
CITY OF KINGMAN 
MUNICIPAL UTILITY COMMISSION 

 Council Chambers  
  310 N. 4th Street 

5:30 p.m. AGENDA    Thursday, March 24, 2016 

REGULAR MEETING 
________________________________________________________________ 

COMMISSION MEMBERS: Chairman Allen Burgett, Vice Chairman Mike Van Zandt, 
 Toby Orr, Aline Parker, Paul Shuffler, Marvin Yarbrough 
 Pat Yarush  

    COUNCIL LIAISON: Mayor Richard Anderson 

CALL TO ORDER AND ROLL CALL 

APPROVAL OF MINUTES 

The Regular Meeting Minutes of February 25, 2016. 

1. PAST COUNCIL ACTION:

None

2. OLD BUSINESS: (for review, comment and/or action)

a) Review of Water and Wastewater Report including Financial Condition, Cash Reserves and
Five Year Capital/Infrastructure Improvements Plan; MUC Recommendation to Council for
Use of Funds or Rate Modifications.

3. NEW BUSINESS:  (for review, comment and/or action)

a) Review and Recommendation of Request for Variance of Sewer Extension Requirements for
569 Anson Smith Road (305-14-010D), by applicants Gene & Jennifer Chambers.

b) Review and Recommendation of Request for Variance of Sewer Extension Requirements for
Parcel Numbers 311-20-032, 311-20-033 & 311-20-036, by applicant Mohave Land
Holdings, agents Doug Angle and Bob Albrecht.

c) Presentation of Sewer Master Plan Study, ENG14-112

d) Presentation of Reclaimed Water, ENG15-047

4. CONSIDERATION & DISCUSSION OF PUBLIC COMMENTS

Those wishing to address the Commission need not request permission in advance.  Action taken as a result 
of public comment will be limited to directing staff to study the matter or rescheduling the matter for further 
consideration and decision at a later date, pursuant to A.R.S. 38.431 et al. 

5. COMMISSIONER’S COMMENTS

Limited to announcements, availability/attendance at conferences and seminars, requests for agenda items for
future meetings and requests for reports from staff.



ADJOURNMENT 

ANYONE REQUIRING SPECIAL ASSISTANCE AND/OR ACCOMMODATIONS AT THE PUBLIC 
MEETING SHOULD CONTACT THE CITY ENGINEERING DEPARTMENT AT 928-753-8122 AT 
LEAST 24 HOURS IN ADVANCE, SO THAT APPROPRIATE ARRANGEMENTS CAN BE MADE 

Posted- Date/Time/Initials _______________________________________________________ 



 

CITY OF KINGMAN 
MUNICIPAL UTILITY COMMISSION MEETING 

Council Chambers 
310 N. 4th Street 

___________________________________________________________________ 
  

5:30 p.m. Minutes Thursday, February 25, 2016 

 

Commissioners Staff Present Visitors Signed in 

Allen Burgett, Chairman Greg Henry, City Engineer Susan Gilbert 

Mike Van Zandt, Vice Chairman Tina Moline, Finance Director Harley Pettit 

Toby Orr Rob Owen, Public Works Director  

Aline Parker-Excused Kathy Lind, Recording Secretary  

Paul Shuffler Melody Stewart, Recording Secretary  

Marvin Yarbrough-Absent   

Pat Yarush    

Council Liaison Anderson   

 

REGULAR MEETING 
 

CALL TO ORDER AND ROLL CALL 
 
Chairman Burgett called the meeting to order at 5:30 p.m. with five Commissioners present at 
time of roll call.   
 
APPROVAL OF THE MINUTES 
 
Commissioner Yarush made a MOTION to APPROVE the minutes from the January 28, 2016 
meeting.  Commissioner Shuffler SECOND the MOTION and it was APPROVED by a vote of 5-0 
 
1. PAST COUNCIL ACTION: 

 
None 

 
2. OLD BUSINESS:  (for review, comment and/or action) 
 
 None 
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3. NEW BUISNESS: (for review, comment and/or action) 
 
a. Review of Water and Wastewater Report including Financial Condition, Cash Reserves and 
Five Year Capital/Infrastructure Improvement Plans; MUC Recommendation to Council for 
Use of Funds or Rate Modifications. 
 
