December 21, 2019
days or dates
Increase from previously approved Change Orders No. [Increase] from previously approved Change Orders No.
to No. __: to No. __:
Substantial Completion: 0
SO Ready for Final Payment: 0
days or dates
Contract Price prior to this Change Order: Contract Times prior to this Change Order:
Substantial Completion: December 6, 2019
$190,017.34 Ready for Final Payment: December 21, 2019
days or dates
Increase of this Change Order: Increase of this Change Order:
Substantial Completion: _165 days
$.3,528.00 Ready for Final Payment: _179 days
days or dates
Contract Price incorporating this Change Order: Contract Times with all approved Change Orders:
Substantial Completion: May 19, 2020
$193,545.34 Ready for Final Payment: June 2, 2020
days or dates
RFCOMMENDED: ACCEPTED: ACCEPTED:
By: (S BRSNS By By: T (e
Engineer - McClure Owner — City of Moberly JT Holman Construction, LLC.
Title:  Project Manager Title: Title: Project Manager
Date: 2020-06-15 Date Date 6/16/2020

EJCDC® C-941, C Order.
Prepared and published 2013 by the Engine 16 t Contract Documents Committee.

Page
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Dell T3620
Text Box
Project Manager
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City of Moberly
City Council Agenda Summary

Agenda Number:
Department:
Date:

WS #3.

Public Works

July 6, 2020

Agenda Item:

Summary:

Recommended
Action:

Fund Name:
Account Number:

Available Budget $:

Change Order #1 for the Rt M Phase 2 Pedestrian Bridge.

Please find attached the change order with an increase of 13% of the total cost

($41,884.80).

Also attached is a copy of the letter from Bartlett and West explaining the

change order.

Staff recommends approval of this.

Direct staff to bring forward to the July 20, 2020 regular City Council meeting

for final approval.
Transportation Trust
600.168.5409

19,657.88

ATTACHMENTS:

____ Memo

___ Staff Report

__ Correspondence
____Bid Tabulation
____P/IC Recommendation
____P/C Minutes

__ Application

____ Citizen

__ Consultant Report

____ Council Minutes

__ Proposed Ordinance

__ Proposed Resolution

___ Attorney’s Report

____ Petition

____ Contract

__ Budget Amendment

__ Legal Notice
x__Other Agreement

Roll Call

Mayor

M__ S Jeffrey

Council Member

M__ S___

M__ S___
M__ S___
M__ S__

Brubaker
Kimmons
Davis
Kyser

Passed

Aye

Failed

Nay
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CHANGE ORDER
Change Order No.__ 1

SheetNo. I of 1 County _Randolph
Route M

To Rhad A Baker Construction Contractor Project TAP-4500(209)

You are hereby directed to make the following changes from the contract. Job No. _TAP-4500(209)

s 0% % o% oo 0% o% o% LR LRI e 0% o% o% 0% 6% % 0% o, o, % 0% o% 0% 0% 6% 0% o 0% o o% o°.
o s ole s o7s %0 o o
EXE X RN RO SRS NE XX XE XXX XK X R XSS XEXEXEX NIRRT

% o% o% o% o O 'y
) o % 0 07 797 %97 6% %% %% %% % o 0% %% %% %

CAIR 9, o o, 9% o% o%

.
DOEXS

I. Description and Reason for Change (Attach Supplemental Sheets if Required)

The quantities for the bridge abutment were modified based on the final design provided in the procurment phase of
this project by the bridge supplyer. No aggregate base was specified so the quatity will be set to 0 CY. The abutment
concrete (CY), abutment steel (LB) and abutment aggregate backfill (CY) are changed based on the final approved
shop drawing to the quantities noted below.

2. Estimate of Cost of work Affected by this Change Order.

WS #3.

(\) (B) (€) (D) (E) (F) (G) (H) (U]
Unit CONTRACT UNITS UNITS UNITS CONTRACT AMOUNIT AMOUNT
ITEM ITEM DESCRIPTION PREVIOUSLY TO BE OVERRUN, OR AGREED OF OVERRUN | OF UNDERRUN
NO PROVIDED | CONSTRUCTED | UNDERRUN, UNIT PRICE OR PLUS OR MINUS
FOR CONTINGENT CONTINGENT CONTINGENT
SY 608-60.04 | Concrete Sidewalk, 4 in. 19.0 29.0 10.0 $265.00  |$2.650.00 |S
CY  {703-99.01 | Pedestrian Bridge Abutment |12.0 28.0 16.0 $700.00  |$11.200.00 |$
Concrete
LB ]703-99.02| Pedestrian Bridge Abutment [1300.0 {3.458.7 1.958.7 |$4.00 $7.854.80
Reinforcing Steel
CY  1703-99.03 | Pedestrian Bridge Abutment |4.0 0.0 -4.0 $3.000.00 $12.000.00
Aggregate Base
CY  1703-99.04 | Aggregate Backfill 2.0 32.2 30.2 $1.000.00 |$30.200.00

TOTALS |$51.884.80 [$12.000.00

3. Settlement for Cost of the above Change to be made at Contract Unit Price Except as Noted:

. CONTRACT AMOUNT $91.535.00 The Terms of Settlement outhned above are hereby agreed 1o

2. OVERRUN THIS ORDER $41.884.80

3 OVERRUN PREVIOUS $0.00 CONTRACTOR /
4. TOTAL OVERRUN TO DATE $41.884 80 by : = e $‘J J 11202
= 7
5 TOTAL S131.419.80 Date
6/11/2020
SUBMITTED  ENGINEER DATE
APPROVAL RECOMMENDED LOCAL AGENCY DATE
APPROVAL RECOMMENDED MODOT DATE
APPROVED MODOT CONSTRUCTION DATE B
Fig. 136.11.2 Revised 01-01-09
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B tl tt 1719 Southridge Drive, Suite 100
ar e Jefferson City, MO 65109
WeSt ph (573) 634-3181

6-22-20

Tom Sanders

City of Moberly

101 W Reed St.
Moberly, MO 65270

Re: Route M Change Order
Dear Tom,

Please find attached a final change order for the Route M sidewalk project. This change
reflects additional material used in the construction of the pedestrian bridge abutments
including concrete, reinforcing steel and aggregate backfill.

Our estimated bid quantities were based on our past experience with similar projects,
however those were exceed by the design requirements of the bridge manufacturer.
The manufacturer designed the abutments on the load requirements of their pre-
manufactured bridge. The overage in the change order reflects the difference between
our estimate and the manufacturer’s design.

The amount of the change order is 13% of the total cost of construction for the project.
This falls within the threshold we strive to keep within for a project, but recognize this is
something no one likes to see. We have a long relationship with the City, and consider
ourselves trusted partners, therefore we would like to help. We propose to assist the
City in the preparation of its next transportation grant (similar to the scope of services
provided on previous TAP applications) at minimal, or no cost.

Thank you for allowing us to work on this and other projects for the City. Don't hesitate
to contact us if you have any questions.

Regards,

S4 Sy

Steve Schultz, PE

& Oriving Community and Industry Forward, Tog
19




City of Moberly
City Council Agenda Summary

Agenda Number:
Department:
Date:

WS #4.

Public Works

July 6, 2020

Agenda Item: An Ordinance Amending Ordinance Number 9587.

Summary:

Recommended
Action:

Fund Name:
Account Number:

Available Budget $:

When we previously revised Pig n Bun and KWI1X to Shepherd Brothers Blvd,
we did not include the section of KWIX road that extends across Gratz Brown
to the YMCA. That facility is addressed on KWIX currently. This ordinance
would include that section of road as Shepherd Brothers Blvd. The YMCA is

aware of this and was requesting their address change.

Staff recommends approval of this.

Direct staff to bring forward to the July 20, 2020 regular City Council meeting

for final approval.
N/A
N/A

N/A

ATTACHMENTS:

____Memo

__ Staff Report

__ Correspondence
____Bid Tabulation
____P/IC Recommendation
____P/C Minutes

__ Application

____ Citizen

__ Consultant Report

____ Council Minutes
_Xx__ Proposed Ordinance
__ Proposed Resolution
___ Attorney’s Report
____ Petition
____ Contract
__ Budget Amendment
__ Legal Notice

Other

Roll Call

Mayor

M__ S__ Jeffrey

Council Member

M__ S___

M__ S___
M__ S___
M__ S__

Brubaker
Kimmons
Davis
Kyser

Aye

Passed

Nay

Failed
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BILL NO: ORDINANCE NO:

AN ORDINANCE AMENDING ORDINANCE NUMBER 9587.

WHEREAS, on January 21, 2020 this council, by Resolution, declared a change of name was
necessary for KWIX Road from Gratz-Brown to S. Morley and Pig-N-Bun Road from S.
Morley to S. Williams to Shepherd Brothers Boulevard; and

WHEREAS, said Resolution was published at least one week in the Moberly Monitor-Index;
and

WHEREAS, during the four-week period following publication of said Resolution no resident
property owner along the line of such streets filed written protest against such proposed change
of name; and

WHEREAS, on March 16, 2020, this council adopted Ordinance No. 9587 changing the names
of KWIX Road from S. Morley Street to Gratz Brown Street and Pig-N- Bun Road from S.
Morley Street to S. Williams Street to Shepherd Brothers Boulevard; and

WHEREAS, the name change should have provided that the names of KWIX Road from S.
Morley Street south to the south end of KWIX Road and Pig-N-Bun Road from S. Morley
Street to S. Williams Street be changed to Shepherd Brothers Boulevard.

NOW, THEREFORE, BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF
MOBERLY, MISSOURI TO WIT:

SECTION ONE: Pursuant to Article 11 of Chapter 36, Section 40 of the Moberly City
Code the names of KWIX Road from S. Morley Street south to the south end of KWIX Road
and Pig-N-Bun Road from S. Morley to S. Williams are changed to Shepherd Brothers
Boulevard.

SECTION TWO: The City Clerk is hereby directed to file with the county recorder of
deeds a certified copy of this Ordinance.

SECTION THREE: This ordinance shall take immediate effect upon passage by the city
council.

PASSED AND ADOPTED by the Council of the City of Moberly, Missouri, this

day of , 2020.

Presiding Officer at Meeting
ATTEST:

City Clerk 2t




City of Moberly
City Council Agenda Summary

Agenda Number:
Department:
Date:

WS #5.

Public Works

July 6, 2020

Agenda Item:

Summary:

Recommended
Action:

Fund Name:
Account Number:

Available Budget $:

An Ordinance Repealing Section 40-715, Subsections (68) And (69) And

Replacing Section 40-715 (67) Of The Moberly City Code.

This proposed amendment cleans up the no parking ordinances for Gratz-

Brown which were previously in conflict with each other and still referenced

KWIX road. The only effective change made is that the no parking on the

West side of Gratz-Brown between McKinsey and Logan was extended from
Logan on North to Rollins. The school buses were having difficulty weaving
through parked vehicles on both sides of the street.

Staff recommends approval of this.

Direct staff to bring forward to regular July 20, 2020 City Council meeting for

final approval.
N/A
N/A

N/A

ATTACHMENTS:

__ Memo

__ Staff Report

__ Correspondence
____Bid Tabulation
_____PI/IC Recommendation
____P/C Minutes

___ Application

____ Citizen

__ Consultant Report

___ Council Minutes
_Xx__ Proposed Ordinance
__ Proposed Resolution
__ Attorney’s Report
____ Petition
____ Contract
__ Budget Amendment
__ Legal Notice

Other

Roll Call

Mayor

M__ S__ Jeffrey

Council Member

M__ S

M__ S
M__ S
M__ S

Brubaker
Kimmons
Davis
Kyser

Aye

Passed

Nay

Failed
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BILL NO: ORDINANCE NO:

AN ORDINANCE REPEALING SECTION 40-715, SUBSECTIONS (68) AND (69) AND
REPLACING SECTION 40-715 (67) OF THE MOBERLY CITY CODE.

WHEREAS, Section 40-715 of the Moberly City Code pertains to parking prohibitions on
certain streets; and

WHEREAS, subsections (67), (68) and (69) of 40-715 all provide for parking restrictions on
Gratz Brown Street all of which may be replaced with one subsection; and

WHEREAS, city staff proposes that parking be prohibited on Gratz Brown Street except the
west side from Shepherd Brother’s Boulevard to a point 1.100 feet south of Shepherd Brother’s
Boulevard and the east side from Rollins Street to McKinsey Street.

NOW, THEREFORE, BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF
MOBERLY, MISSOURI TO WIT:

SECTION ONE: Subsections (68) and (69) of Section 40-715 Moberly City Code are
hereby repealed and shall be reserved for future use.

SECTION TWO: Subsection (67) of Section 40-715 of the Moberly City Code is hereby
repealed and replaced with the following:

(67) Gratz Brown Street, both sides, except:
a. west side from Shepherd Brother’s Boulevard to a point 1,100 feet south of Shepherd
Brother’s Boulevard; and
b. east side from Rollins Street to McKinsey Street.
SECTION THREE: This ordinance shall be in full force and effect upon passage by the
City Council.
PASSED AND ADOPTED by the Council of the City of Moberly, Missouri, this

day of , 2020.

Presiding Officer at Meeting

ATTEST:

City Clerk
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67, no parking from McKinsey to East Urbandale (Eliminate)
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68, no parking KWIX to Route M, except for 1,100 ft by school
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City of Moberly
City Council Agenda Summary

Agenda Number:
Department:
Date:

WS #6.

Public Utilities

July 6, 2020

Agenda Item:

Summary:

Recommended
Action:

Fund Name:
Account Number:

Available Budget $:

Discussion Regarding Source Water Protection Plan for Sugar Creek

The draft source water protection plan was previously provided in hard copy
to the City Council as well as during a presentation to the public via webinar

on Tuesday June 23, 2020. Public comments to the draft document are due

July 15. A discussion will be held with the Council to allow for comments to
be included in the final draft of the document before approval by the Council
and submission to DNR.

Authorize staff to complete the final draft of the Sugar Creek Lake Source
Water Protection Plan for approval by the Council at the August 3 Council

meeting.
N/A

N/A

ATTACHMENTS:

____ Memo

_X_ Staff Report

__ Correspondence
____Bid Tabulation
_____PI/IC Recommendation
____P/C Minutes

__ Application

____ Citizen

__ Consultant Report

____ Council Minutes
__ Proposed Ordinance
__ Proposed Resolution
___ Attorney’s Report
___ Petition
____ Contract
__ Budget Amendment
__ Legal Notice

Other

Roll Call

Mayor

M__ S Jeffrey

Council Member

M__ S

M__ S
M__ S___
M__ S__

Brubaker
Kimmons
Davis
Kyser

Aye

Passed

Nay

Failed
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resourceful. naturally. BARR
]

engineering and environmental consultants

Executive Summary of Draft City of Moberly Source Water Protection
Plan

This executive summary describes the key components of the Source Water Protection Plan (Plan), which
is a comprehensive update to the City of Moberly’'s (City) original Source Water Protection Plan (2004
Plan). Two primary objectives of the 2004 Plan included the reduction of disinfection byproducts (DBPs)
and the pursuit of additional water sources to supplement the lake's supply. The goal to reduce DBPs in
the City's produced water has been largely met; however, the City has not yet obtained an additional
water supply source. Due to observed free ammonia spikes in the lake and the other nutrient sample
results, as well as the City’s concerns about long -term water supply, the City determined in 2017 that the
Plan needed to be updated and expanded. The goal of the revised Plan is to set forth strategies and
provide guidance to stakeholders for the protection of Sugar Creek Lake (lake) and its watershed in order

to provide sustainable, reliable, and high quality drinking water supply for the City and its customers.

The development process of the Plan, described in Section 2, included guidance from stakeholders and
public engagement. Stakeholders developed the following purpose statement to guide the planning

process:

“To develop a voluntary program that results in best management practices (BMPs) for activities on Sugar
Creek Lake and its watershed.”

The City used stakeholder input, lake and watershed data, and additional resources to develop the goals,
objectives, and strategies throughout the planning process (Section 3). The goals of this Plan include:

e Goal 1: Maintain and improve water quality for drinking water and aquatic life uses in Sugar Creek
Lake

e Goal 2: Maintain a sustainable quantity of water supply for the City of Moberly and its water
customers

e Goal 3: Provide ongoing opportunities for public and stakeholder engagement regarding water
quality and quantity at Sugar Creek lake and for the City of Moberly

To achieve each goal, the City developed broad objectives with specific implementation strategies
detailed in the Plan.

Section 4 of the Plan describes characteristics of the Sugar Creek watershed relevant to the water quality
of Sugar Creek Lake, including surface waters, physiographic setting and climate, soils and geology, and
land use and land cover. Characteristics of Sugar Creek Lake, including the lake’'s impairment status, water
quality, and sediment quality, are detailed in Section 5 of the Plan.

Barr Engineering Co. 1001 Diamond Ridge, Suite 114 ,g ferson City, MO 65109 573.638.5000 www.barr.com




06/15/2020

The primary water quality concerns at the lake include nutrients and resulting algal blooms, and sediment
loading. Implementation strategies to address these concerns are listed under Goal 1.

Water supply from Sugar Creek Lake is discussed in Section 6 of the Plan. A water supply yield study of
the lake was completed by MDNR in June 2019 to provide an updated understanding of the lake's
capacity to meet the City’s water demands during drought of record (1951-1960) conditions. The 2019
study used USGS bathymetry survey data and Reservoir System Simulation (HEC-ResSim), a simulation
program developed by the U.S. Army Corps of Engineers, to predict the lake’s optimal yield during
drought of record conditions. This was compared to the current City daily water demand of 1.33 MGD.

The study included two scenarios to account for the effects of seepage from the lake’'s dam abutment on
estimated yield during drought conditions. The first scenario, which assumed no seepage throughout the
model run, determined that Sugar Creek Lake could meet the 1.33 MGD demand over ten years during an
extended drought. Approximately 9% of the days of the model run experienced near insufficient water
supply conditions. The second scenario, which accounted for an estimated seepage range of 750 gpm at
full pool to 0 gpm when the lake is empty, concluded the lake's estimated yield, considering seepage, at
1.17 MGD is not sufficient to meet the 1.33 MGD demand.