Finance Director Tina Moline stated she would be providing water and wastewater audited 
financial statements, including the revenue and operating  expenses, the 5-Year proposed 
capital improvements plan and an overall discussion of the customer rate burden, desired 
collection system expansion and water system improvements. After the review and discussion a 
recommendation to the City Council is requested.  
 
Ms. Moline began by providing background information on the water and wastewater systems. 
The water system serves 19,050 and the wastewater system serves 9,700 customers. The water 
and wastewater utilities are operated as enterprise funds, which are effectively separate 
business units.  
 
The sources of revenue for the water fund are water sales and water meter connection fees.  
The wastewater fund revenues are the wastewater charges and sewer investment fees. Over 
the past 8-9 years the rate structure changed to a tiered structure. 
 
Ms. Moline explained water rates are comprised of a base rate, capital renewal fee and a 
consumption charge. Consumption charges are based on a tiered rate depending on the 
quantity of water used in each tier.  There are different rates for customers inside the City limits 
vs. outside the City limits. Water connection fees are determined by the size of the meter 
connected to the system. Most residential customers use a 5/8” x 3/4” meter which cost 
around $2,500 plus tax for customers inside the City limits and $2,625 plus tax for customers 
outside the City limits. When meter size increases charges increase as well. 
 
Ms. Moline stated wastewater rates are comprised of a base rate, capital renewal fee and a 
monthly sewer user charge.  Last year this Commission recommended and Council approved 
implementing $1.00 of the base rate to be dedicated as a Capital Renewal fee, which is why 
there is now a Capital Renewal Fund.  Sewer user charges are computed based on actual 
monthly metered volume of water used and the expected wastewater strength rate. Winter 
quarter averaging is used for residential sewer user based on the actual monthly metered 
volume of water used during the months of December, January and February with that average 
becoming the sewer usage for the next 9 months. She explained that the only time this does 
not apply is if the customer has a lower consumption. Sewer investment fees are charged to 
new users connecting to the system at $91.00 per drainage fixture unit connecting to the sewer 
system. 
 
Ms. Moline gave an overview of the Water Fund Financial condition for Fiscal Year 2015. Water 
usage continues to decline, resulting in a $340,000 reduction in revenues. Mohave County 
Water Authority Trust fees have decreased by around $500,000, varies year to year.  The Water 
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Meter Connection fees have increased, offsetting the decreased in revenues by about 
$700,000. The fund has a net income of about $1.2 million.  City policy states that the 
enterprise fund reserve should have about 45-180 days of operating expenses for any revenue 
shortfalls or unexpected expenses. Ms. Moline is conservative and prefers to use the 180 days 
of reserve to keep on hand, which is around $2.8 million. After that $2.8 million is set aside, the 
available fund balance would be $19 million at the end of Fiscal year 2015 in cash balances.  
Fiscal year 2016-2021 Capital Improvement program totals $23 million, leaving $4 million of 
Capital Improvement Projects unfunded. 
 
Commissioner Orr asked if water usage is still declining even with the city growth. 
 
Ms. Moline stated that water usage continues to decline due to conservation, which is partially 
a result of the high sewer rates. 
 
Ms. Moline went on to review the Water Capital Improvement Projects for 2016-2021. Some of 
the funded projects include; $10 million dollars for the Automated Meter Reading Project, $1.9 
Million for the East Bench 16” Transmission as well as many other projects in the pipeline that 
are considered important projects to be completed.  There have been discussions about using 
the cash balance for system expansions, economic development and securing future water 
resources.   In 2013 water customers received a $2.00 reduction in the base rate decreasing 
revenues by $450,000, which is a $1.3 million dollar decrease in revenues to date. 
Consideration of any reduction in the water fund would impact the funding of the future Capital 
Improvement Projects. 
 
Ms. Moline moved on to reviewing the Wastewater Fund.  The Hilltop Wastewater Treatment 
Plant was expanded and upgraded in 2011 and the Downtown Wastewater Treatment plant in 
2012. The cost to upgrade and expand the Hilltop plant was $33.7 million and the Downtown 
Treatment Plan was over $16 million dollars but we were only required to pay back $14.4 
million, a $2 million dollar benefit. Additional infrastructure replacement and/or upgrades are 
needed such as; the Downtown Sewer Outfall Line at a cost of $8.8 million.  There are also 
operational costs that continue to increase.  Wastewater rate adjustments have been necessary 
to ensure compliance with lending requirements and to meet cash flow needs due to the 
decline in the economy and diminished new construction during 2008-2013.  Our sewer 
investment fees decreased and did not meet the projection that we had hoped when the 
treatment plants were built, so in order to meet our debt service payments rates had to be 
increased.  
 