The yield study also evaluated the lake’s storage due to sedimentation from 2003 to 2033. The analysis
determined that an additional 12 days of insufficient water yield would result from sedimentation
between 2003 and 2033.

MDNR'’s study highlights the significant effects of sedimentation and seepage on available water supply
volume in the lake, including the fact that a portion of the intake is estimated to be buried under
approximately 12 feet of sediment. The study recommends the City take steps to reduce volume lost to
seepage and create a management plan to ensure water supply in the event the intake must be moved to
a higher elevation. A third recommendation of the study is to install USGS level gages upstream of the
lake and at the intake location to more accurately estimate inflow to the lake and lake levels. The City is
currently taking steps to evaluate and construct an engineered solution to significantly reduce the
seepage in the dam abutment.

The final section of the Plan (Section 7), describes the implementation timelines for each of the Plan’s
strategies. The City began to implement several strategies before the finalization of the Plan, while the
implementation of many other strategies is in early stages. The fundamental strategies to accomplish the
goals of this Plan include establishing two stakeholder groups that meet regularly, further developing
partnerships, and seeking funding for Plan implementation. The City intends to review and update this
Plan once every five years to ensure the implementation of strategies to achieve the City’s goals for the
lake, watershed, and long-term water supply.
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WS #6.




Sugar Creek Lake Source Water Protection Plan

Prepared for
City of Moberly

City of

“moberty/

June 2019

1001 Diamond Ridge, Suite 1100
Jefferson City, MO 65109

573.638.5000
www.barr.com




Sugar Creek Lake Source Water Protection Plan
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1.0 Introduction

Sugar Creek Lake (lake) is a 330 acre reservoir on Sugar Creek located approximately 4 miles northwest of
the City of Moberly (City) and serves as the City's sole drinking water source (Large Figure 1 and

Large Figure 2). The City owns the lake and 269 acres adjacent to the shoreline (Large Figure 3). Although
the lake's primary use is drinking water supply for the City, the lake is also used frequently for recreation.
Stakeholder interest in the lake's water quality and quantity include, but are not limited to drinking water
consumers, recreationists, and landowners within the Sugar Creek Lake watershed (watershed). Over the
previous two decades, increased water quality stressors, regulatory drivers, and City population growth
have stimulated increased stakeholder interest in the protection of the lake. This Source Water Protection
Plan (Plan) sets forth strategies and provides guidance to stakeholders for the protection of the lake and
its watershed, in order to provide sustainable, reliable, and high quality drinking water supply for the City
and its customers.

1.1 Background

This Plan is a comprehensive update to the City's original Source Water Protection Plan (2004 Plan). The
purpose of the 2004 Plan was to establish a document that identified major resource issues and strategies
to address the issues to improve the lake's water quality and plan for the longevity of the lake as a
drinking water source for the City. The goals of the 2004 Plan included the following:

e Goal 1: Reduce levels of trihalomethanes (THM) and haloacetic acids (HAA), both of which are
disinfection byproducts (DBPs), in the City's finished water so that quarterly tests are always below
allowable levels

e Goal 2: Ensure there will be enough water to meet the City of Moberly's needs for population and
business growth for the next 200 years

Two primary objectives of each of the 2004 Plan’s goals were to reduce disinfection byproducts (DBPs)
and to seek out additional sources of water supply to supplement the lake’s supply, respectively. The goal
to reduce DBPs in the City's produced water has been largely met; however, the City has not yet obtained
an additional water supply source. Due to observed free ammonia spikes in the lake and the other
nutrient sample results, and the City’s concerns about long—term water supply, the City determined in
2017 that the Plan needed to be updated and expanded. The City applied for grant funding to complete
an update of the Plan through the Missouri Department of Natural Resources’ (MDNR) Public Drinking
Water Branch, Source Water Protection Grant, and was subsequently awarded a grant that would partially
fund this project. MDNR partnered in this Plan through the grant and by conducting an updated lake yield
study (Appendix A). The City's partnership with the U.S. Geological Survey (USGS) also contributed to the
lake yield study by providing funding and technical expertise in conducting a bathymetric survey of the
lake and providing a change analysis with this data.
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1.2 Purpose

The purpose of this updated and expanded Plan is to identify goals, objectives, and strategies for the lake
and provide a guidance to stakeholders for the long-term protection of the lake as a drinking water
source for the City. During the planning process, discussed in Section 2.0, stakeholders developed the
following purpose statement to guide this Plan’s development:

“To develop a voluntary program that results in best management practices (BMPs) for activities on Sugar
Creek Lake and its watershed.”

This Plan is also designed to achieve the following objectives:

e describe the planning process used develop the goals, objectives, and strategies for the lake
(Section 2.0)

e outline the specific goals, objectives, and strategies for this Plan and include existing and
proposed implementation timelines (Section 3.0)

e identify potential watershed-wide sources of pollution that may reasonably be expected to affect
the lake’'s water quality (Section 4.0)

e describe water quality data for the lake with respect to Missouri Water Quality Standards (Section
5.0)

e discuss historic water treatment challenges and long-term water supply (Section 6.0)

e propose steps toward future implementation of goals, objectives, and strategies identified in this
Plan (Section 7.0)
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2.0 Planning Process

This section presents the City’'s planning process for this Plan. The City believes that it was critical to
include stakeholder and public engagement in the planning process to maximize the benefits of the
process and achieve the goals of this Plan. The City developed a stakeholder engagement plan and
included broad outreach to the public with many opportunities to provide input regarding the content of
this Plan and the needs of the lake and the watershed. This approach included three tiers of planning
teams and meetings: the Planning Team, the Core Planning Committee, and the Citizen's Cabinet. These
groups included stakeholders that represent a wide variety of needs and perspectives in the watershed.
The approach and meeting content is described in Sections 2.1 and 2.2. Section 2.3 provides a summary
of key topics discussed at the meetings, as well as summarizing concerns and questions of the
stakeholders.

2.1 Approach

The planning process was conducted using a three-tier approach with three groups of stakeholders. The
stakeholders groups worked together to assemble information and input for the planning process. The
three tiers of the planning process included the following:

e Planning Team
e Core Planning Committee
e Citizen's Cabinet

The first tier of the planning process began with the Planning Team, which consisted of staff from the City
staff, MU Extension, Boone Consulting, and Barr Engineering Co. The following individuals were members
of this team:

e Mary West-Calcagno, Director of Public Utilities, City of Moberly
e Matt Everts, Chief Operator, City of Moberly
e Tony Boone, Boone Consulting

e Tish Johnson, University of Missouri, Extension

Andrea Collier, Barr Engineering Co.

The Planning Team met in person and via conference calls to develop an initial framework that resulted in
the next two tiers of public engagement. In addition, this team coordinated and facilitated for public
meetings, which included content development, data presentation, guest speaker coordination, meeting
summaries, and documentation of the public engagement process.
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The Planning Team identified that a second tier of planning was needed and would be called the Core
Planning Committee. The Core Planning Committee members consisted of all of the members of the
Planning Team, and the following stakeholders:

e Eric Breusch, Randolph County Health Department

e Dhruba Dhakal, University of Missouri, Extension

e Todd Walker, City of Moberly Parks & Recreation Department

e John Kirchhoff, Randolph County Soil and Water Conservation District
e Brian Todd, Missouri Department of Conservation (MDC)

e Bob Riley, community resident and volunteer

The Core Planning Committee was convened to determine how to design and facilitate the larger public
engagement process, or third tier of stakeholder meetings. This third tier of the planning process was
named the Citizen's Committee. Attendees of the Citizen's Committee meetings included all of the
Planning Team members and the Core Planning Committee members, the public, and stakeholders
representing the following sectors:

e Lake watershed residents and land owners
e Agricultural producers and land owners

e Business and industry

e Non-profit organizations

e Education

e Lake recreation

e Newspaper and radio media

e City government

e County government

e State government

e Federal government

2.2 Meetings

The Planning Team met in person or conducted conference calls to coordinate and plan meetings with
stakeholders and the public. The Planning Team developed content for the meetings and engaged as
participants. Provided below are the meeting dates for all of the meetings the City hosted with the Core
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Planning Committee and the Citizen's Cabinet. These in-person meetings provided key input to
developing Plan content and examining existing data and information for the lake and watershed. The
Core Planning Committee met in person on the following dates:

e June 12,2018
e June 28,2018
e July 20,2018

The goals and content of the Core Planning Committee meetings included determining all of the
categories of stakeholders that should be notified about the Citizen's Cabinet meetings, key topics to
discuss in the meetings, and important data and information to present in the meetings. The Core
Planning Committee assisted the Planning Team in making decisions about and prioritizing meeting
content for the Citizen’s Cabinet meetings. The Citizen’s Cabinet included a broad range of stakeholders
and was open to the public. These public meetings convened after the Core Planning Committee met
three times. The Citizen's Cabinet met in person on the following dates:

e August 23,2018 e December 11, 2018
e September 25, 2018 e January 10, 2019
e November 29, 2018 e January 29, 2019

The goals and content of these meetings included reviewing watershed characteristics, reviewing available
data and information regarding the lake and watershed, identifying goals for the lake and watershed,
identifying key concerns of stakeholders, and providing a forum for discussion and input to be provided
to the City. These meeting topics are summarized in Section 2.3.

2.3 Public Participation and Input

The input provided by stakeholders in the Core Committee and Citizen's Cabinet meetings was very broad
and many of the topics were discussed at several meetings; this input is summarized below. In addition,
multiple newspaper articles were written about the planning process by the Moberly Monitor-Index.

During the planning meetings, stakeholders developed the following statements to cast vision for the
planning process and this Plan:

Source Water Protection Plan Purpose Statement

Community Representation Statement]

“We endeavor to represent diverse community
interests, to educate and motivate citizens to
protect all water uses at Sugar Creek Lake for

present and future generations.”
|

"To develop a voluntary program that results in
best management practices (BMPs) for
activities on Sugar Creek Lake and its
watershed.”
|
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2.3.1 Meeting Topics and Key Issues

Topics that were discussed in the meetings included, but were not limited to the following:

Watershed characteristics

Defined the lake as City infrastructure that must be operated and maintained
Available quantity of the lake's raw water supply

Lake water sample data and pollutant loads in the lake

Lake bottom sediment and resuspension of nutrients

Operation of the Water Treatment Plant (WTP) and treatment challenges
Algae bloom control

Property ownership adjacent to the lake shoreline

Concerns and impacts regarding specific pollutants

Current lake water quality impairment and potential future impairment for nutrients
Potential sources of pollutants in the lake and watershed

Soil erosion and high velocity ravines

Concerns regarding flood and drought response

Stakeholder interest and concerns about use of the lake for recreation

Land cover data and estimated pollutant loads

City stormwater management plan and practices

BMPs that could be employed in the watershed

Public education and outreach opportunities

Stakeholder concerns and questions about Plan implementation

Sources of funding for Plan implementation

Key questions and concerns (paraphrased and summarized below) of stakeholders that were discussed in

the meetings and influenced Plan goals and content, included, but are not limited to the following:
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e Water quality:

0 Stakeholders asked if the City had examined the available water quality data for the lake
and determined the relative severity of the pollutant concentrations. Data was
summarized and presented in meetings to support this discussion. It was discussed that
the lake is currently on the 303(d) list of impaired water bodies for mercury in fish tissue,
and is not listed as impaired for nutrients, but may be trending toward nutrient
impairment.

o Stakeholders asked if the City could identify sources of pollutants in order that these
pollutant sources could be mitigated. It was discussed that additional data may need to
be collected and analyses conducted to identify pollutant sources and relative impacts of
those sources.

e Water quantity:

0 Stakeholders asked if the City had determined whether the lake is a sustainable long-term
source of water supply. In order to begin to address this question, MDNR and USGS
partnered with this City to update the Lake Yield Study (Appendix A).

0 Stakeholders expressed concerns that the lake is the City's sole source of water supply
and that City does not have a backup source of drinking water.

e Outreach and public engagement:

o Stakeholders indicated that an increase of public awareness is needed regarding the use
of the lake as the City's drinking water source, and the water quality concerns in the lake.

0 Stakeholders asked about how to most effectively engage with the public, and how to
sustain this engagement. The City expressed intentions to seek out ongoing stakeholder
and public input through established groups and in-person meetings. Members of the
local media outlets were present at meetings and provided information via articles and
radio broadcasts. Social media use was included and was encouraged to be used an
ongoing means of outreach. Outreach through schools (primary, secondary, and higher
education) was determined to be another important component of the City's future plans
for outreach.

0 Stakeholders indicated that public meetings are welcome and should continue in an
ongoing manner after the 2019 Plan is finalized. The City stated its intent to continue in-
person meetings with stakeholders.

¢ Funding and partnerships: Stakeholders asked if sources of funding exist that could be used to
address needs at the lake and in the watershed. Sources of funding were discussed, including the
State Revolving Fund, MDNR’s Multipurpose Water Resources Program Fund, and Soil and Water
Conservation Program and U.S. Department of Agriculture (USDA) - Natural Resources
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Conservation Service (NRCS) cost share programs. Discussions about partnerships with agencies,
local governments, and managers of funding sources was central to this topic.

e Agricultural landowner concerns: Agricultural producers and land owners expressed both
interest and concerns about the City’s expectations for use of BMPs on their property, and
perceived impacts of agriculture on the lake water quality. This was a key topic in each meeting,
and the City engaged to address agricultural land owners’ concerns. In summary, the City stated
that agriculture is not the only contributor to pollutants in the lake; however, the City also
expressed that it is important to understand that any BMPs that are implemented in the
watershed would help reduce nutrient and sediment loads. MDNR Soil and Water Conservation
Program and District staff provided several presentations on funding and cost-share
opportunities for agricultural land owners.

2.3.2 Stakeholder Survey Results

The University of Missouri Extension conducted an online survey of stakeholders in March 2019. Potential
survey respondents were notified of the survey opportunity at public meetings and by email. A total of 54
people submitted responses to the five questions in the survey. Survey results are provided in Appendix B.
The survey results were used to inform the content of public meetings, particularly the Citizen's Cabinet,
and the content of this Plan. In summary, respondents to the survey provided the following information
and input:

e 50 of the 54 respondents were aware of the lake is a drinking water source (survey question 1).
Two of the other respondents were unsure if the lake is a drinking water source. The other two
respondents responded that they did not think the lake is a source of drinking water.

e 52 of the 54 respondents expressed a connection to either living, working, recreating, or drinking
water from the watershed (survey question 2).

e When asked if the respondents had enough information to know about watershed concerns, half
the respondents (27) answered “No, but | would like to learn more” (survey question 3). 18 of the
respondents answered "Yes”, 8 answered “Unsure”, and one answered "No, I'm not interested”.

e Respondents’ three greatest concerns for the lake (survey question 4) included illegal dumping,
septic systems, groundwater contamination, and public education about issues impacting the
watershed. Respondents’ four least concerns for the lake included public use, wildlife, boating and
local residents (wildlife, boating, and local residents tied for the second least concern after public
use).

e A majority of respondents answered that they were willing to take action at some level to improve
water quality in the lake (survey question 5).
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3.0 Goals, Objectives, and Strategies

This section describes the goals, objectives, and strategies developed to guide this Plan’s use for the

protection of the lake and its watershed. The City used stakeholder input, lake and watershed data, and

additional resources to develop the goals, objectives, and strategies throughout the planning process
(Section 2.0). The goals of this Plan include:

e Goal 1: Maintain and improve water quality for drinking water and aquatic life uses in Sugar Creek

Lake

e Goal 2: Maintain a sustainable quantity of water supply for the City of Moberly and its water

customers

e Goal 3: Provide ongoing opportunities for public and stakeholder engagement regarding water

quality and quantity at Sugar Creek lake and for the City of Moberly

To achieve each goal, the City developed broad objectives with specific implementation strategies. Table 1
through Table 3 summarize the objectives and strategies of Goals 1 through 3, respectively. Each table

includes an implementation schedule for each strategy. Some strategies are listed as having an “ongoing”

implementation schedule, which means that efforts are either indefinitely ongoing or have been initiated.

Table 1 Objectives, Strategies, and Implementation Schedule for Goal 1

Goal 1: Maintain and improve water quality for drinking water and aquatic life uses in Sugar Creek Lake

Objective

1. Collect
additional data to
improve
understanding of
pollutants in the
lake.

Implementation

Strategy Schedule

1. Develop a Quality Assurance Project Plan (QAPP) for sampling that will
support the City's need to better understand pollutant loads and sources.
Submit the QAPP for Missouri Department of Natural Resources (MDNR)
review and approval.

2. Measure soluble phosphorus concentration in the lake and septic tank
effluent in the watershed near the lake.

3. Measure concentrations of total nitrogen and plant-available forms of
nitrogen in the lake.

4. Coordinate and schedule volunteer Stream Team training to be held in or
near the watershed.

5. Conduct total suspended solids (TSS) and turbidity sampling in concert
with other parameters to track sediment runoff and determine whether there
is a correlation to nutrient loading from stormwater runoff. Use this data to
identify possible sources of nutrient and sediment loads.

6. Install and operate a continuous lake level and rainfall gauge to track
rainfall and lake level, for use in concert with lake sampling data and
analyses.
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Goal 1: Maintain and improve water quality for drinking water and aquatic life uses in Sugar Creek Lake

Objective

Strategy

Implementation
Schedule

2. Gather more
information about
water quality in

1. Develop a QAPP for sampling that will support the City's need to better
understand pollutant loads and sources. Submit the QAPP for MDNR review
and approval.

2. Continue to obtain information about land-use in the watershed, such as

the lake and review and mapping of the data from the National Land Cover Dataset
sources of (NLCD) and Soil and Water Conservation District (SWCD) information.
pollutants in the
watershed. 3. Conduct water quality modeling and conduct monitoring of specific
known pollutant sources (e.g., old mines, old rail lines, high velocity ravines,
etc.), to gain understanding about sources impacting lake water quality.
1. Conduct an inventory of small, onsite wastewater treatment systems,
including septic tanks, septic treatment systems, and lagoons.
2. Develop and update small onsite treatment system standards for new
users, in coordination with Randolph County Health Department.
3. Improve City compliance assistance tools by identifying and addressing
3. Address

challenges with
septic tanks and
lagoons.

gaps in ordinances within the city and county.