Ms. Moline went on to review the Wastewater Financial Condition. To determine the 
wastewater financial condition the following was presented for review; FY15 unaudited 
financial Statements, FY16 estimated revenues and expenses, FY17 projected revenues and 
expenses and FY17-FY21 funds available for CIP program.  From FY17-FY21 there are about $18 
million dollars in CIP Programs. There are many projects in the sewer CIP program that staff has 
put together for the next five years. Excluded from the list of projects is the reclaimed water 
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project that staff has not received direction on how to proceed.  This could be a $10 million 
dollar project that is not included in this report. 
 
In FY15 unaudited financial statement there was a slight decrease of $200,000 in revenues from 
FY14 as a result of continued decrease in sewer investment fees. Capital expenditures increased 
by $400,000 and an unaudited net income of $2.5 million.  The fund balance at year end is 
$10,082,012 and in addition a repair and replacement reserve of $1 million and a debt service 
reserve of $3.6 million.  The debt service reserve cannot be spent on operating expenditures 
until the loan has been paid in full so there is only the 10 million available to use. 
 
FY16 revenues will be about the same as 2015. Capital expenditures will increase by $1.2 
million dollars leaving an estimated net income of $2.0 million dollars.  The City policy is to set 
aside 45-180 days of operating expenses, about $3.0 million dollars.  The estimated available 
fund balance at the end of FY16 after the reserve is $8.3 million dollars. 
 
FY17 is projected to have increased revenues by about 2%, which are $8.9 million which is a 
slight increase over FY16.  It is estimated to have a net income of $2.6 million dollars. The FY17 
CIP Programs are estimated at $2.4 million dollars, so the available fund balance would 
decrease to $7.7 million dollars.    
 
Ms. Moline began review of the loan requirements.  One of the loan requirements is called a 
debt service ratio calculation which requires that the net income must cover the highest debt 
service payment by 1.2 times; the annual debt service payment, is about $3.6 million dollars.  
There is also the reserve requirement that must be met. There is an annual funding of the 
repair and replacement reserve and a debt service reserve which is $778,000 dollars that is set 
aside in those special funds that cannot be touched. The operating reserve is about $3.0 million 
dollars. When we review the use of fund balances there are discussions around the four 
different areas of what we should spend the monies on.  Funding the 5 year CIP Program is a 
very important one, increasing wastewater customer connections to spread the burden of the 
rate among the capacity we have at the plant, the appropriate level of user rates, and economic 
and environmental impacts.  Our sewer rates are currently one of the highest in the state.  So, 
rather than fund the CIP program or connect new users we can consider a rate reduction. There 
are four different options presented.  There is a 25% reduction to residential base charge and 
user rates, a $2.00 reduction in all users’ base charges, a $1.00 reduction in base rate and a 5% 
reduction in usage rates and a $3.75 one-time credit each year allocated to users on a monthly 
basis. A thing to keep in mind is there are critical projects in the CIP Program; our loan coverage 
ratio needs to exceed 1.5. There is a repair and replace reserve that must be funded and also 
the 180 day reserve policy.   
 
The WIFA board is in the process of reviewing our request for the restructuring of our current 
loan and one of the stipulations of that loan is that we exceed the 1.5 loan coverage calculation.  
In FY16-17 the plan is to exceed that loan requirement. The restructuring of the loan will 
decrease the annual debt service payment by about $350,000 and City Council has discussed 
using that savings to give back to the users of the system, which is not projected in the options 
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presented. The dollar amounts projected are the full dollar amount of our debt service 
payments. 
 