4. Develop a program to assist in cost-sharing of individuals with septic
system pumping.

5. Consider investing City funds into acquisition of inactive or unused
properties in watershed that are identified as a source of pollutants to the
lake.

6. Provide Educational opportunities and encourage public involvement to

engage property owners, tenants, realtors, bankers, and septic tank pumpers.

4. Address non-
point sources of
pollutants.

1. Establish partnerships with the local SWCD, Missouri Department of
Conservation (MDC), MDNR, and US Department of Agriculture — Natural

Resources Conservation Service (NRCS). Seek out financial assistance Ongoing
opportunities through these partnerships.
2. Establish a partnership with the Randolph County Health Department and Ongoing

the County Commission.

3. Encourage the use of design standards for projects exposed to
stormwater, with a goal of no more than 3 ton/acre/year soil loss.

4. Inspect high-risk ravines that drain to the lake that are likely to be
transporting the highest quantities of sediment to the lake. Consider BMPs
that would address erosion and subsequent sediment transport to the lake.

5. Determine feasibility of the use of up-watershed reservoirs or forebays as
BMPs.

6. Determine locations along the lake shore that would most benefit from
erosion protection, and if feasible, implement BMPs.
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Table 2 Objectives, Strategies, and Implementation Schedule for Goal 2

Goal 2: Maintain a sustainable quantity of water supply for the City of Moberly and its water customers

Implementation
Schedule

Objective Strategy

1. Include the MDNR Firm Yield Study results in the Source

Water Protection Plan. June 2019

1. Understand current
source capacity. 2. Review the results of MDNR's 2019 Firm Yield Assessment and

USGS's 2019 Bathymetric Survey report with MDNR, and discuss | Ongoing
need and strategies to supplement source capacity.

1. Gather information and data regarding future water demands
that considers population growth and economic growth of the Ongoing
City.

2. Understand current 2. Develop an economic development-oriented water supply

and future water plan that uses desired and predicted growth to quantify future Ongoing
demands that account | water needs.

for economic
development. 3. Identify funding options to conduct more detailed water

supply planning.

Ongoing

4. Identify funding sources to purchase and/or construct

additional source(s) of water supply. Ongoing

1. Identify all potential nearby sources of water supply, and
conduct planning at the feasibility level regarding availability and
cost, and utilizing data from previous studies as well as
additional data and/or studies.

Ongoing

2. Continue communication with The U.S. Army Corps of
3. Gather more Engineers regarding obtaining additional water supply storage at | Ongoing
information about Long Branch Lake.
water quality in the
lake and sources of
pollutants in the
watershed.

3. Determine the feasibility of purchasing water storage at Long
Branch Lake, and distribution of the water to the City's Ongoing
customers.

4. Consider the feasibility of the City expanding water service to
a regional system of customers (i.e., other cities, county, and
rural water districts).

5. Identify funding sources to purchase and/or construct
additional source(s) of water supply and distribution.

46




WS #6.

Goal 2: Maintain a sustainable quantity of water supply for the City of Moberly and its water customers

Objective

Strategy

Implementation
Schedule

4. Develop and
preserve water supply
storage volume at
Sugar Creek Lake.

1. Reduce sediment loads entering the lake by implementing
strategies under Goal 1.

2. Consider the feasibility of the construction of up-watershed
reservoirs to increase water supply storage.

3. Consider the feasibility and potential costs/benefits of raising
the dam at Sugar Creek Lake to increase water storage volume.

4. Consider the feasibility and cost of dredging at Sugar Creek
Lake to increase water storage volume.

5. Complete a project to reduce seepage through the abutments
of the dam, which would increase the available water supply
yield from the lake.

Ongoing

6. Consider the feasibility of indirect water reuse to increase
water availability.

7. Conduct a hydraulic and hydrologic analysis in the watershed
to gain knowledge of water transport and availability under
various climate conditions.

8. Identify funding options for implementation of strategies that
are considered to be feasible.

5. Encourage water
users and customers to
use water conservation
practices.

1. Quantify all non-revenue use of water from the City’s system.

2. Determine if reductions can be made to non-revenue uses of
water, including distribution system water loss.

3. Provide educational information to the public about ways to
conserve water.

4. Consider methods to incentivize water conservation practices,
especially among the highest water users.

47




WS #6.

Table 3 Objectives, Strategies, and Implementation Schedule for Goal 3

Goal 3: Provide ongoing opportunities for public and stakeholder engagement regarding water quality and

Objective

1. Target each group of
stakeholders with
different types of
engagement.

quantity at Sugar Creek Lake and for the City of Moberly

Strategy

1. Define the various types of stakeholders and groups that the

Implementation
Schedule

City should engage. Ongoing
2. Build a contact list for stakeholders and groups that the City is .

i i Ongoing
actively engaging.
3. Establish at least two stakeholder groups that meet regularly One group

in-person; one with a focus on water quality at the lake, and
another with a focus on water supply.

established in 2018

4. Include educational information in water bills.

5. Establish a quarterly water newsletter to be distributed to City
customers and stakeholders who work, live or recreate in the
watershed.

6. Continue to engage with stakeholders with interest in
recreation at the lake in all available forums or media.

2. Engage the public to
establish support for
the Source Water
Protection Plan.

1. Develop a water-themed mascot and related messaging to
engage with and provide messaging to the public.

2. Use storytelling techniques in messaging and media to
engage and inform the public.

3. Consider other creative ways to engage the public through in-
person engagements and media.

4. Utilize partnerships to engage a broader base (SWCD,
Randolph County Health Department, Randolph County
Commission, Moberly Area Economic Develop Corporation, etc.).

3. Continue to take
steps to be an example
to the public by
implementing best
practices first.

1. Continue to implement the measurable goals of the City's

Ongoin
Stormwater Management Plan. going
2. Continue to implement consistent policies and improvements
to permitting, management, and follow up on new development | Ongoing

sites.

3. Implement and update City housekeeping procedures and
staff training to protect the City's stormwater infrastructure, and
prevent runoff of pollutants.
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4.0 Watershed Characteristics

The watershed, approximately 7,000 acres (11 square miles) in size, is located in north central Missouri in
Randolph County (Large Figure 1). The watershed stretches approximately 6 miles from its northern
boundary, located south of the City of Cairo, Missouri, to its southern boundary, located in the
northwestern portion of the City of Moberly. The following subsections describe characteristics of the
watershed, including surface waters (Section 4.1), physiographic setting and climate (Section 4.2), surface
waters (Section 4.1), soils and geology (Section 4.3), and land use and land cover (Section 4.4).

4.1 Surface Waters

Surface waters within the watershed, including waterbodies and wetlands, are included on Large Figure 1.
As shown in Large Figure 1, multiple first and second order unnamed streams serve as tributaries to the
lake. The outlet of the lake is Sugar Creek, which flows 4.6 miles until its confluence with the East Fork of
the Little Chariton River.

4.2 Physiographic Setting and Climate

The watershed, approximately 7,000 acres in size, is a subwatershed of Missouri’s Little Chariton River
Watershed (Hydrologic Unit Code 10280203) located in the Missouri River Basin. The watershed lies within
an ecological region known as the Central Dissected Till Plains, which is located north of the Missouri
River and formed through soil deposition from glaciation (reference (1)). The Dissected Till Plains extend
into lowa, lllinois, Kansas and Nebraska and are relatively flat, other than river valleys and hills formed
through erosion, much of which resulted from glacial runoff (reference (1)). Elevation in the watershed
ranges from approximately 870 feet at the top of the eroded Sugar Creek River Valley to 746.8 feet at the
dam spillway (Large Figure 4 and Appendix C).

North central Missouri has a humid continental climate characterized by long, hot summers and cool
winters (reference (2)). The region (Moberly, MO climate station) receives an average annual precipitation
of 43.22 inches (1981-2010, reference (3)). May is typically the wettest month, receiving an average
precipitation of 5.16 inches (reference (4)). The historical high and low annual precipitations at the
Moberly Climate Station between 1936 and 2018 were 65 inches in 2008 and 22 inches in 1988
(reference (5)). The average annual temperature for the area is 53.8 degrees Fahrenheit. January, the
coldest month of the year, averages high and low temperatures of 37 and 19 degrees Fahrenheit,
respectively, while July, the hottest month of the year, averages high and low temperatures of 87 and 67
degrees Fahrenheit (reference (4)).

4.3 Soils and Geology

The following sub-sections include soil and geology information for the watershed. Section 4.3.1 includes
the predominant soil types found within the watershed, Section 4.3.2 includes an analysis of soil erosivity
and stream power within the watershed to identify erosion prone areas, and Section 4.3.3 provides
information on the uppermost geologic units in the watershed.

49




WS #6.

4.3.1 Soil Types

Based on the USDA NRCS Soil Survey, the predominant soil types within the watershed are depicted on
Large Figure 5 and summarized in Large Table 1. Soil types within the watershed consist of silty loams that
range from nearly level to gently sloping soils in the upper areas of the watershed (Mexico-Leonard-
Putnam association) to moderate to steep slopes near the lakeshore (Gosport-Gorin association). In
general, soil types on steeper slopes tend to have greater drainage than those on level to moderately
sloped areas. Permeability of the soil, which is the ability of the soil to infiltrate water, is very low for the
silt loams within the watershed, which increases their potential erosion and seasonal wetness.

4.3.2 Soil Erosivity and Stream Power

Erosion prone areas within the watershed were identified using the Universal Soil Loss Equation (USLE)
and stream power indices. The USLE (Appendix D, Equation 1) predicts annual average soil loss or erosivity
due to rainfall. The Stream Power Index (SPI) equation measures the erosive power of flowing water
(Appendix D, Equation 2) and identifies areas within the watershed that are prone to channel formation.
Barr identified areas of the watershed most prone to erosion by combining USLE and SPI results

(Large Figure 6); areas with high soil loss and a high SPI are considered to have greatest risk of erosion
and occur within ravines close to the shore of the lake (Large Figure 7). Barr recommends that the City
inspect these ravines periodically for erosion issues.

4.3.3 Geology

According to the Missouri Geological Survey Geosciences Technical Resources Assessment Tool
(GeoSTRAT), the geology underling the watershed area is comprised of Mississippian and Pennsylvania
aged bedrock units overlain by approximately 50 to 65 feet of unconsolidated residuum. The
Pennsylvanian bedrock units found near the surface around the watershed consist of the Marmaton
Group and the Cabaniss Subgroup of the Cherokee Group. In a typical geologic sequence the Marmaton
Group conformably overlies the Cabaniss Subgroup.

According to GeoSTRAT, the Cabaniss Subgroup is the shallowest bedrock on the western edge of and
underlying the lake, while the Marmaton Group is the shallowest bedrock along the eastern edge of the
lake. The Cabaniss Subgroup in Missouri is comprised of sandstone, siltstone, shale, limestone and coal
beds and consists of 11 successions or cyclic units with coal beds near the top with some minor
exceptions. The Marmaton Group is comprised of a succession of shake, limestone, clay, and coal beds. In
comparison with the Cabaniss Subgroup, the Marmaton Group contains thicker and consistent limestone
units.

In contrast to the geologic information provided by GeoSTRAT, the well log for a nearby water supply well
No. 006285 (Large Figure 1), located approximately 0.8 miles southwest of the lake's spillway, indicates
that the Mississippian Warsaw Formation is the shallowest bedrock unit. The Warsaw formation is
comprised of a coarsely crystalline, fossiliferous limestone intermittent with finely crystalline dolomitic
limestone (reference (6)).
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4.4 Land Use and Land Cover

The watershed has a variety of land uses due to the combination of rural, urban, and recreational areas.
The lake is a popular recreation destination for activities such as fishing and boating. Land adjacent to the
lake primarily consists of forest, agriculture (pasture and hay), and private residences. As of the 2016
National Land Cover Database (NLCD) dataset, approximately half of the land use in the watershed is used
for agricultural production (Large Figure 8).

4.4.1 Land Cover Change and Pollutant Loads

Large Figure 9 and Large Figure 8 display 2001 and 2016 land use in the watershed from NLCD,
respectively. Based on the NLCD's 2016 dataset, pasture and hay land comprise the land use type with the
greatest area in the watershed, followed by cultivated crops, forest, other land (developed areas and
barren lands), open water, other vegetated areas, and wetlands. Table 4 and Figure 1 display land use
changes between the 2001 and 2016 land cover datasets. As seen in Table 4 and Figure 1, forested areas
experienced the greatest increase between the 2001 and 2016 data sets (16.1 percent increase), while
other vegetated areas, which include grassland/herbaceous and shrub/scrub land uses, experienced the
greatest decrease between the 2001 and 2016 data sets (80.7 percent decrease).
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Table 4

Land Use Category

2001 Category Percent
of Total Land Use

2001 and 2016 Sugar Creek Lake Watershed Land Use Data by Category

2016 Category Percent
of Total Land Use

Category
Percent
Change from
2001 to 2016

Pasture/Hay Total: 30.63% Total: 30.15% -1.6%
Cultivated Crops Total: 23.96% Total: 23.47% -2.0%
Subcategories: Subcategories:
o Deciduous: 23.53% o Deciduous: 26.04%
e Evergreen: 0.02% e Evergreen: 0.02%
Forest . \ +16.1%
* Mixed: 0.02% » Mixed: 1.29%
Total: 23.57% Total: 27.36%
Subcategories: Sub;ateglorle(sj:H. - S
» Developed High Intensity: 0.17% * Developed Mlgd' nteln5|ty. o °
o Developed Medium Intensity: 1.45% * zg\ée;/ope edium Intensity:
. (o]
° e o)
Other geve:opej éow In;censﬂy.és?;;?;f/b o Developed Low Intensity: 3.94% +9.6%
* Beve Ofe & ge(:)r;typace. e o Developed Open Space: 5.74%
* barren tand: B.8/7% e Barren Land: 0.10%
3 L)
Total: 11.53% Total: 12.63%
Open Water Total: 5.92% Total: 5.50% -7.1%
Subcategories: Subcategories:
Sl g o Grassland/herbaceous: 3.91% o Grassland/herbaceous: 0.71%
ther Vegetate « Shrub/scrub: 0.05% « Shrub/scrub: 0.05% -80.7%
Areas
Total: 3.96% Total: 0.76%
Subcategories: Subcategories:
o Emergent herbaceous wetlands: o Emergent herbaceous wetlands:
Wetland 0.16% 0.05% 1 6%
etlands o Woody wetlands: 0.26% o Woody wetlands: 0.07% R
Total: 0.42% Total: 0.12%
TOTAL 100% 100% --
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Figure 1 Land Use Change in the Sugar Creek Lake Watershed between 2001 and 2016 by
Land Use Category

Land use may be used to estimate some pollutant loads in the watershed that may run off to the lake,
such as nutrients and sediment. Three common pollutants of interest for the watershed from land use
sources include total phosphorus, total nitrogen, and suspended solids. A review of land use loading
factors in the watershed determined that natural landscapes, such as forests, grasslands, and barren land
contribute the lowest pollutant loads of various land use types within the watershed, while cultivated
crops and urban development contribute the highest pollutant loads of the watershed's land use types.
Table 5 presents the loading factors for each pollutant by land use type.

An analysis of land use and loading factors in the watershed indicate that from 2001 to 2016, overall
watershed loading from total phosphorus and total suspended solids have decreased by 0.029
Ibs/acre/year and 363 Ibs/acre/year, respectively, while loading from total nitrogen has increased by 0.93
Ibs/acre/year. Large Figure 10 through Large Figure 15 display loading and the loading change from 2001
to 2016 by subwatershed.
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Table 5 Land Use Loading Factors

Loading Factor (Ibs/acre/year)

Land Use Type - s'||'::1t:|rus(1) Total Nitrogen® Totalszi;zzglded
Barren Land 0.10 3.34 2
Cultivated Crop 0.89 5.68 2626
Deciduous Forest 0.09 2.19 5
Developed, High Intensity 0.30 10.28 350
Developed, Low Intensity 0.30 9.70 150
Developed, Medium Intensity 0.30 5.16 250
Developed, Open Space 0.31 3.56 64.5
Emergent Herbaceous Wetlands 0.22 2.07 43
Evergreen Forest 0.09 2.19 5
Grassland/Herbaceous 0.09 0.96 5
Mixed Forest 0.09 2.19 5
Open Water 0.00 0.00 0.00
Pasture/Hay 0.54 4.45 50
Shrub/Scrub 0.13 1.10 27
Woody Wetlands 0.22 2.07 43

(1) Sources reference (7), reference (8), Appendix A to reference (9), and reference (10)
(2)  Sources reference (7), reference (11), and Appendix A to reference (9)
(3) Sources (reference (7) and reference (12)

45 Other Features of Interest

Other watershed features of interest relevant to this Plan include Cooksies Quarry and private septic
systems. The influence of Cooksies Quarry and private septic systems on the lake’s water quality was
frequently mentioned as pollutant sources in stakeholder meetings during the planning process of this
Plan (Section 2.0). Cooksies Quarry is an inactive stone quarry located on City property east of lake's
eastern arm (Large Figure 1). The City currently owns and has complete control over the quarry property
(Large Figure 3). Due to a lack of data, the Quarry's influence on lake sedimentation has not been
quantified. Private septic systems may contribute nutrients and pathogens to surface waters, particularly
in areas where groundwater and soil conditions are unsuitable or the density of septic systems is high
(reference (13)). The influence of private septic systems on the lake’s water quality is undetermined;
however, Strategy 1, Objective 2 of Goal 1 of this Plan is to quantify and address the contributions from
these pollutant sources to prioritize actions to reduce pollutant loads to the lake (Table 1).
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5.0 Sugar Creek Lake Characteristics

The following sub-sections describe the lake’s impairment status, water quality, sediment quality.
Section 5.1 describes the lake's water quality and MDNR impairment status. Section 5.2 discusses the
influence of sedimentation on the lake's sediment quality and water quality.