Ms. Moline went on to review the sewer options attachment and how it will impact the sewer 
fund.  There are five different options presented, the first one is a projection for FY17 which 
shows the current rates and each of the options with 25% reductions on residential water rates, 
reduction to everyone’s base charge, the reduction to base charge and user rates  and a one-
time credit of $.3.75.  On the total operating revenue there is a reduction; option 1 decreases 
revenues by $1.2 million, option 2 decreases revenues by a couple of hundred thousand dollars, 
option 3 by a few hundred thousand and option 4 by about $400,000.  Further down on the 
attachment it shows what the net operating income would be for each option. If we kept the 
rates the way they are now we would end up with 2.6 million in net operating income. Option 1 
is almost a 50% decrease in operating income and option 2, 3, 4 decreased $200,000-$450,000. 
Also included on the attachment is the estimated coverage ratio which we must meet the 1.5 if 
the board approves the loan reconstruction. In most all scenarios presented we meet the 1.5 
ratio requirement, other than option 1.  The next section provides an analysis of funding for the 
next five years of Capital Improvement Projects and shows what the fund balance would be 
using the projections from FY17.  The first column has an estimated beginning fund balance of 
$8.3 million and after funding CIP programs and the $778,000 replacement extension provision 
it gives us an estimate ending fund balance of $7.7 million.  As we look at FY18 and FY19 it 
quickly depletes and by FY20 there would only be about $604,000 left in the fund balance, 
meaning in FY21 we would not be able to fund those projects. 
 
Commissioner Shuffler stated that to stay out of the red we either have to do less Capital 
Improvements or charge more money. 
 
Ms. Moline said that the goal is to get more users. We need to fund these CIP programs but it’s 
difficult to get the money to be able to fund all of those years.  The water fund is a healthy fund 
and we still end up with under funding by about $4 million.  We don’t want to sell ourselves 
short and provide a reduction in rate and then only be able to fund three years of the projects 
or take projects out of the pipeline. The goal is to have the cash on hand to pay for these 
projects. There are other ways to fund these projects by issuing more debt. Currently, there is 
not enough cash to fund the 5-year Capital Improvement Project. 
 
Commissioner Shuffler asked if there are any outside funding and other capital funding that 
staff or City Council is looking at that might impact these numbers; like funding for sewer 
improvements for Kingman Crossing and the other side of town. 
 
Ms. Moline stated that there haven’t been any conversations about borrowing money for 
Kingman Crossing.   
 
Commissioner Shuffler asked if these CIP programs presented are what staff is looking at right 
now? 
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Public Works Director, Rob Owen stated the Sewer Master Plan is currently going through an 
update and would identify capacity issues in the future and some of those projects could end 
up on the east side of town.  
 
Chairman Burgett asked if we have received any new plans or new residential developments 
that would need wastewater connection. 
 
City Engineer Henry said there are some preliminary talks but most are platted subdivisions that 
were shelfed due to the economy that are now coming back to life. 
 
Commissioner Yarush said based on the options presented, it looks like an across the board   
rate reduction is not going to be healthy in the long run without increasing the customer base.   
Could we offer incentives to new customer, for example; as in option 1, existing sewer 
customers would receive a 25% reduction and potential new sewer customers would have an 
estimated time period to connect to receive the 25% reductions, similar to how we waive the 
DFU’s for customers connecting within one year of the sewer line extension to create an 
incentive to connect sooner and broaden the base. 
 
Ms. Moline said that’s a great idea and is certainly another option that can be looked at. 
 
Commissioner Yarush said he thinks providing incentives to motivate people to connect will be 
better in the long run for the City.    
 
Ms. Moline confirms with Commissioner Yarush that his suggestion is to give some sort of 
discount to existing customers and then provide some sort of incentive to new customers.   
 
Commissioner Yarush responded that if they don’t connect within a certain time period they 
won’t get that 25% reduction. The customers that are now paying that additional amount to 
compensate for people that aren’t connected will receive some relief. It’s a gamble but we are 
trying to generate more customers and broaden the base. There have also been previous 
discussions on a sewer availability fee. If there’s a lateral or a sewer  line available in front of a 
property that property owner could help absorb some of the cost by paying that sewer 
availability fee and lightning the load for existing customers. 
 
Commissioner Shuffler said he would personally like to see development on the other side of 
town. There are 3- 12” lines there that all dump into each other and wants to know what 
capacity is left in that system for future development in that area. 
 
Public Works Director, Rob Owen said that the line in Airway is near capacity so any 
development in that area is limited without a new trunk line. 
 
Mr. Shuffler asked about the new overlay that we have.  Have any estimates been done as far 
as getting the main trunk over there and let the developments pay for it , whatever it takes to 
tie in. 
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City Engineer Henry said the Sewer Master plan does size the lines for the anticipated 
developments and there are estimates for that.  That report should be finalized in the next 
couple of weeks and will bring a presentation to the next MUC meeting. 
 
Commissioner Shuffler thinks that needs to be looked at on the CIP and maybe bump some of 
the other items. 
 
Mr. Henry said whether the City pays to get the trunk line to the development or the developer 
pays needs to be answered. 
 