5.1 Water Quality

Maintaining and improving water quality in the lake, particularly with respect to drinking water supply and
recreation, is a high priority for stakeholders. Primary stressors for the lake include sediment, organic
material, and nutrients. Nutrients encompass all forms of phosphorus and nitrogen, including free
ammonia. The sources of the lake's stressors may include land use (Section 4.4) and soil erosivity

(Section 4.3.2). Although the lake's only impairment as of the writing of this Plan is for mercury in fish
tissue (refer to Section 5.1.1), the City does not consider mercury to be a primary stressor in the lake with
respect to the lake's use as a drinking water source. The impairment for mercury in fish tissue is by air
deposition, and as such, is not specifically addressed in this Plan.

5.1.1 Impairment Criteria

The lake is classified by the State of Missouri as an “L1" lake, which are lakes or reservoirs used primarily
for public drinking water supply. State designated uses for the lake, which dictate water quality standards,
include livestock and wildlife protection, protection of warm water habitat, human health protection,
whole body contact recreation, secondary contact recreation, and drinking water supply.

The lake's only water quality impairment is for mercury in fish tissue, as listed on the state’'s Clean Water
Commission Approved 2018 Section 303(d) listed waters (reference (14)). MDNR added the lake to the
303(d) list for the mercury in fish tissue impairment in 2014. Each state is required to submit their 303(d)
list, or list of impaired and threatened waters, for EPA approval. At the time this Plan was written, MDNR
was in the process of developing their Draft 2020 303(d) List.

MDNR revised the state’s water quality standards on March 31, 2018 (10 CSR 20-7.031). A significant
change to the new standards included numeric nutrient criteria for lakes. The purpose of the nutrient
criteria standards is to address adverse impacts to a lake's beneficial uses from eutrophication, or the
“process by which a body of water becomes enriched in nutrients, such as nitrogen and phosphorus,
which stimulate the excessive growth of algae and other plants” and ultimately deplete dissolved oxygen
(DO), resulting in a decreased quality of aquatic life (reference (15)).

MDNR published the Nutrient Criteria Implementation Plan (reference (15)) on July 26, 2018 to describe
the implementation strategy for the newly established nutrient criteria, which are dependent upon a lake's
ecoregion. The lake is located in the Plains ecoregion for the Nutrient Criteria Implementation Plan
(Appendix E). Table 6 presents the nutrient criteria for the Plains ecoregion.

MDNR based the decision framework for the nutrient criteria on the EPA’s bioconfirmation guiding
principles (reference (15)). As described in the Nutrient Criteria Implementation Plan and illustrated in
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Figure 2, a lake in Missouri is considered to be impaired for nutrient criteria if it meets the following
criteria:

e The geometric mean of Chl-a samples taken between May and September in a calendar year
exceeds the respective ecoregion Chla-response impairment threshold value more than once in
the most recent three years of data; or

e The geometric mean of either total nitrogen, total phosphorus, or Chl-a samples taken between
May and September in a calendar year exceed the respective ecoregion Chl-a response
impairment threshold value in the most recent three years of data and one of the five response
assessment endpoints are also identified in the same calendar year. The response endpoints
include:

0 Occurrence of eutrophication-related mortality or morbidity events for fish and other
aquatic organism (Response Endpoint 1)

o Epilimnetic excursions from DO or pH criteria (Response Endpoint 2)
0 Cyanobacteria counts in excess or 100,000 cells/mL (Response Endpoint 3)
0 Observed shifts in aquatic diversity attributed to eutrophication (Response Endpoint 4)

0 Excessive levels of mineral turbidity that consistently limit algal productivity during the
period of May 1 — September 30 (Response Endpoint 5)

Table 6 Numeric Criteria Threshold Values for the Plains Ecoregion

Chl-a Response Nutrient Screening Thresholds

Impairment Threshold (ng/L)
(ng/L) TP TN Chl-a

30 49 843 18

MDNR'’s Nutrient Criteria Implementation Plan (Appendix E) requires the following data requirements to
assess a lake against the numeric criteria in 10 CSR 20-7.031(5)(N):

1. "At least four samples collected between May 1 and September 30 under representative
conditions;

2. Each sample must have been analyzed for at least Chl-a, TN, TP, and Secchi depth;

3. At least three years of samples (years do not have to be consecutive). Data older than seven years
will not be considered, consistent with the Department’s Listing Methodogy.

4. Data collected under a Quality Assurance Project Plan (QAPP).”

21

56




WS #6.

TN — Total Nitrogen

TP - Total Phosphorus
DO - Dissolved Oxygen

Figure 2 Missouri Ecoregional Numeric Nutrient Criteria Decision Framework based on the

Bioconfirmation Approach

5.1.2 Water Quality Data

Water quality data in the lake has been collected over the past two decades by the City and Lakes of
Missouri Volunteer Program (LMVP). Table 7 presents a summary of water quality data collected by the

City and LMVP.
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Table 7 Summary of Sugar Creek Lake Water Quality Data Collection

Lakes of Missouri Volunteer
Program

City of Moberly

¢ 5-Day Biochemical Oxygen Demand (BODs)
o Alkalinity

o Ammonia (NHs)

¢ Ammonia, Free

o Chemical Oxygen Demand (COD)

o Coliforms

o Conductivity

o Copper

o Dissolved Oxygen (DO)

e e. Coli

o Algal data

e Inorganic Suspended
Solids (ISS)

e Hardness

¢ Secchi Depth
sample e Manganese P

Parameters ) e Temperature
* N!trate (NO3? o Total Nitrogen
. N!trf':\te, as Nitrogen (NOs - N) « Total Phosphorus
+ Nitrite (NO2) « Total Chlorophyll-a
¢ Organics
e pH
e Phosphate (PO.)
o Temperature
« Total Dissolved Solids (TDS)
 Total Suspended Solids (TSS)
o Turbidity
o UV 254
fg:::il(t:ns Sites 1 through 8 Sites 1 and 2
Sample Years 2010 through present 2000 through present
QAPP Available
for Data No Yes

Collection?

5.1.2.1 City Water Quality Data

The City collects water quality data seasonally (spring through summer) from eight locations on the lake
(Large Figure 16). As of 2019, a QAPP has not been developed for the City's water quality data collection
program. Large Table 2 summarizes the water quality data from the eight sample locations. Because a
QAPP or another sampling plan was not developed prior to collecting this data, the monitoring parameter
data were not collected in a consistent manner and the data does not have clear goals assigned for its use
or a formal QA/QC process, implemented through a QAPP or sampling and analysis plan, to protect data
quality. Because of this, the data has been and can continue to be somewhat limited in its usefulness for
long-term decision-making. However, the data can be used as an indicator of certain issues and has been
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used by the City and stakeholders to identify pollutant and water treatment concerns. It is recommended
that the City develop a QAPP and conduct further analysis to allow the data collected under a QAPP to
inform and support City actions and decisions. Developing a QAPP would support consistency in data
collection, clarify the goals around data collection, and help to position the City to apply for funding to
implement water quality improvement projects, such as through Clean Water Act Section 319(h) Nonpoint
Source Management Program grant funding.

5.1.2.2 LVMP Water Quality Data

The LMVP has collected water quality data in accordance with a MDNR-approved QAPP at two locations
on the lake since 2000 (Large Figure 16). LMVP monitoring data is summarized in the following sub-
sections and Large Table 3 and Large Table 4. LVMP’s water quality data may be used by MDNR to
evaluate whether the lake is impaired for nutrient criteria according to 10 CSR 20-7.031(5)(N). Available
lake data indicate the lake is not impaired for nutrient criteria; however, data indicate the lake may be
trending toward impairment and could become listed as impaired if measures are not implemented to
reduce nutrient loading. The following sub-sections describe lake water quality data with respect to
MDNR's nutrient criteria.

Chl-a Response Impairment Threshold

As seen in Figure 3 and Large Table 3, the lake is not considered impaired due to the Chl-a response
impairment threshold. Summer geometric means at LVMP Sites 1 and 2 do not exceed the impairment
threshold more than once in the most recent three years of data collection.
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Figure 3 Chlorophyll-a Seasonal Geometric Mean at LVMP Sites 1 and 2

Nutrient Screening Thresholds

Exceedances of chlorophyll-a, total nitrogen, and total phosphorus nutrient thresholds at LMVP sites 1
and 2 during the most recent three years of data collection include:

e Chlorophyll-a: LVMP Site 1 and Site 2 annual geometric means exceed the nutrient screening
threshold from 2016 through 2018 (Figure 3 and Large Table 3).

e Total nitrogen: LVMP Site 1 annual geometric means exceed the impairment threshold in 2017
and 2018. LVMP Site 2 annual geometric means exceed the nutrient screening threshold in 2017
(Figure 4 and Large Table 3).

e Total phosphorus: LVMP Site 1 and Site 2 annual geometric means do not exceed the
impairment threshold during the most recent three years of data collection (Figure 5 and
Large Table 3).

According to MDNR's Nutrient Criteria Implementation Plan (Section 5.1.1), the lake would be considered
impaired for nutrient criteria if one of the five response assessment endpoints are identified in the same
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calendar year that a nutrient screening threshold is exceeded. As discussed in the following sections,
available data for Response Endpoints 1-5 do not indicate impairment.
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Figure 4 Total Nitrogen Seasonal Geometric Mean at LVMP Sites 1 and 2
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Response Endpoints

Available lake data from MDNR and the LVMP do not indicate that exceedances of nutrient criteria
response endpoints have been identified in the previous three years of water quality data collection. A
summary of the MDNR's Listing Methodology is provided in the Nutrient Criteria Implementation Plan
(Appendix E), available data for each response endpoint (Section 5.1.1, also provided in Large Table 3),
includes the following:

e Response Endpoint 1: This endpoint criteria is exceeded if two or more fish kills have occurred
within the last three years of available data or there is one large (>100 fish and covering more
than ten percent of the lake area) fish kill documented to be caused by DO excursions, pH, algal
blooms, or the toxins associated with algal blooms (10 CSR 20-7.031(5)(N)6.A). Available fish
mortality reports from the MDC indicate no fish kills have occurred in the lake since the MDC
began fish mortality data collection (references (16), (17), (18), (19), (20), (21), (22), (23), (23), (24),
(25))

e Response Endpoint 2: This endpoint criteria will be evaluated further if the following occur: if
more than 10% of the epilimnetic DO measurements during the May and September are below
5.0 mg/L minimum to protect aquatic life or more than 10% of the pH measurements are outside
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DO Response pH Response

10% of samples | 10% of samples
< 5.0 mg/L <6.50r >9.0

the 6.5 to 9.0 range to protect aquatic life, the binomial probabilities will be used to determine if
the criterion have been exceeded [10 CSR 20-7.031(5)(N)6.B]. Data collected by the City, which has
not been collected under a QAPP, indicate DO and pH data do not exceed Response Endpoint 2
(Table 8 and Large Table 2). Because this data was not collected under a QAPP, this data is only
useful as an indicator and would not be used for endpoint assessment by MDNR.

Response Endpoint 3: This endpoint criteria is exceeded if the following algal toxin value
thresholds are exceeded: microcystin - 4.0 ug/L, cylindospermopsin - 8.0 ug/L, anaytoxin-a - 8.0
ug/L, and saxitoxin - 4.0 ug/L. These toxin levels are associated with a total toxigenic algal species
cell count greater than or equal to 100,000 cell/mL [10 CSR 20-7.031(5)(N)6.C]. Data collected by
the LMVP, summarized in Table 9, indicate algal toxin thresholds are not exceeded. Additional
algal data, collected by the City is summarized in Large Table 5.

Response Endpoint 4: This endpoint criteria is exceeded if MDNR finds evidence in biological
shifts in fish or invertebrate communities related to eutrophication [10 CSR 20-7.031(5)(N)6.D].
MDNR will request aquatic community data from multiple sources to perform an evaluation of
this endpoint. MDC provided the City with fish sampling population statistics from 2001, 2005,
2009, 2014 (reference (26)); the information provided in these statistics does not indicate this
endpoint criteria is exceeded.

Response Endpoint 5: This endpoint criteria is exceeded if the yearly average Secchi depth is
below the applicable ecoregional value (0.6 meters for the Plains ecoregion). Additional analysis
of average Chl-a/TP ratios will also be conducted before determining impairment status. Unless
attributed to other physical factors, Chl-a/TP ratios at or below 0.15 and an ISS value greater than
or equal to 10 mg/L as determined by yearly means will serve as an indicator of excessive mineral
turbidity and constitute evidence of impairment [10 CSR 20-7.031(5)(N)6.E]. As seen in

Large Table 4, available LVMP data does not indicate this endpoint criteria is exceeded.

City DO and pH Data Summary for Sugar Creek Lake

Percent of Samples in Exceedance of
Response Endpoint

DO, in situ pH

Endpoint Endpoint

1.3% 0%
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Table 9 Lakes of Missouri Volunteer Program 2018 Algal Data

Microcystin Threshold Cylindrospermopsin Threshold

(4.0 pg/l) (8.0 pg/L)
LMVP Site  pate > Endpoint > Endpoint
Number Sample napoin Sample Result nepo
Result (pg/L) Threshold? (ua/L) Threshold?
= (Y/N) = (Y/N)

1 5/18/2018 <0.15 N <0.05 N

2 6/6/2018 <0.15 N <0.05 N

2 6/26/2018 <0.15 N <0.05 N

2 7/18/2018 <0.15 N <0.05 N

2 9/2/2018 <0.15 N <0.05 N

2 9/18/2018 <0.15 N <0.05 N

2 10/1/2018 0.36 N <0.05 N

5.2 Sediment Quality

Lake sedimentation from external (i.e., lake inputs) and internal (i.e., lake bottom sediment) sources is
anticipated to be a significant source of pollutants in the lake, particularly nutrients and organics. The
purpose of Strategy 5, Objective 1 of Goal 1 of this Plan is to determine potential sources of nutrient and
sediment loads to the lake through data collection and analysis (Table 1). Section 6.3 of this Plan presents
additional information regarding the effects of sedimentation on lake volume and yield.

Sediment deposition from erosion prone areas and high velocity streams, such as ravines near the
lakeshore, transports pollutants into the lake, which ultimately end up in the water column and lake
bottom sediment. Large Figure 7, discussed in Section 4.3.2, displays the City's priority areas for erosion
inspections. Large Figure 17 presents an analysis of average growing season turbidity in the lake, which
indicates areas of significant sedimentation loading from external sources, such as ravines.

Lake bottom sediment serves as a source and sink for pollutants in the lake's water column. The sediment
serves as a pollutant source when lake turnover, which occurs each spring and fall, has the potential to
significantly re-suspend pollutants from the upper lake bottom sediment layers into the water column.
Suspension of sediment likely has an adverse impact on surface water concentrations of nutrients,
turbidity, and total suspended solids during these times. During lake stratification in summer and winter,
lake bottom sediment serves as a pollutant sink once sediment suspended in the water column begins to
settle. Large Table 6 presents a summary of sediment samples from the LVMP sample locations 1 and 2 in
May 2017. Sediment samples were not collected under a QAPP.
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6.0 Water Supply

According to the 2019 Census of Missouri Public Water Systems (reference (27)), the lake supplies
drinking water for 13,974 people at an average daily demand in of 1.15 MGD to the City. From 2001 to
2017, the City used an average of 473 million gallons per year (1.30 MGD). Usage during this timeframe
peaked in 2004 at 579 MGY (1.59 MGD) and was at its lowest in 2009 (393 MGY, 1.08 MGD). The lake does
not supply water to areas outside City limits, but does serve as an emergency supply for both the
Thomas-Hill Public Water Supply District (THPWD), which serves a population of 10,315 (reference (28)),
and the Moberly Area Correctional Center. The Clarence Cannon Wholesale Water Commission, which
retrieves raw water from the North Fork of the Salt River (Mark Twain Lake), supplies water for both the
THPWD and Moberly Area Correctional Center.

6.1 Water Treatment

The City’s WTP intake is located near the southeast corner of the lake (Large Figure 1 and

Large Figure 16). The WTP has a capacity of 5 MGD. The City’s WTP processes include chemical addition
(rapid mix), coagulation, flocculation, sedimentation, filtration, and disinfection. Treated water is either
immediately routed to the City’'s distribution system via a wet well, or is stored in clearwells prior to
distribution. WTP improvements were constructed in 2006; the significant components included the raw
water intake, raw water pump station upgrades, backup generator, carbon silo, caustic soda feed
equipment, supervisory control and data acquisition upgrades, covered secondary basins, mixed media
filter controls, new high service main leaving the City’s boundary, and meters on the raw water and high
service mains. The water treatment system improvements and ultrasonic algae treatment units (discussed
in Section 6.2) have significantly reduced DBP formation in treated drinking water, an achievement of the
DBP reduction goal of the 2004 Plan.

20

65




WS #6.

Figure 6 Moberly Water Treatment Plant Intake

6.2 Algae Treatment

Nutrients in the lake, particularly nitrogen and phosphorus, have contributed to algal blooms in that
present treatment challenges for the City’'s WTP. The City has not had a blue-green algae bloom at the
lake, and has gathered algae speciation data from the lake (Large Table 5). However, the lake does
seasonally have algae blooms of nuisance algae that has caused water treatment challenges, such as the
formation of DBPs, and safety concerns at boat ramps and docks because of slippery conditions. The City
installed two solar-powered ultrasonic algae controller units in 2017, and a third unit in 2019, to reduce
the propagation of algae (Figure 7). The City removes the algae controller units during the winter months
and redeploys them each spring. These units have proved effective in significant reduction of algae and
associated impacts, including the reduction of DBPs
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Figure 7 Ultrasonic Algae Controller Unit in Sugar Creek Lake

6.3 Bathymetric and Lake Yield Analyses

The following sub-sections present USGS and MDNR studies of changes in lake's volume. Section 6.3.1
summarizes USGS's 2018 Bathymetric Survey findings and Section 6.3.2 summarizes MDNR's 2019 Firm
Yield Study.