PW Director Owen said the possibility of the City’s participation to upsize some of those lines 
would be required.  The Developers are required to run an 8” line to service their development 
but if we know in the future we will need a 12” or 16” line there have been cases where the City 
has participated in upsizing the lines for future capacity. 
 
Commissioner Orr wanted to know when the $3.6 million dollar debt would be paid off and if 
we can accelerate the payoff of that loan. 
 
Ms. Moline responded that the loan will be paid off in 2028.  The lender will not allow us to pre-
pay anything on the loan for up to 10 years.    
 
Ms. Moline continued, In conclusion, construction of infrastructure with additional capacity to 
support growth, necessary replacement and repair of infrastructure, and ongoing operations 
and maintenance all require adequate financial resources with the water and wastewater 
enterprise funds.  Established rate structures and sound financial condition of the City’s utility 
systems are necessary to assure loan compliance, continual infrastructure improvements, and 
maintenance and operation of the utility systems in order to provide adequate, safe and 
reliable utility services. Ms. Moline state that she was hoping for some type of recommendation 
to take to Council tonight but can come back next meeting with other options with what the 
impacts might be. 
 
Commissioner Yarush said that there’s a lot of maintenance that needs to be done on the line 
down in the canyon and flood plain and fixing or replacing the outfall line.  What’s the plan for 
the re-design needed to get it out of the flood plain or are we using a similar design? 
 
Mr., Henry responded, that it would come out of the flood plan and require a couple of lift 
stations to lift it up and construction of a new gravity line along the Old Trails alignment.  The 
problem with the Downtown plant is there is a large box culvert that crosses the wash to get it 
to the plant.  At some point we will bring that study to this commission. 
 
Mayor Anderson commented that the City Council approved the last rate increase in 2012. At 
that time there were 9,030 customers and at the end of 2015 there were 9,700; which is about 
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a 2-2.5% growth.  There are a number of studies that Public Works has been doing in terms of 
efficiency increases in their operations.   
 
Chairman Burgett asked if the options presented are the same as last year and what option was 
suggested last year. 
 
Ms. Moline responded that Option 4 was suggested last year. Each year would be reassessed so 
we’re not tied to certain dollars, it’s based on the net income that year and the CIP programs 
for 5 years. 
 
Mr. Burgett said some of the CIP programs seem to get pushed aside because the money isn’t 
there. Are there any CIP programs on the 5-year plan that staff are concerned about if 
development picks up. 
 
PW Director, Owen responded that the one project of concern is the influent/infiltration 
project. There are 46 manholes identified that need to be rebuilt.  There are serious issues at 
the Downtown Treatment Plant. During monsoon storms there is a lot of drainage run-off 
infiltration being treated in the sewer system and we are doing everything possible from 
discharging into the wash. The Downtown Outfall line is also a very important project; if not 
replaced or repaired it could be a major violation of sewer overflow to the wash. 
 
Chairman Burgett said it looks like it’s not in actual construction until FY19. 
 
Mr. Henry added that it’s likely that the project will be a multiple phase project.  There will be a 
considerable amount of design time, possible ROW acquisitions and then construction, which 
will likely be phased over several years. 
 
Chairman Burgett asked Ms. Moline if she needed a decision tonight or can we come back next 
month to give us more time to look at the option talked about. 
 
Ms. Moline responded that she can bring it back next month with the different options 
requested.  The reason she was looking for a recommendation now was there is a City Council 
work session on March 14th.  The actual budget work session is not until May so would like a 
recommendation to Council by the second meeting in April. 
 
Commission Orr wanted to know how many sewer taps are outside the City limits? 
 
Ms. Moline said there are about 1000 existing sewers customers outside the City. There are 
currently 19,000 water customers and only 9,700 are on sewer.  That’s a pretty big difference; 
these could serve another 9,000 potential customers. 
 
Commissioner Yarush asked Ms. Moline if she could elaborate on how many more existing 
customer we will need 5 years down the road.  Rather than discounting the rates of existing 
customers and creating more of a deficit, we should provide incentives to new customers 
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connecting.  It will create more of a customer base with current customers knowing that in 4-5 
years down there will be looking a rate reduction across the board due to the expansion.   
 
Ms. Moline said those would be hard numbers to put together but can provide how many 
customers will be needed to break even. 
 
Mr. Henry said before putting those numbers together we should check with the attorney to 
make sure the incentives would be legal. 
 