6.3.1 USGS Bathymetric Survey and Change Analysis

The USGS completed a study of the lake in 2018 to analyze the bathymetric change due to erosion and
deposition since the previous survey in 2003. The 2018 survey concluded that at the spillway elevation of
746.8 feet, the surface area is 332 acres and the capacity is 5,020 acre-feet. The study found the lake to
have a similar surface area to the 2003 survey, but to have a decreased capacity of 230 acre-feet from the
2003 survey due to sediment deposition of approximately 1 - 1.5 feet across the lake bottom. Appendix C
provides the USGS 2018 survey report, which includes a change analysis figure that depicts bathymetric
change between the 2003 survey and 2018 survey due to erosion and sediment deposition.

6.3.2 MDNR Lake Yield Study

MDNR completed a water supply yield study of the lake for the City in June 2019 to provide an updated
understanding of the lake’s capacity to meet the City's water demands during drought of record (1951-
1960) conditions. The most recent yield study of the lake occurred in 2005. The 2019 study used USGS
bathymetry survey data and Reservoir System Simulation (HEC-ResSim), a simulation program developed
by the U.S. Army Corps of Engineers, to predict the lake's yield during drought of record conditions for an
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estimated City water demand of 1.33 MGD, the City's average demand between 1992 and 2017. MDNR's
2019 Lake Yield Study report is included in Appendix A.

The study included two scenarios to account for the effects of seepage from the lake's dam abutment on
estimated yield during drought conditions. MDNR estimated that 1 MGD of lake volume is lost to seepage
at full pool, or a spillway elevation of 756.8 feet. Figure 8 displays the seepage bypass from the abutment
of the dam into the spillway.

The first scenario, Scenario 1,assumed no seepage throughout the model run while the second scenario
accounted for an estimated seepage range of 750 gpm at full pool to 0 gpm when the lake is empty. The
first scenario concluded the lake will yield 1.44 MGD during the 10 year drought of record timescale, thus
meeting the estimated 1.33 MGD demand. Although Scenario 1 determined that Sugar Creek Lake could
meet the 1.33 MGD demand over ten years during an extended drought, the study noted that a total of
314 out of 3,560 days of the model run resulted in near insufficient water supply conditions. The second
scenario, Scenario 2, concluded the lake’s estimated yield, considering seepage, at 1.17 MGD is not
sufficient to meet the 1.33 MGD demand.

The yield study also evaluated the lake’s storage due to sedimentation from 2003 to 2033. The study
included an analysis of the effects of sedimentation, assuming seepage, using storage-elevation curves
developed from the 2003 and 2018 bathymetric surveys. For this analysis, the modelers assumed the
2003-2018 storage curve, a loss of 4.6%, would also occur from 2018 to 2033. The analysis determined
that an additional 12 days of insufficient yield resulted from sedimentation between 2003 and 2033.

Figure 8 Seepage Bypass from the Sugar Creek Lake Dam to the Lake Spillway

MDNR'’s study highlights the significant effects of sedimentation and seepage on available water supply
volume in the lake, including the fact that a portion of the intake is estimated to be buried under
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approximately 12 feet of sediment. The study recommends the City take steps to reduce volume lost to
seepage and create a management plan to ensure water supply in the event the intake must be moved to
a higher elevation. A third recommendation of the study is to install USGS level gages upstream of the
lake and at the intake location to more accurately estimate inflow to the lake and lake levels. The City is
currently taking steps to evaluate and construct an engineered solution to significantly reduce the
seepage in the dam abutment.

6.4 Summary of Water Supply Impacts

As discussed in Section 6.2 through Section 6.3.2, significant water supply impacts for the lake include
nutrient loading and sedimentation. In summary, actions taken by the City to address adverse water
supply impacts include, but are not limited to, WTP upgrades, installation of the ultrasonic algae controller
units, design of a project to reduce seepage in the dam abutment, and implementation of the goals,
objectives, and strategies identified in this Plan.
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7.0 Proposed Implementation

As discussed in Section 1.2, the purpose of this Plan is to identify the goals, objectives, and strategies for
the lake and provide stakeholders with a guidance document for the lake’s long-term protection as the
drinking water source for the City. Table 1 through Table 3 in Section 2.3.1 outline the specific strategies
developed for each objective and goal and the proposed implementation schedule for each strategy.

As seen in Table 1 through Table 3, the implementation timeline for the each strategy varies; the City
began to implement several strategies before the finalization of this Plan, while the implementation of
many other strategies is in early stages. Two fundamental strategies to accomplish the goals of this Plan
include establishing two stakeholder groups that meet regularly (Objective 1, Strategy 3 of Goal 3) and
further developing partnerships for implementation opportunities (Objectives 1 and 2, Strategy 4 of Goal
1). The City intends to proceed with these engagement strategies as a foundation for the implementation
of the technical and data related strategies. The City intends to review and update this Plan once every
five years in order to revise and implement new strategies to achieve the City's goals for the lake,
watershed, and long-term water supply.
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Large Table 1 Predominant NRCS Soil Types within Sugar Creek Lake Watershed

Soil Unit

60058

Soil Type

Bethesda
channery silt
loam, 20-70%

slopes

Drainage
Class

Well drained

Farmland

Classification Soil Group

Not prime
farmland

Hydrologic

Soil Notes @

e Occurs in areas of mine spoil at
sites of past surface mines

High soil acidity (generally
supports poor-quality timbers
and shrubs)

WS #6.

50021

Calwoods silt
loam, 2-5%
slopes, eroded

Somewhat
poorly
drained

Not prime
farmland

Natural fertility is low (mostly
used for hay, pasture, or
timber)

High shrink-swell potential

Seasonal perched water table is
common

Unsuited for septic system
absorption fields due to
wetness and low permeability

30068

Gorin silt loam, 5-
9% slopes, eroded

Somewhat
poorly
drained

Farmland
of
statewide
importance

Natural fertility is low (mostly
used for hay, pasture, or
timber)

High shrink-swell potential

Seasonal perched water table is
common

Unsuited for septic system
absorption fields due to
wetness and low permeability

50024

Gosport silt loam,
14-30% slopes,
eroded

Moderately
well drained

Farmland
of
statewide
importance

Most common soil type
adjacent to lake

Weathered bedrock 20-40
inches below ground surface
limits rooting

Natural fertility is low (mostly
used for woodland or pasture)

High shrink-swell potential

Unsuited for septic system
absorption fields due to slope
and limited depth to bedrock

50008

Keswick silt loam,
5-9% slopes,
eroded

Moderately
well drained

Not prime
farmland

50030

Keswick silt loam,
9-20% slopes,
eroded

Somewhat
poorly
drained

Not prime
farmland

Keswick silt loam (all slopes):

Natural fertility is medium
(mostly used for hay, pasture,
cultivated crops, or timber)

High shrink-swell potential

Seasonal perched water table is
common

Unsuited for septic system
absorption fields due to
wetness and slope
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Drainage Farmland  Hydrologic

i @
Class Classification Soil Group M Soil Notes

Soil Unit Soil Type

o Natural fertility is medium
(mostly used for hay, cultivated
crops, or pasture)

Leonard silt loam, Prime High shrink-swell potential

Poorl .
60022 1-6% slopes, draineii farmland if C/D Seasonal perched water table is

eroded drained common

Unsuited for septic system
absorption fields due to
wetness and low permeability

Mexico silt loam, Poorly Not prime
0-2 % slopes drained farmland

50058 Mexico silt loam (all slopes):

Natural fertility is medium
(mostly used for hay, cultivated
crops, or pasture)

High shrink-swell potential
Mexico silt loam,

50059 1-4% slopes,
eroded

Poorly Not prime Seasonal perched water table is
drained farmland common

Unsuited for septic system
absorption fields due to
wetness and low permeability

Natural fertility is medium
(mostly used for hay, cultivated
crops, or pasture)

Piopolis silty clay
loam, 0-2% Poorly Not prime /D
slopes, frequently | drained farmland

common
flooded
Unsuited for septic system

absorption fields due to
wetness and low permeability

Moderate shrink-swell potential
66099

Seasonal perched water table is

Natural fertility is medium
(mostly used for hay, cultivated
crops, or pasture)

. . High shrink-swell potential
Putnam silt loam, Poorly Not prime

>0012 0-1% slopes drained farmland

(W)
.

Seasonal perched water table is
common

Unsuited for septic system
absorption fields due to
wetness and low permeability

(1) A = low runoff potential; B = moderately low runoff potential; C = moderately high runoff potential; D = high runoff potential
(2) Source: reference (29)
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Large Table 2 Water Quality and Standards Comparison

Sample Locations

Sample Parameter Location 1 Location 2 Location 3
Number of . Number of . Number of .
Avg Min Max Min Max Avg Min
Samples Samples Samples
2010 11 105 94 124 11 98.5 84 116 11 97 82 116
2011 12 105 90 120 12 102 88 116 12 100 84 110
Alkalinity mg/L | 2012 13 110 92 132 13 106 84 120 13 104 80 120
2017 17 110 66 136 24 158 82 280 15 111 88 128
2018 6 92 60 112 6 97.0 90 110 6 96 90 104
2010 8 0.59 | 0.29 0.93 8 0.35 0.21 0.60 8 0.37 0.17 0.7
2011 6 043 | 0.36 0.54 6 0.26 0.19 0.35 6 0.22 0.17 0.3
. ) 2012 5 048 | 0.19 0.83 5 0.27 0.14 0.40 5 0.21 0.06 0.3
Ammonia (NHs) mg/L
2013 6 044 | 0.40 0.55 6 033 0.23 0.49 6 0.32 0.17 0.5
2017 23 0.151| 0.0 0.94 32 0.19 0.0 1.13 20 0.07 0.00 04
2018 6 0.143] 0.02 0.50 6 0.09 0.01 0.14 6 0.08 0.00 0.2
2010 7 3.7 2.6 5.2 6 2.70 14 3.2 6 2.1 14 2.5
2011 3 7.3 4.0 13.0 1 14.0 14.0 14.0 2 95 4.0 15.0
Biochemical d d
1o¢ emlca(Bcgég)en emandl ot [ 2012 4 35 [ 20 | 40 2 370 33 | 40 3 42 | 30 50
° 2013 6 5.7 34 13.0 3 4.20 2.5 7.0 2 7.5 3.0 12.0
2017 7 152 | 0.2 80.0 7 21.30 04 74.0 4 16.7 0.7 61.0
2010 8 217 | 153 28.2 8 22.8 8.8 354 8 18.5 13.2 22.6
) 2011 6 18.7 | 14.0 24.0 6 15.5 74 22.1 6 16.8 114 24.0
Chemical oxygen demand
(CoD) mg/L | 2012 5 378 | 185 73.0 5 25.1 11.6 55.0 5 24.5 12.2 52.0
2013 6 351 | 25.6 69.3 6 27.9 11.0 60.4 6 29.3 16.8 69.4
2017 7 213 | 10.0 34.0 9 171 1.0 35.0 9 144 4.0 23.0
2010 4 1918 | 412 |>2419.6 4 2311 1986 |>2419.6 4 1566 655 >2419.6
2011 6 1163| 10 |>24196 6 963 4 >2419.6 6 645 12 >2419.6
Coliforms MPN | 2012 4 1968 | 1300 |>2419.6 4 1960 579 [>2419.6 4 902 | 205 >2419.6
2013 6 1941 425 |>2419.6 6 1146 166 | >2419.6 6 1263 15 >2419.6
2017 6 1737 | 706 3873 7 2516 159 | >5794 5 1143 134 4611
W 2017 17 4.1 0.0 14.0 23 348 0.0 18.0 15 1.0 0.0 9.0
Copper ug/L
2018 6 1.7 0.0 8.0 6 0.50 0.0 2.0 6 1.2 0.0 2.0
2010 8 83 7.7 8.8 8 8.30 7.8 8.8 8 8.2 7.2 8.7
) . 2011 4 8.6 7.8 9.7 4 8.60 7.8 9.6 4 8.7 8.0 9.6
Dissolved oxygen, initial
(in situ) mg/L | 2012 4 8.6 7.9 94 4 8.70 84 9.2 4 8.9 8.5 9.2
2013 5 8.5 7.2 9.8 5 8.80 7.5 9.8 5 8.9 7.5 9.8
2017 3 9.5 9.2 9.6 6 9.20 8.8 9.6 2 9.4 9.2 9.6
2010 8 6.6 49 8.0 8 6.90 5.5 7.8 8 7.2 6.4 7.7
: ) 2011 4 7.8 6.5 9.1 4 8.00 7.0 8.8 4 8.0 7.2 8.9
Dissolved oxygen, final
(in situ) mg/L | 2012 4 6.8 6.7 7.1 4 7.00 6.4 7.6 4 7.7 6.6 8.4
2013 5 5.5 17 8.2 5 7.10 5.2 8.8 5 6.9 33 8.9
2017 3 8.1 6.0 94 6 7.60 49 9.0 2 7.7 5.9 9.5
2010 8 8.2 6.7 93 8 8.20 6.6 93 8 8.4 6.8 9.5
2011 6 8.6 6.8 9.8 6 8.80 7.5 10.2 6 9.2 8.5 10.1
Dissolved oxygen, laboratory| mg/L | 2012 5 8.9 8.2 104 5 9.40 8.3 10.3 = 9.8 8.3 11.2
2013 6 85 | 6.6 9.6 6 9.00 74 10.8 76 9.6 7.5 12.0
2017 7 103 | 85 12.2 8 10.3 9.1 11.7 5 11.0 99 11.9
2010 11 109 92 122 11 104 84 124 11 102 80 114
2011 12 121 | 106 152 12 119 106 138 12 116 102 130
Hardness mg/L | 2012 13 126 | 108 142 13 124 98 136 13 123 102 136
2017 17 126 96 158 23 175 96 328 15 125 96 160
2018 6 107 72 138 6 113 100 136 6 110 100 130
2010 11 029 0.14 0.45 11 0.15 0.08 0.27 11 0.13 0.05 0.27
Manganese mg/L | 2011 12 0.24 | 0.08 0.41 12 0.14 0.07 0.36 12 0.11 0.06 0.20
2012 13 027 | 0.14 0.45 13 0.15 0.11 0.22 13 0.11 0.06 0.17
i 2017 17 0.082| 0.009 | 0.214 24 0.096 0.010 | 0.405 15 0.028| 0.006 0.057
Manganese, filtered mg/L
2018 6 0.033| 0.004 | 0.068 6 0.010 0.004 | 0.016 6 0.012] 0.005 0.018
i 2017 17 0.329| 0.139 | 0.883 24 0.235 0.059 | 0.758 15 0.131] 0.077 0.198
Manganese, unfiltered mg/L
2018 6 0.295| 0.133 | 0.839 6 0.103 0.058 | 0.175 6 0.096| 0.058 0.178
Nitrate, as nitrogen
mg/L | 2017 7 250 | 2.20 3.00 9 5.00 0.10 | 16.00 5 1.800( 1.40 2.00
(NO; - N)
. M 2017 10 0.024| 0.000 | 0.128 13 0.030 0.000 | 0.210 9 0.007( 0.000 0.023
Nitrite (NO,) mg/L
2018 6 0.032| 0.000 | 0.177 6 0.030 0.000 | 0.145 6 0.026]| 0.000 0.141
2010 12 0.227| 0.162 | 0.461 12 0.201 0.159 | 0.243 12 0.194| 0.166 0.240
Organics mg/L | 2011 12 0.145| 0.110 | 0.206 12 0.141 0.121 | 0.206 12 0.137] 0.118 0.206
2012 12 0.152] 0.105 | 0.260 12 0.134 0.118 | 0.174 12 0.127] 0.098 0.160




Large Table 2 Water Quality and Standards Comparison

Sample Locations

Sample Parameter Location 1 Location 2 Location 3
Number of . Number of . Number of
Avg Min Max Avg Min Max Avg
Samples Samples Samples
2010 20 7.7 7.1 8.2 20 7.95 7.0 8.8 20 8.1 7.4 8.9
2011 18 79 73 8.6 18 8.07 75 8.6 18 8.2 75 8.7
H U 2012 18 7.9 7.5 8.4 18 8.15 77 8.6 18 8.3 7.6 8.8
P ' 2013 6 7.8 75 8.1 6 8.17 7.8 89 6 8.2 7.8 8.7
2017 24 8.2 73 8.6 32 7.94 74 9.0 20 83 77 9.0
2018 6 79 7.8 8.1 6 8.14 79 8.6 6 8.2 7.8 8.6
2017 23 0.316| 0.00 2.79 29 0.83 0.02 430 19 0.10 0.01 0.50
Phosphate (PO,) mg/L
2018 6 0.402| 0.06 1.10 6 0.05 0.01 0.10 6 0.05 0.03 0.06
Specific conductivity mhos 2017 14 2689 146 360 17 391 192 860 12 233 151 296
(microohms) . 2018 6 2202 141 279 6 224 204 254 6 225 201 263
2010 8 20 9 30 8 20.1 10 29 8 20 10 29
2011 6 20 15 27 6 19.8 14 28 6 20 14 28
Temperature Deg.C| 2012 5 19 12 29 5 19.4 11 30 5 20 11 30
2013 6 20 8 25 6 19.7 8 25 6 20 8 25
2017 6 9 7 13 8 8.80 5 18 4 8 6 9
. . 2017 14 177 91 243 17 258 127 500 12 158 101 199
Total dissolved solids (TSS) | mg/L
2018 6 114.1| 0.36 178 6 151 138 171 6 125 0 166
. 2010 1 38 38 38 1 12.0 12 12 1 8.0 8.0 8.0
Total suspended solids (TSS) | mg/L
2017 7 29 15 52 9 121 1 665 5 14.4 7.0 22.0
2010 12 28.7 | 14.1 38.9 12 15.0 8.9 25.5 12 1.7 57 27.1
2011 12 289 | 6.2 58.8 12 14.0 79 20.6 12 10.8 71 16.7
Turbidity NTU | 2012 13 389 | 105 73.6 13 179 10.1 27.7 13 11.0 47 21.7
2017 17 56.6 | 13.7 400 24 92.0 2.7 1310 15 124 8.6 26.3
2018 6 998 | 174 340 6 9.91 5.31 13.2 6 6.9 4.8 9.6
4 | 2017 17 0.22 | 0.09 0.66 24 0.24 0.07 0.70 15 0.12 0.09 0.18
uvz54 cm
2018 6 024 | 0.11 0.56 6 0.11 0.10 0.13 6 0.10 0.10 0.11
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Large Table 2 Water Quality and Standards Comparison

Sample Locations
Location 4 Location 5 Location 6

Number of . Number of . Number of
Avg Max Avg Max Avg

Sample Parameter Units

Samples Samples Samples
11 98 82 122 11 94 80 108 11 97 82 114
12 102 86 118 12 101 82 116 12 102 84 114
Alkalinity mg/L 13 108 90 120 13 106 90 120 13 106 90 120
15 109 88 120 15 109 88 122 19 110 88 124
6 96 90 110 6 97 90 106 6 95 88 112
8 0.37 0.16 0.71 8 036 | 0.12 0.73 8 0.37 0.15 0.71
6 0.23 0.15 0.38 6 0.26 | 0.15 0.45 6 0.26 0.16 0.37
. M 5 0.22 0.08 0.35 5 0.21 0.06 0.37 5 0.23 0.06 0.32
Ammonia (NHs) mg/L
6 0.32 0.19 0.48 6 030 | 0.17 0.50 6 0.35 0.24 0.52
20 0.05 0.01 0.12 20 0.05 | 0.00 0.11 27 0.06 0.00 0.22
6 0.06 0.00 0.15 6 0.06 | 0.00 0.15 6 0.16 0.00 0.80
5 24 1.2 3.0 5 6.5 1.5 24.0 4 3.1 2.5 3.8
2 8.0 3.0 13.0 2 8.0 3.0 13.0 2 7.0 3.0 11.0
Biochemical oxygen demand
(80D.) mg/L 2 3.8 3.6 4.0 2 4.1 4.0 42 1 24 2.4 24
5
3 53 2.8 10.0 3 2.5 2.0 3.0 3 3.7 3.0 5.0
5 3.2 1.0 7.0 5 2.8 0.9 4.0 4 3.1 2.0 6.0
8 19.7 9.3 38.0 8 19.0 | 121 243 8 19.3 9.0 30.0
. 6 19.2 154 223 6 178 | 11.6 20.7 6 17.1 12.5 27.0
Chemical oxygen demand
(COD) mg/L 5 282 9.9 58.0 5 28.0 | 1041 55.0 5 274 10.1 54.0
6 289 19.2 54.7 6 260 | 164 52.7 6 22.8 0.0 58.9
5 15.8 10.0 29.0 5 17.2 9.0 23.0 8 21.3 3.0 56.0
4 1772 1046 |>2419.6 4 1585 | 298 [ >2419.6 4 2045 921 |>2419.6
6 733 2 >2419.6 6 620 14 | >2419.6 5 887 64 |>24196
Coliforms MPN 3 1785 517 |>24196 4 1026 | 248 |>24196 4 1117 | 135 [>24196
6 1516 22 | >2419.6 6 1124 54 | >2419.6 6 1262 46 | >2419.6
5 531 122 1421 5 456 64 1430 6 479 5 1333.0
(1) 15 1.5 0.0 5.0 15 1.2 0.0 5.0 18 2.9 0.0 12.0
Copper ug/L
6 0.5 0.0 1.0 6 0.7 0.0 3.0 6 35 0.0 7.0
8 8.3 7.7 8.8 8 84 7.7 8.8 8 8.5 7.7 9.2
) . 4 8.7 8.0 9.7 4 8.2 7.0 9.6 4 8.2 7.0 9.6
Dissolved oxygen, initial
(in situ) mg/L 4 8.8 84 9.2 4 8.8 84 9.1 4 8.6 83 9.0
6 8.8 7.5 9.8 4 8.8 7.6 9.9 5 8.8 7.5 9.8
4 10.1 9.7 10.5 5 10.3 9.9 10.7 6 9.7 8.7 10.4
8 74 6.3 8.2 8 7.3 6.4 7.8 8 7.2 6.5 7.9
. ) 4 8.0 7.2 8.6 4 7.6 7.0 84 4 7.6 6.9 8.6
Dissolved oxygen, final
(in sit) mg/L 4 7.3 6.5 8.0 4 74 6.7 8.2 4 7.2 5.8 8.0
6 7.1 4.0 8.7 4 7.8 6.3 8.8 5 74 6.2 9.0
4 7.2 44 8.7 5 7.8 6.2 8.7 6 7.2 5.3 9.0
8 84 5.8 9.7 8 8.5 6.2 9.8 8 8.8 7.0 10.3
6 9.2 8.5 10.0 6 9.3 8.7 10.0 6 9.3 8.7 10.0
Dissolved oxygen, laboratory| mg/L 5 9.9 8.6 10.9 5 9.8 8.4 11.0 5 A 7.8 10.0
6 9.7 7.6 11.9 6 94 7.7 11.7 6 78 7.6 11.6
5 10.9 10.0 11.9 5 11.2 | 10.1 11.9 8 10.8 9.9 11.8
11 100 82 114 11 101 80 116 11 100 80 114
12 116 96 134 12 114 92 136 12 115 94 130
Hardness mg/L 13 121 96 134 13 121 94 138 13 119 94 134
15 119 96 132 15 119 94 134 19 121 96 140
6 112 102 134 6 114 104 128 6 114 100 132
11 0.14 0.06 0.26 11 0.16 | 0.05 0.41 11 0.16 0.07 0.30
Manganese mg/L 12 0.11 0.06 0.20 12 0.09 | 0.02 0.26 12 0.12 0.06 0.20
13 0.12 0.06 0.19 13 0.11 0.06 0.16 13 0.13 0.07 0.25
i 15 0.025 0.000 | 0.045 15 0.032 | 0.002 | 0.059 19 0.041 | 0.006 | 0.177
Manganese, filtered mg/L
6 0.009 0.005 | 0.013 6 0.012 | 0.002 | 0.015 6 0.013 | 0.008 | 0.022
} 15 0.127 0.088 | 0.164 15 0.130 | 0.074 | 0.178 19 0.178 | 0.110 | 0.478
Manganese, unfiltered mg/L
6 0.097 0.069 | 0.122 6 0.110 | 0.056 | 0.177 6 0.124 | 0.071 | 0.172
Nitrate, as nitrogen
mg/L 5 1.90 1.00 2.80 5 1.80 | 1.60 2.00 8 340 0.70 13.00
(NO3 - N)
o @ 9 0.007 0.000 | 0.023 9 0.229 | 0.000 | 2.000 10 0.011 | 0.000 | 0.029
Nitrite (NO,) mg/L
6 0.025 0.000 | 0.137 6 0.025 | 0.001 | 0.136 6 0.031 | 0.000 | 0.169
12 0.198 0.162 | 0.236 12 0.197 | 0.164 | 0.239 12 0.199 | 0.166 | 0.254
Organics mg/L 12 0.139 0.112 | 0.208 12 0.138 | 0.111 | 0.205 12 0.143 | 0.120 | 0.216
12 0.129 0.100 | 0.169 12 0.131 ] 0.106 | 0.170 12 0.133 | 0.112 | 0.194




Large Table 2 Water Quality and Standards Comparison

Sample Locations

Sample Parameter Location 4 Location 5 Location 6
Number of . Number of . Number of
Avg Max Avg Max Avg
Samples Samples Samples
19 0.07 0.01 0.20 19 0.06 | 0.00 0.20 25 0.26 0.00 3.70
Phosphate (PO,) mg/L
6 0.07 0.00 0.13 6 0.06 | 0.03 0.17 6 0.04 0.00 0.08
Specific conductivity mhos 12 222 171 259 12 249 208 287 14 246 148 311
. M
(microohms) 6 227 203 261 6 237 204 270 6 235 201 281
8 19 8 29 8 21 10 29 8 21 10 29
6 20 14 28 6 20 14 28 6 20 14 28
Temperature Deg. C 5 20 12 30 5 20 12 30 5 20 12 30
6 20 8 25 6 20 9 25 6 20 9 25
4 8 6 9 4 8 7 9 7 10 8 17
. . 12 152 115 180 12 168 136 203 14 176 102 355
Total dissolved solids (TSS) | mg/L
6 150 132 178 6 156 145 187 6 153 136 177
. 1 7 7 7 1 7 7 7 1 14.0 14.0 14.0
Total suspended solids (TSS) | mg/L
5 11.8 8 16 5 94 7 13 8 18.2 11.2 24.0
12 11.8 6.0 24.1 12 11.1 5.0 25.2 12 13.7 6.6 29.4
12 10.2 6.2 18.2 12 9.6 4.6 18.6 12 121 6.8 17.6
Turbidity NTU 13 12.1 46 21.1 13 10.7 6.4 233 13 13.1 76 21.9
15 12.6 7.0 21.8 15 109 75 18.9 19 21.8 73 77.8
6 11.6 5.9 20.3 6 6.0 37 8.0 6 16.6 6.4 23.8
P 15 0.12 0.08 0.19 15 0.12 | 0.09 0.18 19 0.15 0.08 0.33
uvz54 cm
6 0.12 0.10 0.17 6 0.11 0.10 0.12 6 0.12 0.10 0.19
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Large Table 2 Water Quality and Standards Comparison

Sample Locations

Sample Parameter Location 7 Location 8
Number of . Number of
Avg Min Max Avg
Samples Samples
11 95 80 108 11 95 80 110
12 101 80 114 12 102 84 112
Alkalinity mg/L 13 106 90 120 13 105 92 120
15 110 88 122 18 111 88 136
6 95 90 108 6 96 90 108
8 0.34 0.11 0.69 8 0.33 0.11 0.71
6 0.29 0.14 0.62 6 0.29 0.14 0.65
. M 5 0.19 0.01 0.29 5 0.20 0.00 0.30
Ammonia (NHs) mg/L
6 0.31 0.17 0.49 6 0.31 0.18 0.48
20 0.07 0.00 0.45 24 0.05 0.00 0.22
6 0.05 0.00 0.11 6 0.06 0.01 0.15
5 2.5 1.0 3.8 3 2.2 0.8 3.0
1 14.0 14.0 14.0 1 12.0 12.0 12.0
Biochemical oxygen demand n > 18 I - > =7 T 7
m : .
(BOD) g . d . g
1 2.0 2.0 2.0 -- -- -- -~
4 2.1 0.9 34 4 2.1 0.9 4.0
8 18.5 1.3 25.7 8 18.2 13.8 233
. 6 16.4 13.3 22.7 6 18.5 92 35.0
Chemical oxygen demand
(COD) mg/L 5 28.6 13.3 53.0 5 25.0 5.4 51.0
6 27.1 15.1 60.7 6 308 16.6 60.0
5 15.8 12.0 20.0 6 11.0 1.0 21.0
4 1959 578 | >2419.6 4 1767 816 |>2419.6
6 758 1 >2419.6 6 611 1 >2419.6
Coliforms MPN 4 1888 | 727 | >24196 4 1350 | 345 [>24196
6 1056 29 >2419.6 6 1288 19 >2419.6
5 180 14 638.0 5 111 20 148
(1) 15 1.8 0.0 16.0 18 0.8 0.0 5.0
Copper ug/L
6 0.2 0.0 1.0 6 0.3 0.0 2.0
8 8.3 7.6 8.7 8 8.3 7.7 8.7
) . 4 8.1 7.0 9.5 4 8.2 7.0 9.5
Dissolved oxygen, initial
o mg/L 4 8.7 8.4 9.1 4 8.6 7.9 9.1
(in situ)
4 8.8 7.5 9.9 4 8.6 7.3 9.9
4 10.2 9.9 104 5 10.0 93 104
8 7.1 6.1 7.8 8 6.4 0.3 7.7
. . 4 7.7 6.9 8.8 4 7.6 6.8 8.5
Dissolved oxygen, final
o mg/L 4 7.1 5.8 8.4 4 6.7 5.1 8.2
(in situ)
4 7.9 6.3 8.8 4 7.8 6.2 8.9
4 7.8 7.0 8.4 5 8.0 6.6 9.1
8 8.7 7.2 9.7 8 84 7.5 9.6
6 9.1 83 10.1 6 9.1 7.9 10.1
Dissolved oxygen, laboratory| mg/L 5 9.3 8.2 10.8 5 9.0 6.3 10.4
6 9.1 74 11.6 6 8.7 7.1 11.6
5 11.3 10.8 11.6 6 11.2 10.3 1.7
11 100 80 110 11 102 82 114
12 115 98 126 12 116 98 130
Hardness mag/L 13 120 98 136 13 120 96 136
15 122 98 140 6 114 100 142
6 113 96 132 6 114 100 142
11 0.15 0.05 0.31 11 0.15 0.05 0.30
Manganese mg/L 12 0.11 0.05 0.25 12 0.11 0.05 0.24
13 0.12 0.07 0.23 13 0.13 0.07 0.37
i 15 0.042 | 0.008 0.163 18 0.047 | 0.009 | 0.187
Manganese, filtered mg/L
6 0.010 | 0.008 0.014 6 0.011 [ 0.007 | 0.014
} 15 0.143 | 0.076 0.446 18 0.142 | 0.066 | 0.488
Manganese, unfiltered mg/L
6 0.091 0.056 0.131 6 0.100 [ 0.053 | 0.174
Nitrate, as nitrogen
mg/L 5 1.72 130 2.30 6 1.80 1.40 2.30
(NO; - N)
o @ 9 0.006 | 0.000 0.018 10 0.006 [ 0.000 [ 0.015
Nitrite (NO,) mg/L
6 0.025 | 0.000 0.133 6 0.025 [ 0.000 | 0.138
12 0.195 | 0.164 0.226 12 0.192 [ 0.159 | 0.222
Organics mg/L 12 0.139 | 0.115 0.210 12 0.141 | 0.113 | 0.216
12 0.127 | 0.104 0.173 12 0.127 | 0.105 | 0.165




Large Table 2 Water Quality and Standards Comparison

Sample Locations

Sample Parameter Units o g Location 8
Number of . Number of
Avg Max Avg
Samples Samples
19 0.05 0.01 0.20 22 0.08 0.01 0.38
Phosphate (PO,) mg/L
6 0.04 0.01 0.08 6 0.0 0.01 0.04
Specific conductivity mhos 12 249 166 292 14 267 158 548
(microohms) g 6 232 216 270 6 229 209 267
8 21 11 29 8 21 11 28
6 20 14 28 6 20 14 27
Temperature Deg. C 5 20 12 29 5 20 12 29
6 20 10 24 6 19 10 24
4 9 8 9 5 8 8 9
. . 12 159 102 186 14 162 108 200
Total dissolved solids (TSS) | mg/L
6 156 142 187 6 149 142 162
. 1 8.0 8.0 8.0 1 3 3 3
Total suspended solids (TSS) | mg/L
5 9.0 6.0 12.0 6 10 5 15
12 11.2 5.3 215 12 9.8 5.4 21.2
12 10.6 49 21.2 12 93 49 183
Turbidity NTU 13 10.6 6.7 17.4 13 9.9 6.0 18.2
15 95 53 20.2 18 9.2 52 33.2
6 7.0 44 12.8 6 6.6 3.6 13.0
P 15 0.12 0.09 0.19 18 0.12 0.09 0.25
uv254 cm
6 0.11 0.09 0.12 6 0.11 0.09 0.12

(1) Negative sample results occurred for these parameters and were assumed to be zer
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Large Table 3a Sugar Creek Lake Volunteer Monitoring Site 1 Nutrient Criteria Comparison

Chlorophyll-a Response Impairment Total Phosphorus Screening Threshold Total Nitrogen Screening Threshold Chlorophyll-a Screening Threshold Endpoint Criteria
Threshold (49 pg/L) (843 ug/L) (18 ug/L)
Subsy Eutrophication- Eutrophication- .
of Summer  Exceeds Summer | Exceeds Consider Summer | Exceeds Consider Summer | Exceeds Consider Related pH or DO Related Excessive
Samples Geometric Threshold Impaired?” Geometric Threshold Endpoints Impaired?® Geometric Threshold Endpoints Impaired?® Geometric Threshold Endpoints Impaired?®® Mortality Epilimnetic  Cyanobacteria'® Aquatic Mineral
Mean  ?(Y/N) Mean  ?(Y/N)  ?(Y/N) Mean  ?(Y/N)  ?(Y/N) Mean  ?(Y/N)  ?(Y/N) Evente®  Excursions®® Diversity  Turbidity®
Shifts”
2000 2 377 Y N 721 Y N N 1077 Y N N 37.7 Y N N No data No data N N N
2001 7 204 N N 336 N N N 597 N N N 204 Y Y N No data No data N N N
2002 9 189 N N 48.7 N N N 725 N N N 18.9 Y Y N No data No data N N N
2003 8 18.1 N N 433 N N N 676 N N N 18.1 Y N N No data No data N N N
2004 8 26.2 N N 50.2 Y N N 662 N N N 26.2 Y N N N No data N N N
2005 10 23.1 N N 45.1 N N N 767 N N N 23.1 Y Y N N No data N N N
2006 9 27.1 N N 423 N N N 629 N N N 27.1 Y Y N N No data N N N
2007 6 21.0 N N 440 N N N 678 N N N 21.0 Y Y N N No data N N N
2008 8 13.6 N N 455 Y N N 850 Y N N 13.6 N Y N N No data N N N
2009 6 21.7 N N 442 Y Y N 903 Y N N 21.7 Y Y N N No data N N N
2010 8 22.0 N N 60.9 Y Y N 858 Y Y N 22.0 Y Y N N N N N N
2011 7 18.9 N N 35.9 N Y N 772 N Y N 18.9 Y Y N N N N N N
2012 7 325 Y N 49.8 Y Y N 871 Y N N 325 Y Y N N N N N N
2013 8 14.7 N N 471 Y Y N 900 Y Y N 14.7 N N N N N N N N
2014 8 12.6 N N 315 N Y N 690 N Y N 12.6 N N N N No data N N N
2015 7 24.6 N N 40.6 N N N 684 N N N 24.6 Y N N N No data N N N
2016 8 235 N N 40.1 N N N 816 N N N 23.5 Y Y N N No data N N N
2017 8 20.9 N N 432 N N N 928 Y N N 20.9 Y Y N N No data N N N
2018 7 18.2 N N 36.8 N N N 966 % % N 18.2 % % N Report No data N N N
forthcoming

(1) Per Missouri's Nutrient Criteria Implementation Plan (rule reference), a lake is considered impaired for nutrient criteria if the geometric mean of Chl-a samples taken between May and September in a calendar year exceeds the respective ecoregion Chla-response impairment threshold value more than once in three
years' time.