Commissioner Yarush said generating more connections should be the main focus.  If you go 
through areas in Butler and request “mandatory connections” how many people are really 
going to respond or just can’t afford it. 
 
Mr. Henry said in most cases the sewer is not there to have a mandatory connection so there’s 
cost associated with extending it. The Sewer Master Plan looks at certain areas and what size 
line it needs to serve a certain area.  It doesn’t look at all the individual extension. 
 
Commissioner Yarush said our primary focus should be to make it as inexpensive as possible for 
a new customer to get connected and then there would be a consistent income to the overall 
base.  We want to concentrate on where it is going to do the most good and people are actually 
going to connect. 
 
Chairman Burgett wants a motion to postpone the decision to make a recommendation to 
council at our meeting next month so staff can comeback with numbers on the options 
discussed tonight.   Commissioner Orr made a MOTION to postpone discussion until next 
meeting for further information from staff, Commissioner Yarush SECOND the MOTION and it 
was APPROVED by a vote of 5-0 
              

 
4. CONSIDERATION & DISCUSSION OF PUBLIC COMMENTS 
 
Mr. Harley Pettit wanted this Commission to know that the City of Bullhead has a current 
working model to bring in new sewer customers. They notify customers by section giving them 
two year notice to connect.  They also offer a finance program giving the customer the option 
to pay in full or finance with a finance penalty.  Mr. Pettit feels that if you want more people to 
hook-up you have to look at it as an investment, not an expense  
 
The next thing is to establish a rate so one person isn’t paying $5,000 and another paying 
$40,000. Make the investment and pro-rate with everyone involved so everyone pays the same, 
just like we do for curb and sidewalks.  The City of Bullhead has a 20 year finance program that 
is doing so well that after 15 years they forgave the pre-pay penalty.  
 
Mr. Pettit feels we should use our Capital money to get the rest of the sewer lines in and use 
the City of Bullheads working model as an approach to the City of Kingman’s current situation. 
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He will ask the City of Bullhead how this finance program worked and where the money came 
from and get back to City staff with what he finds. 
 
Next, Susan Gilbert addressed the Commission. She feels that it’s a good idea to make sure 
there is enough money to fund  Capital Improvement projects because if you need to get a loan 
to fund things that may not be anticipated it will cost more due to the interest. She also had 
some questions regarding Finance Director Moline’s presentation, specifically attachment E, 
which she will address with staff after the meeting. 
 

 
5. COMMISSIONER’S COMMENTS 
 
  There were no comments 
 
 

ADJOURNMENT 
 

Commissioner Yarush made a MOTION to adjourn at 6:33 p.m. SECOND by 
Commissioner Shuffler and it was APPROVED by a vote of 5-0. 
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CITY OF KINGMAN 
MUNICIPAL UTILITY COMMISSION 

COMMUNICATION 
 

             TO: Chairman and Commission Members 
 
                      FROM: Engineering Services 
 

      MEETING DATE: March 24, 2016 
 

AGENDA SUBJECT: Request for variance to waive the requirement to extend sewer across the frontage 
of 569 Anson Smith Road, ENG16-0009 

 
 

SUMMARY: Staff has received a request for a variance to the Utility Regulations regarding extension of 
sewer mains.  The property in question is a corner lot located at the intersection of Anson 
Smith Road and N. Harvard Street with an address of 569 Anson Smith Road and a parcel 
number of 305-14-010D.  The property owners, Gene and Jennifer Chambers, have 
submitted a letter requesting (1) to waive the requirement to extend sewer in N. Harvard 
Street, and (2) to extend sewer across only a portion of the Anson Smith frontage.    

 
 The subject property is approximately 1.14 acres in size and has a single family home built 

in 1967, which utilizes a septic disposal system.  It is understood that the septic system has 
failed.  There is an existing manhole at the intersection of Harvard Street and Anson Smith 
Road, which will serve as the point of sewer connection. 

 
 Section 7.2 A (2) of the Utility Regulations requires that the sewer extension be made 

across the frontage of both Anson Smith Road and N. Harvard Street.  In 2014, the City 
reviewed a similar request for a property at Airfield Avenue and Apache Drive (ENG14-026).  
Ultimately, City Council required the 2014 applicant to extend a sewer main across one full 
frontage. 

 
 Staff recommends requiring a sewer extension across the full property frontage of Anson 

Smith Road – a total distance of approximately 240 feet.        
  
 
 
 
ATTACHMENTS: MUC Application 
    Request for Variance Letter of March 4, 2016 
    Maps 
    Utility Regulations Section 7.2 A (2)     
 
 
   
 
      







Subject 
Property

Project ENG16-0009 
569 Anson Smith Road 
Gene and Jennifer Chambers



Subject Property 

Requested 
Sewer 

Extension 
+/- 120 Feet

Recommended 
Sewer 

Extension 
+/- 240 Feet



CITY OF KINGMAN UTILITY REGULATIONS 

ARTICLE VII: WATER DISTRIBUTION AND SEWER COLLECTION 

City of Kingman Article VII: Water Distribution and Sewer Collection 
Utility Regulations Page VII-2 

7.2 LOCATION 
 

A. Generally 
 

1. All extensions to the City of Kingman water and sewer system shall begin at 
the nearest point determined to be adequate by the Water and Wastewater 
Superintendents. Generally water system extensions shall not be connected to 
transmission mains. If connection is allowed a valve shall be inserted in the 
transmission main adjacent to proposed tee if necessary to satisfy applicable 
valve spacing requirements for distribution systems. [Ord.1756, 6/18/13] 

 
 

 
2. A public water or sewer extension shall be required to extend across the total 

frontage of the property to be served. In instances where, due to topography, 
location, or surroundings, the engineering design shows that the water or 
sewer line can not be extended further to serve additional properties, the City 
Engineer may allow the developer to end the line without crossing the total 
frontage. 

 
a. The line must be constructed to provide for any extensions to property 

that can be developed. 
 

b. In the case of a sewer line, a cleanout shall be provided at the end of 
the extension. [Ord. 7l4, 8/0l/88] 

 
c. In the case of a water line, the line shall be looped to the system or 

provided with a fire hydrant in the discretion of the Water 
Superintendent. [Ord. 7l4, 8/0l/88; Ord.1756, 6/18/13] 

 
d. Any developer who is dissatisfied with a decision under this 

paragraph may appeal to Council. 
 

e. The requirement to extend a water or sewer line across the total 
frontage of the property to be served does not apply at the Kingman 
Airport Industrial Park. [Ord 759, 8/07/89] 

 
B. Public water or sewer extensions shall be installed in dedicated public rights-of-way. 

Extensions may be constructed in open easements upon approval of the Water or 
Wastewater Superintendent. [Ord. 701, 4/04/88; Ord.1756, 6/18/13] 

 
] 

 
7.3 DESIGN 
 

A. Minimum Size 
 

ghenry
Highlight
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CITY OF KINGMAN 
MUNICIPAL UTILITY COMMISSION 

COMMUNICATION 
 

             TO: Chairman and Commission Members 
 
                      FROM: Engineering Services 
 

      MEETING DATE: March 24, 2016 
 

AGENDA SUBJECT: Request for variance to waive the requirement to extend sewer to a new 
subdivision, ENG16-0008 

 
 

SUMMARY: Staff has received a request from Angle Homes for a variance to the Utility Regulations 
regarding the extension of sewer mains to a proposed subdivision.  The subdivision is 
located west of Sage Street between Louise Avenue and Pasadena Avenue.  It includes 
three properties (311-20-032, 311-20-033, 311-20-036) totaling approximately 34 acres.    

 
 The proposal is to create 29 one-acre size lots.  Mr. Angle is requesting that the subdivision 

have individual septic systems due to the following reasons:  lot size, sewer depth and cost 
considerations.  The closest available sewer main is over a half mile to the north in Airfield 
Avenue. 

 
 The Sewer Service Policy of the Utility Regulations states the following: 
 
  It is the City's policy that, unless specifically excepted, all new subdivisions within 

the City Water Service Boundary shall provide for the discharge of domestic and 
other liquid waste in the municipal sewerage system. It is intended that no new 
subdivisions inside or outside the City limits will be granted water service unless 
they are served by a central sewage collection system. All developers shall be 
required to extend to and through their project a sewage collection system of a size 
sufficient to dispose of these wastes to the public system. When deemed 
appropriate and necessary, the developer shall extend the main trunk and/or 
collector lines to the upstream extremities of the project so as to provide reasonable 
access for potential upstream users to the City system. [Ord 1708, 6/7/11] 

 
 Staff recommends that the proposed subdivision connect to the City sewer system as 

required by the Utility Regulations.        
  