(2) For lakes where the geometric mean of Chl-a, TN, or TP exceeds the ecoregional nutrient screening evaluation thresholds, the additional response assessment endpoints will be evaluated. When one of these endpoints indicate a eutrophication impact in the same year as a nutrient screening threshold exceedance,
the lake will be placed into category 5 and on the 303(d) list.

(3) Following the Department's Listing Methodology Document (Appendix B of the Nutrient Implementation Plan), this endpoint criteria is exceeded if two or more fish kills have occurred within the last three years of available data or there is one large (>100 fish and covering more than ten percent of the lake area) fish
kill documented to be caused by dissolved oxygen excursions, pH, algal blooms, or the toxins associated with algal blooms (10 CSR 20-7.031(5)(N)6.A).

(4) Following the Department's Listing Methodology Document (Appendix B of the Nutrient Implementation Plan), this endpoint criteria will be evaluated further if the following occur: if more than 10% of the measurements are below 5.0 mg/L minimum to protect aquatic life or more than 10% of the measurements
are outside the 6.5 to 9.0 range to protect aquatic life, the binomial probabilities will be used to determine if the if the criterion have been exceeded [10 CSR 20-7.031(5)(N)6.B].

(5) Dissolved oxygen data is collected by the City of Moberly and is not part of the approved Quality Assurance Project Plan.

(6) This endpoint criteria is exceeded if the following algal toxin value thresholds are exceeded: microcystin - 4.0 ug/L, cylindospermopsin - 8.0 ug/L, anaytoxin-a - 8.0 ug/L, and saxitoxin - 4.0 ug/L. These toxin levels are associated with a total toxigenic algal species cell count greater than or equal to 100,000 cell/mL [10

CSR 20-7.031(5)(N)6.C].

(7) This endpoint criteria is exceeded if the Department finds evidence in biological shifts in fish or invertebrate communities related to eutrophication [10 CSR 20-7.031(5)(N)6.D]. The Department will request aquatic community data from multiple sources to perform an evaluation of this endpoint. The Department

provided the City of Moberly with fish sampling population statistics from 2001, 2005, 2009, 2014 (reference (26)); the information provided in these statistics does not indicate this endpoint criteria is met

(8) This endpoint criteria is exceeded if there are measured lake Secchi depths less than 0.6 meters in the Plains ecoregion. Yearly average Secchi depths below the applicable ecoregional value may constitute evidence of impairment. Additional analysis of average Chl-a/TP ratios will also be conducted before determining impairment
status. Unless attributed to other physical factors, Chl-a/TP ratios at or below 0.15 and an ISS value greater than or equal to 10 mg/L as determined by yearly means will serve as an indicator of excessive mineral turbidity and constitute evidence of impairment. Assessment threshold values for Secchi depth, Chla-/TP ratio, and ISS shall
all be exceeded before determining a water is impaired [10 CSR 20-7.031(5)(N)6.E].
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Large Table 3b Sugar Creek Lake Volunteer Monitoring Site 2 Nutrient Criteria Comparison

Chlorophyll-a Response
Impairment Threshold
(30 pg/L)

Total Phosphorus Screening Threshold Total Nitrogen Screening Threshold Chlorophyll-a Screening Threshold Endpoint Criteria
(49 pg/L) (843 pg/L) (18 pg/L)
Number

of . . . Eutrophication-
Summer Exceeds Summer Exceeds Consider Summer Exceeds Consider Summer Exceeds Consider pH or DO Related

Eutrophication-

Impaired? Related

S | - : .
AMPIES  Geometric Threshold 5 Geometric Threshold Endpoints Impaired?® Geometric Threshold Endpoints Impaired?® Geometric Threshold Endpoints Impaired?® Mortality Epilimnetic  Cyanobacteria® Aquatic
Mean 2 (Y/N) Mean  ?2(Y/N)  ?(Y/N) Mean  ?2(Y/N)  ?(Y/N) Mean  ?2(Y/N)  ?(Y/N) @  Excursions®® Diversity

Events
Shifts™”

WS #6.

Excessive
Mineral
Turbidity®

2000 2 62.2 Y N 90.1 Y N N 1087 Y N N 62.2 Y N N No data No data N N N
2001 7 23.2 N N 441 N N N 614 N N N 23.2 Y Y N No data No data N N N
2002 9 233 N N 56.3 N N N 770 N N N 233 Y Y N No data No data N N N
2003 8 243 N N 55.7 N N N 730 N N N 243 Y Y N No data No data N N N
2004 8 26.6 N N 58.2 Y N N 664 N N N 26.6 Y Y N N No data N N N
2005 9 389 Y N© 58.2 N N N 820 N N N 389 \% Y N N No data N N N
2006 9 314 Y N© 479 N N N 640 N N N 314 Y Y N N No data N N N
2007 6 233 N N 50.0 N N N 661 N N N 233 Y Y N N No data N N N
2008 8 13.9 N N 57.4 Y N N 845 Y N N 13.9 N Y N N No data N N N
2009 6 15.9 N N 429 Y Y N 730 N N N 15.9 N N N N No data N N N
2010 8 26.9 N N 63.4 Y Y N 884 Y Y N 26.9 Y N N N N N N N
2011 7 26.2 N N 483 N Y N 800 N Y N 26.2 Y Y N N N N N N
2012 7 329 Y N 55.1 Y Y N 849 Y Y N 329 Y Y N N N N N N
2013 8 20.0 N N 55.3 Y Y N 852 Y Y N 20.0 Y Y N N N N N N
2014 8 189 N N 413 N Y N 703 N Y N 18.9 Y Y N N No data N N N
2015 7 249 N N 46.2 N N N 755 N N N 249 Y N N N No data N N N
2016 8 234 N N 444 N N N 834 N N N 234 Y Y N N No data N N N
2017 8 24.5 N N 486 N N N 937 Y N N 24.5 Y Y N N N N N N
2018| 7 195 N N 424 N N N 828 N y N 195 y y N Report No data N N N
forthcoming

(1) Per Missouri's Nutrient Criteria Implementation Plan (rule reference), a lake is considered impaired for nutrient criteria if the geometric mean of Chl-a samples taken between May and September in a calendar year exceeds the respective ecoregion Chla-response impairment threshold value more than once in
three years' time.

(2) For lakes where the geometric mean of Chl-a, TN, or TP exceeds the ecoregional nutrient screening evaluation thresholds, the additional response assessment endpoints will be evaluated. When one of these endpoints indicate a eutrophication impact in the same year as a nutrient screening threshold exceedance,
the lake will be placed into category 5 and on the 303(d) list.

(3) Following the Department's Listing Methodology Document (Appendix B of the Nutrient Implementation Plan), this endpoint criteria is exceeded if two or more fish kills have occurred within the last three years of available data or there is one large (>100 fish and covering more than ten percent of the lake area)
fish kill documented to be caused by dissolved oxygen excursions, pH, algal blooms, or the toxins associated with algal blooms (10 CSR 20-7.031(5)(N)6.A).

(4) Following the Department's Listing Methodology Document (Appendix B of the Nutrient Implementation Plan), this endpoint criteria will be evaluated further if the following occur: if more than 10% of the measurements are below 5.0 mg/L minimum to protect aquatic life or more than 10% of the measurements
are outside the 6.5 to 9.0 range to protect aquatic life, the binomial probabilities will be used to determine if the if the criterion have been exceeded [10 CSR 20-7.031(5)(N)6.B].

(5) Dissolved oxygen data is collected by the City of Moberly and is not part of the approved Quality Assurance Project Plan.

(6) This endpoint criteria is exceeded if the following algal toxin value thresholds are exceeded: microcystin - 4.0 ug/L, cylindospermopsin - 8.0 ug/L, anaytoxin-a - 8.0 ug/L, and saxitoxin - 4.0 ug/L. These toxin levels are associated with a total toxigenic algal species cell count greater than or equal to 100,000 cell/mL
[10 CSR 20-7.031(5)(N)6.C].

(7) This endpoint criteria is exceeded if the Department finds evidence in biological shifts in fish or invertebrate communities related to eutrophication [10 CSR 20-7.031(5)(N)6.D]. The Department will request aquatic community data from multiple sources to perform an evaluation of this endpoint. The Department
provided the City of Moberly with fish sampling population statistics from 2001, 2005, 2009, 2014 (reference (26)); the information provided in these statistics does not indicate this endpoint criteria is met

(8) This endpoint criteria is exceeded if there are measured lake Secchi depths less than 0.6 meters in the Plains ecoregion. Yearly average Secchi depths below the applicable ecoregional value may constitute evidence of impairment. Additional analysis of average Chl-a/TP ratios will also be

conducted before determining impairment status. Unless attributed to other physical factors, Chl-a/TP ratios at or below 0.15 and an ISS value greater than or equal to 10 mg/L as determined by yearly means will serve as an indicator of excessive mineral turbidity and constitute evidence of

impairment [10 CSR 20-7.031(5)(N)6.E].

(9) According to the Nutrient Implementation Plan, data older than seven years will not be considered for impairment.
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Large Table 4 Sugar Creek Lake Volunteer Monitoring Sites 1 and 2 Secchi, Chl-a/TP, and Inorganic Suspended Solids Data

Secchi Depth (meters)

Chlorophyll-a / Total
Phosphorus Ratio

Inorganic Suspended Solids

Secchi Depth (meters)

Chlorophyll-a / Total
Phosphorus Ratio

Inorganic Suspended Solids

WS #6.

Number of Number of
Samples < Ecoregional < Nutrient > Nutrient Samples < Ecoregional < Nutrient > Nutrient
Annual Annual Implementation Plan Annual Implementation Plan Annual Annual Implementation Annual Implementation
Average Vallzilc::)O.G? Average Suggestion of 0.15? Average Suggestion of 10? Average VaIt;eY/o':)O.G? Average Plan Suggestion Average Plan Suggestion
(Y/N) (Y/N) of 0.15? (Y/N) of 10? (Y/N)
2000 2 0.66 N 0.52 N 46 N 2 0.61 N 0.72 N 5.0 N
2001 5 0.99 N 0.59 N 35 N 7 0.80 N 0.50 N 5.3 N
2002 8 0.82 N 0.41 N 5.7 N 8 0.75 N 043 N 7.0 N
2003 7 0.83 N 0.41 N 5.9 N 8 0.75 N 043 N 9.1 N
2004 8 0.80 N 0.51 N 5.9 N 8 0.69 N 048 N 7.9 N
2005 10 0.76 N 0.52 N 54 N g 0.69 N 0.66 N 74 N
2006 9 0.84 N 0.67 N 46 N 9 0.76 N 0.66 N 6.2 N
2007 6 0.86 N 0.52 N 45 N 6 0.70 N 0.52 N 5.5 N
2008 8 1.02 N 0.38 N 5.0 N 8 0.83 N 0.32 N 8.7 N
2009 6 0.80 N 0.48 N 5.8 N 6 0.75 N 0.36 N 7.6 N
2010 8 0.67 N 043 N 7.1 N 8 0.65 N 0.46 N 7.7 N
2011 7 0.83 N 0.53 N 4.6 N 7 0.70 N 0.52 N 74 N
2012 7 0.84 N 0.64 N 5.0 N 7 0.68 N 0.58 N 73 N
2013 8 0.63 N 0.41 N 11.5 Y 8 0.57 Y 0.41 N 14.0 Y
2014 8 1.07 N 0.44 N 2.8 N 0.88 N 045 N 47 N
2015 7 0.87 N 0.61 N 43 N 7 0.66 N 0.56 N 5.5 N
2016 8 0.80 N 0.65 N 3.9 N 8 0.72 N 0.56 N 54 N
2017 8 0.75 N 0.47 N 47 N 8 0.66 N 0.46 N 6.1 N
2018 7 0.94 N 0.54 N 3.6 N 7 0.78 N 0.57 N 44 N
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Large Table 5 City of Moberly Sugar Creek Lake Algal Data

City Total Al -
Surve Date otal Algae Percent Count by Species Algae Genus
. y Count Other Algae Present
Location
. (count/mL)
(Site #) Oscillatoria Unidentified Gloeocapsa Cyclotella Asterionella Stephanodiscus Nitzchia
> 3/27/2017 1600 ) ) ) 570 330 h 50 Stauronels,.TracheIomonas, Navicula,
Stephanodiscus, Euglena
8 3/27/2017 1300 - - - 39.0 42.0 14.0 - Nitzchia, Trachelomonas
2 3/30/2017 860 - - - 33.0 59.0 17.0 3.0 Navicula, Trachelomonas
Phacotus, Trachelomonas, Closteriopsis,
2 | 7/26/2017 | 4900 76.5 9.0 50 10 - . <10 | Actinastrum, Haematococcus, Synedra,
Spirulina, Merismopedia, Euglena,
Anabaena, Cylindrospermum, Aphanocapsa
Phacotus, Trachelomonas, Closteriopsis,
6 | 7/26/2017 | 4600 75.5 80 45 . - . <10 | Actinastrum, Haematococeus, Synedra,
Spirulina, Merismopedia, Anabaena,
Aphanocapsa, Coelastrum
Closteriopsis, Synedra, Cylindrospermum,
8 7/26/2017 4600 81.5 9.5 35 - - - <1.0 Scenedesmus, Merismopedia,
Trachelomonas, Cylindrospermopsis
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Large Table 6 City of Moberly Sugar Creek Lake Bottom Sediment Data

WS #6.

Total
. Total Sediment BOD TSS o . Nitrate, Ammonia, Organic Manganese
Sample ID Sample Date = Sub-Sample ID Drainage ID Map ID Depth Depth a7l || mg/i %M K!eldahl NO; NH; Nitrogen SO,-S (Mn) Comments
Nitrogen
1A Area #1 1A 22" 1"
#1 5/9/2017 1B Area #1 1B 3" 1" 277 | 2300 | 4366 | 5634 1,949 4 59 1887 | 422 | 1,769 639 429 Area very shallow, little
sediment, good bottom
1C Area #1 1C 30" 1"
2A Area #2 2A 318" 1"
2B Area #2 28 70" o 439 | 3250 | 4548 | 5452 1724 0 46 1678 | 368 | 2406 593 543 - e
# 5/9/2017 Remdenhal;rei with 15
2C Area #2 2C 11'0" 3" 20 docks
2D Area #2 2D 16'0" 12"
3A Area #3 3A 318" 10"
#3 5/9/2017 3B Area #3 3B 40" 6" 325 | 3050 | 4891 | 51.09 1,949 3 108 1838 | 446 | 1613 760 443 Fair amount of sediment,
3 to 4 ft. total depth
3C Area #3 3C 318" 6"
4A1 Area #4E 4A1 310" 6"
4A2 Area #4E 4A2 90" 6" 321 | 2610 | 4764 | 5236 2,301 4 50 2248 | 488 | 126342 | 2,261 803
#4A 5/9/2017 Solid bottom, good cores
4A3 Area #4E 4A3 13'0" 12"
4A4 Area #4E 4A4 13'4" 12"
4B1 Area #4N 4B1 2'10" 1"
4B2 Area #4N 4B2 31" 1" 398 | 2510 | 4965 | 5035 1913 4 46 1863 | 408 | 1,671 693 418 - ,
#4B 5/9/2017 4 coves, little sediment,
4B3 Area #4N 4B3 6'6" 1" good cores
4B4 Area #4N 4B4 510" 1"
5A Area #5W 5A 58" 1"
5B Area #5W 58 70" 1" 451 | 3,090 | 4621 | 53.79 1,301 5 57 1,239 | 293 | 1,926 781 440 Py -
#5 5/9/2017 ood '
5C Area #5W 5C 6'8" 1" ok G
5D Area #5W 5D 5'6" 1"
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Total
. Total Sediment BOD . Nitrate, Ammonia, Organic Manganese
Sample ID Sample Date = Sub-Sample ID Drainage ID Map ID Depth Depth L K!eldahl NO; NH; Nitrogen SO.-S (Mn) Comments
Nitrogen
Mixing Zone . .
6A1 #1843 b6A1 5'0 1
Mixing Zone A .
6A2 #1803 6A2 510 6
#6A 5/9/2017 6A3 Mixing Zone 6A3 16'0" 12" 359 | 3,620 | 5824 | 4176 2,467 0 88 2378 | 538 | 2042 | 736 677 No core next to bridge,
#18#3 cores with sludge judge
Mixing Zone iA "
6A4 #1803 6A4 16'0 12
Mixing Zone . .
6A5 #1843 6A5 16'0 12
Mixing Zone YA "
6B1 HDRHEAA 6B1 16'6 1
Mixing Zone e "
682 N 682 150 1 435 | 2510 | 4399 | 56.01 2,146 0 1 2145 | 430 | 3598 | 1,405 927 Channel +22 ft, solid
#6B 5/9/2017 bottom, rock and sand
Mixing Zone An " present
6B3 HDRHAN 6B3 17'0 1
Mixing Zone . .
6B4 HDRHAN 6B4 18'0 1
7A Mixing Zone #1- 7A 210" "
#5
. #1.
7B Mixing :50”6 ! 7B 18'6" 1 387 | 2440 | 4922 | 5078 1,835 0 1 1834 | 368 | 3292 | 949 952
# 5/9/2017 - Cample clocer o bk
7c Mixing Zone #1- 7c 19'0" T
#5
D Mixing Zone #1- D 200" "
#5
8A Intake Area 8A 21'0" 1"
8B Intake Area 8B 8'0" 2" 432 3,270 | 46.93 53.07 2,425 0 47 2,378 509 3,902 1,401 763 lllen [eresifian <22 (G [file
#8 5/9/2017 di ,
8C Intake Area 8C 18'0" 1" sediment
8D Intake Area 8D 15'6" 1"
Average 3.82 2,865 | 47.99 52.01 2,001 2 50 1,949 427 14,856 1,022 640
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FIRM YIELD ASSESSMENT: SUGAR CREEK LAKE,
RANDOLPH COUNTY, MISSOURI

By Karen Rouse, Emma Schneider

Executive Summary

Sugar Creek Lake in Randolph County Missouri is the sole water supply source for the City of
Moberly. The City serves 12,174 people with an average daily use of 1.15 million gallons per
day (MGD). In 2005, the Missouri Department of Natural Resources conducted a yield study of
Sugar Creek Lake for the City of Moberly. The results indicated that if the community were to
experience conditions similar to the drought of record (1951-1960), there would not be enough
water in the reservoir to meet the City’s water needs. In light of the results of the previous
study, City managers have requested an updated yield study so that water planning efforts can
be based on current data. The purpose of this study is to provide the City with an updated
understanding of Sugar Creek Lake’s capacity to meet the City’s water demand during drought
of record conditions. It is important to note for the purpose of this study it was assumed that
no drought conservation actions were taken by the City of Moberly.

A new bathymetric study was conducted by the U.S. Geological Survey (USGS) in September
2018 to assess the volumetric capacity of the reservoir. The USGS study provided information
on the magnitude of sedimentation that has occurred since the 2003 USGS bathymetry survey
used in the 2005 yield study, and where within the reservoir that sedimentation occurred. The
2018 bathymetric study indicates that water storage has decreased by 240 acre-feet, or 4.6%,
over the last 15 years. This equates to 78 million gallons of reservoir storage lost.

The data provided by the USGS was used as input data for HEC-ResSim, reservoir simulation
software created by the U.S. Army Corps of Engineers. Two separate scenarios were simulated
over an approximate 10 year period in HEC-ResSim. One scenario examined only water demand
and reservoir yield. The second scenario included seepage from the reservoir as well as water
demand and reservoir yield. For the purpose of this study 1.33 MGD was used to represent the
daily demand, as that is the average demand over the past 25 years. From these analyses, the
model indicates that if the current rate of seepage continues, Sugar Creek Lake can only yield
1.17 MGD if a similar drought to the 1950s drought were to recur. During the roughly 10 year
drought period, the reservoir would not be able to provide water for a total of 146 days spread
across three separate periods. Thus, were seepage not addressed, the reservoir would not be
able to meet the City’s water demand during drought of record conditions. When the current
seepage rate is not included in models, the reservoir can yield 1.44 MGD over the 10 years;
however, there are several periods where the reservoir nears insufficient water supply
conditions. For a total of 300 days the surface of the reservoir is less than 3 feet above
minimum operational elevation; on 14 of those days the surface of the reservoir is less than 0.5
feet above minimum operational elevation.
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Introduction

Sugar Creek Lake is a 333-acre reservoir with a drainage area of 11 square miles and is the sole
source of water for the City of Moberly (Figure 1). A 2005 study of Sugar Creek Lake (Edwards,
Chen, & Mclntosh, 2005) determined that the reservoir would not be able to meet the City’s
water demand should conditions similar to the drought of record (1951-1960) recur. In 2018,
City of Moberly water managers requested an update to the 2005 study to determine Sugar
Creek Lake’s available yield for water supply planning purposes.

Surface Water Supplies in Missouri

Most surface water supplies in Missouri are located north of the Missouri River in areas of
glacial till. Groundwater resources in this region are poor due to high mineral content and
insufficient pumping yields.

Following the 1999-2000 drought, the Missouri Department of Natural Resources prepared an
analysis of 44 communities’ water systems. Included were 40 drinking water reservoirs and four
systems that utilize streams as their main water supply source. The study analyzed reservoir
storage volumes and water demand against drought of record conditions in Missouri and found
that many communities would need supplemental inflows to maintain water service to
customers should a similar drought occur (Edwards, Chen, & Mcintosh, 2005).

Hydrologic Setting

Mean annual precipitation in Missouri varies from a low of 34 inches in northwest Missouri to a
high of 50 inches in the southeast. The City of Moberly of Randolph County, Missouri is
approximately two miles south of Sugar Creek Lake and receives an average of 43 inches of
rainfall each year. Between 1936 and 2019 the area had a historical high of 65 inches of
precipitation in 2008 and a historical low of 22 inches in 1988 (Midwestern Regional Climate
Center, 2019). Sugar Creek Lake, the primary water source for the City of Moberly, has a
drainage area of 11.05 square miles and is fed by Sugar Creek and a few small, unnamed
tributaries. Discharges from Sugar Creek Lake flow into the East Fork Chariton River
approximately 4.6 miles downstream from the dam. Reservoir levels are manually monitored
with a staff gage located on the adjustable intake in the southeast corner of the reservoir
(Figure 2).
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September of 2018. Contours are at 2-foot intervals.

111




WS #6.
FIRM YIELD ASSESSMENT: SUGAR CREEK LAKE

The City of Moberly serves a population of approximately 12,174 with an annual water demand
of 1.15 million gallons per day according to the 2019 Census of Missouri Public Water Systems
(Missouri Department of Natural Resources, 2019). The City of Moberly’s water demand has
gradually decreased from 2.4 MGD to 1.1 MGD since 1987 (Figure 3) likely due to the loss of
customers and improvements in water efficient appliances and fixtures. For example, the City
of Moberly supplied water to a public water district until 1992. In 1992 the City stopped
supplying water to that district, decreasing its water demand. From 1992 to 2017, the City’s 26-
year average water demand was 1.33 million gallons per day (MGD).
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Figure 3. The City of Moberly's water use has declined since 1987 likely due to the loss of water customers and
improvements in water efficient appliances and fixtures.
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Methods

The USGS bathymetric survey of Sugar Creek Lake was conducted using a multi-beam echo
sounder from September 4-6, 2018. Areas of the reservoir too shallow to be surveyed by boat
were either supplemented with LIDAR data or interpolated from the 2003 bathymetric survey
(Richards & Huizinga, 2019).

The bathymetric survey was not only instrumental in understanding the current volume of the
reservoir but also in understanding the impact of sedimentation on water supply intakes. The
City has two intakes: an adjustable intake that could withdraw water between elevations
752.28 and 729.78 feet, and a lower, fixed intake set at 717.78 feet. The intakes are located in
the southeast corner of the reservoir, near the dam. The bathymetric survey showed sufficient
sedimentation in the area of the reservoir near the intakes to render the lower, fixed intake
unusable without removing the sediment. Therefore, with the concurrence of City water
operators, the effective minimum operational elevation for this study is 729.78 feet.

Data from the area-capacity table (Table 1) generated from the USGS bathymetric data was
used to perform a yield analysis using Reservoir System Simulation (HEC-ResSim). HEC-ResSim is
a simulation program developed by the US Army Corps of Engineers, Institute for Water
Resources, Hydrologic Engineering Center. HEC-ResSim is a tool with the capability to model
large complex reservoir systems as well as small, relatively simple systems (HEC-ResSim, 2019).
Once a model is created in HEC-ResSim, operational conditions can be defined and simulations
run to study how systems will react in different scenarios. In this situation HEC-ResSim was
utilized to simulate drought conditions.
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Sugar Creek Lake Area-Capacity

Elevation (feet)

Storage (acre-feet)

Area (acre)

Notes

716.46 0 0 | Lowest elevation in reservoir
718 0.4 1.5
720 18.0 18.2
721 44.5 35.0
722 86.3 48.3
724 211 77.5
726 393 104
728 627 129
729 762 142 | Minimum Operational Storage Elevation
730 910 155
732 1245 181
734 1631 206
736 2065 227
738 2536 243
740 3036 257
742 3566 275
744 4133 291
746 4746 326
746.8 5010 333 | Spillway Elevation

Table 1. Reservoir elevations and respective surface areas and volumes. Approximate elevation of
spillway structure is 746.8 feet. Elevations referenced to North American Vertical Datum 1988
(NAVD 88). Note: Volumes calculated from surface testing 0.91 feet vertical accuracy at 95 percent

confidence level

Inflow Data

The Sugar Creek Lake watershed lacks the necessary instrumentation to directly determine the
volume of water flowing into the reservoir. Therefore, it was necessary to obtain streamflow
data from a watershed of similar soil type and topography. The U.S. Geological Survey (USGS)
operates a streamgage on Moniteau Creek near Fayette, MO (USGS 06909500). Observations

from this gage were used during the 2005 study and were again used in this analysis. The
drainage area for the streamgage’s location is 75.1 square miles which is considerably larger
than the 11 square mile drainage area of Sugar Creek Lake. To account for the difference in
drainage area, the runoff data for USGS 06909500 was proportionately reduced to apply to
Sugar Creek Lake’s watershed.

Example: On March 5, 1948 the mean runoff recorded at USGS 06909500 was 38 cubic feet per
second (cfs). The model input data for Sugar Creek was therefore 5.7 cfs (38 cfs x 0.15 = 5.7 cfs).

Seepage

Sugar Creek Lake Dam is a regulated dam (M0O10005) and has a history of a seepage issues first
documented in 1979 when Burns & McDonnell conducted a dam inspection. Based on the Dam

Inspection Report, Sugar Creek Lake Dam was found to have seepage issues in the east and

7
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west abutments. Burns & McDonnell recommend a grouting program to alleviate the situation
(Burns & McDonnell, 1979). In 1983, the Land Reclamation Commission requested that the
MoDNR conduct an inspection focusing on the impacts of mining operations in the area.
Despite grouting programs carried out as suggested in the 1979 Burns & McDonnell inspection,
MoDNR found that there was still a seepage issue in one of the abutments (Howe, 1983).

For this study City of Moberly provided numbers quantifying the seepage flow rate at varies
reservoir elevations. It is estimate that there is a seepage rate of 720 gallons per minute (GPM)
when the reservoir is at full pool (elevation of 746.8 feet) and a seepage rate of 150 gpm when
the reservoir is 25 inches below full pool (elevation 744.72 feet). The information provided was
plotted on a scatter plot and a line of best fit was assigned to the data. Points generated from
the line of best fit were entered into the simulation program where it interpolated a
relationship between seepage flow rate and elevation.

Evaporation

Monthly pan evaporation rates recorded at the Lakeside gage near Lake of the Ozarks from
1951 to 1960 were used to estimate the evaporation While Lakeside gage had the most
extensive data points for evaporation during the drought of record there were two locations
closer to Sugar Creek Lake. When values were available from Columbia, Missouri or New
Franklin, Missouri the Lakeside data was replaced. The pan values were multiplied by 0.76 to
convert from pan evaporation to lake evaporation. Monthly averages were calculated for the
10 year period and the following values were used in the simulation:

Month Evaporation (inches)
JANUAIY i e e e e e et e e e e e aaeaaaas 0.75
=Y T TSRS 1.41
1Y/ =T ol R 2.26
LYo o | TSP 3.95
Y SN 4.84
JUD B e e e et e e e e e e a e 5.47
JUIY e e e e e e e e e e e s e rraaeaeeeaan 6.03
T = U N 5.40
Y] o1 <] 1 4] 1= ST RUURRRR SR 4.48
(0 Lot o] o<1 (R UUURTRR SR 3.05
N o1V 7< 01 o T=T SRR 1.81
D T=Tol<] 0 o1 o =T (U UU PP 0.91

Table 2. Evaporation Table. Average monthly values from 1951 to 1960.
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Scenario Analyses

Two scenarios were modeled using HEC-ResSim to determine if the reservoir has sufficient yield
to meet current water demands under drought of record conditions. The first scenario analyzed
current demand and yield without seepage. Current demand was considered to be 1.33 million
gallons per day (MGD) which is the 25-year average of recorded water demand between 1993
and 2017. The demand was then applied to the drought of the 1950s to determine the available
yield. Seepage was accounted for in the second scenario with the same demand and drought
parameters as the first scenario.

The scenarios represent two categories of demand and yield: without seepage and with
seepage. Without seepage demand is defined as the amount of water the community requires
in order to meet water demands. Yield is how much water can be withdrawn from the reservoir
before the water surface reaches the minimum operational elevation. In scenario 2, when
seepage is included, the

definitions of demand and Demand -

yield change. With seepage A Zﬁiﬁfﬁ!ﬁa?éﬁ?“

demand is defined as the 133 MED

amount of water the ’ e
community requires plus the Inflow— cugar Creek Amount of water that
maximum amount of water ater entering Reservoir e s
that could be lost to seepage. on the elevation of the
Yield has the same definition ke

as before, however, the \

amount available to be Seepage —

withdrawn will be less in this :’:f:i”gfg‘:ﬂ";i;’;;f:fg‘f"r

scenario because the reservoir abutments. A function of the

surface elevation will be lower amount efwater n the lake

due to seepage outflow.
Figure 4. Schematic of water balance for Sugar Creek Lake.
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Results
Current Demand 1.33 MGD
Current Demand With Seepage 2.58 MGD
Yield 1.44 MGD
Yield With Seepage 1.17 MGD

Table 3. Results from the HEC-ResSim models

Scenario 1 - No Seepage

Scenario 1 model results indicate that Sugar Creek Lake, with a demand of 1.33 MGD, could
yield 1.44 MGD over 10 years as shown in Figure 6. Under these conditions there would be
sufficient yield to meet demand during an extended drought. However, there was a period of
time in which the reservoir nears insufficient water supply conditions. For a total of 300 days
out of 3,560 days the reservoir was less than 3 feet above operational elevation and less than
0.5 feet above operational elevation for 14 days (Figure 8).

Scenario 2 - Seepage

Scenario 2 models conditions over the same period as Scenario 1 with the inclusion of seepage.
Under this scenario, Sugar Creek Lake would yield 1.17 MGD (Table 3) when applying the
current demand of 2.58 MGD (demand + seepage). The results indicate the yield is insufficient
to meet the current demand resulting in three periods of supply deficiency (Table 4).

November 24, 1954
41 Days 1.37
Period 1
ero January 4, 1955 et
' February 12, 1955 0.10
Period 2 3 Days Months
February 15, 1955
_ December 13, 1956 3.40
Period 3 102 Days Months
March 25, 1957

Table 4. Periods of deficiency. Where yield was insufficient to meet demand during Scenario 2 - With Seepage
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Sedimentation

The effects of sedimentation on reservoir volume were calculated by comparing the results of
the two bathymetric surveys conducted in 2003 and 2018. The difference in the elevations of
the reservoir bottoms between surveys represents sediment depth. There has been sediment
deposition of 1 to 1.5 feet throughout the reservoir (Figure 9). Storage-elevation curves were
calculated from both surveys. Figure 10 shows that sedimentation has resulted in a 240 acre-
foot reduction in water storage volume at full pool over 15 years, representing a decrease of
4.6%.

To better understand the impacts of the sedimentation noted from 2003 to 2015 in Sugar Creek
Lake, a simulation was run using the storage curves from 2003, 2018, and 2033. The 2033
storage curve was generated assuming the 4.6% loss in storage from 2003 to 2018 would occur
in the next 15 years. The storage curves can be seen in Figure 8. As the focus of this analysis
was to see the impact from sedimentation on yield assuming seepage was still occurring the
only factor changed from simulation to simulation was the storage curve. The results shown in
Tables 5-7. Over 30 years the sedimentation increased the number of insufficient yield days by
12 days.

2003 - Storage of 5250 ac-ft 2018 - Storage of 5010 ac-ft 2033 - Storage of 4781 ac-ft

30-Nov-1955 24-Nov-1954 SR
Period 1 49 Days |1.63 Months
Period 1 35 Days |1.17 Months Period 1 41 Days |1.37 Months 4-Jan-1955
4-Jan-1955 4-Jan-1955
5-Feb-1955
Period 2 1Day |0.03 Months
13-Feb-1955 12-Feb-1955 6-Feb-1955
Period 2 2 Days |[0.07 Months Period 2 3 Days [0.10 Months
15-Feb-1955 15-Feb-1955 SHR-IERE
Period 3 6 Days |0.20 Months
15-Feb-1955
9-Dec-1956 13-Dec-1956
Period 3 106 Days [3.53 Months| | Period 3 102 Days |3.40 Months 16-Dec-1956
Period 4 99 Days |3.30 Months
25-Mar-1957 25-Mar-1957 25-Mar-1957
Total Days of Insufficient Yield 143 Total Days of Insufficient Yield 146 Total Days of Insufficient Yield 155
Total Days of Simulation Period 3560 Total Days of Simulation Period 3560 Total Days of Simulation Period 3560

Tables 5-7. The series of tables show the periods of yield for 2003, 2018 , and 2033. Each year assumes 1.33 MGD of demand
with seepage factored in. The total storage for each year is listed in the table header.
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FIRM YIELD ASSESSMENT: SUGAR CREEK LAKE

RESERVOIR STORAGE

750

745

740

735

730

ELEVATION (FT)

725

720

715
1951 1952 1953 1954 1955 1956 1957 1958 1959 1960

TIME (YEARS)

Yield

Current Demand with Seepage Yield with Seepage

Conservation Elevation (746.8 ft) = = = = Minimum Operational Elevation (729.8 ft)
— . — Lake Bottom Elevation (716.0 ft)

Current demand

Figure 5. Reservoir Surface Elevation from Scenarios 1 and 2. HEC-ResSim results from 1951-1960, the drought of record
period. The elevations of the bottom of the reservoir, the minimum operational level, and the conservation level are
marked. The blue lines represent Scenario 1 — Without Seepage and the orange lines represent Scenario 2 — With Seepage.
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FIRM YIELD ASSESSMENT: SUGAR CREEK LAKE

SCENARIO 1: WITHOUT SEEPAGE

750
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TIME (YEARS)

Current demand Yield
Conservation Elevation (746.8 ft) = = = = Minimum Operational Elevation (729.8 ft)
= . Lake Bottom Elevation (716.0 ft)

Figure 6. Scenario 1 — Without Seepage HEC-ResSim Results. Results from 1951-1960, the drought of record period. The

elevations

of the bottom of the reservoir, the minimum operational level, and the conservation level are marked. The dark

blue line represents the demand and the light blue line represents the yield.
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FIRM YIELD ASSESSMENT: SUGAR CREEK LAKE

SCENARIO 2: WITH SEEPAGE
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