 
 
 
ATTACHMENTS: MUC Application 
    Letter from Angle Homes dated March 3, 2016 
    Letter to Angle Homes dated March 17, 2016 

Maps 
    Utility Regulations Sewer Service Policy  
 
 
   
 
      













Arizona Administrative Code Title 18, Ch. 9
Department of Environmental Quality – Water Pollution Control

September 30, 2005 Page 27 Supp. 05-3

R18-9-A309. General Provisions for On-site Wastewater 
Treatment Facilities
A. General requirements and prohibitions.

1. No person shall discharge sewage or wastewater that con-
tains sewage from an on-site wastewater treatment facil-
ity except under an Aquifer Protection Permit issued by
the Director.

2. A person shall not install, allow to be installed, or main-
tain a connection between any part of an on-site wastewa-
ter treatment facility and a drinking water system or
supply so that sewage or wastewater contaminates the
drinking water.

3. A person shall not bypass or release sewage or partially
treated sewage that has not completed the treatment pro-
cess from an on-site wastewater treatment facility.

4. A person shall not use a cesspool for sewage disposal.
5. A person constructing a new on-site wastewater treatment

facility or replacing the treatment works or disposal
works of an existing on-site wastewater treatment facility
shall connect to a sewage collection system if:
a. One of the following applies:

i. A provision of a Nitrogen Management Area
designation under R18-9-A317(C) requires
connection;

ii. A county, municipal, or sanitary district ordi-
nance requires connection; or

iii. The on-site wastewater treatment facility is
located within an area identified for connection
to a sewage collection system by a Certified
Area-wide Water Quality Management Plan
adopted under 18 A.A.C. 5 or a master plan
adopted by a majority of the elected officials of
a board or council for a county, municipality, or
sanitary district; or

b. A sewer service line extension is available at the
property boundary and both of the following apply:
i. The service connection fee is not more than

$6000 for a dwelling or $10 times the daily
design flow in gallons for a source other than a
dwelling, and 

ii. The cost of constructing the building sewer
from the wastewater source to the service con-
nection is not more than $3000 for a dwelling
or $5 times the daily design flow in gallons for
a source other than a dwelling.

6. The Department shall prohibit installation of an on-site
wastewater treatment facility if the installation will create
an unsanitary condition or environmental nuisance or
cause or contribute to a violation of an Aquifer Water
Quality Standard.

7. A person shall operate the permitted on-site wastewater
treatment facility so that:
a. Flows to the facility consist of typical sewage and do

not include any motor oil, gasoline, paint, varnish,
solvent, pesticide, fertilizer, or other material not
generally associated with toilet flushing, food prepa-
ration, laundry, or personal hygiene;

b. Flows to the facility from commercial operations do
not contain hazardous wastes as defined under
A.R.S. § 49-921(5) or hazardous substances;

c. If the sewage contains a component of nonresiden-
tial flow such as food preparation, laundry service,
or other source, the sewage is adequately pretreated
by an interceptor that complies with R18-9-A315 or
another device authorized by a general permit or
approved by the Department under R18-9-A312(G);

d. Except as provided in subsection (A)(7)(c), a sew-
age flow that does not meet the numerical levels for
typical sewage is adequately pretreated to meet the
numerical levels before entry into an on-site waste-
water treatment facility authorized by this Article;

e. Flow to the facility does not exceed the design flow
specified in the Discharge Authorization;

f. The facility does not create an unsanitary condition
or environmental nuisance, or cause or contribute to
a violation of either a Aquifer Water Quality Stan-
dard or a Surface Water Quality Standard; and

g. Activities at the site do not adversely affect the oper-
ation of the facility.

8. A person shall control the discharge of total nitrogen
from an on-site wastewater treatment facility as follows:
a. For an on-site wastewater treatment facility operat-

ing under the 1.09 General Permit or proposed for
construction in a Notice of Intent to Discharge under
a Type 4 General Permit and the facility is located
within a Nitrogen Management Area, the provisions
of R18-9-A317(D) apply;

b. For an on-site wastewater treatment facility pro-
posed for construction in a Notice of Intent to Dis-
charge under R18-9-E323, the provisions of R18-9-
E323(A)(4) apply;

c. For a subdivision proposed under 18 A.A.C. 5, Arti-
cle 4, for which on-site wastewater treatment facili-
ties are used for sewage disposal, the permittee shall
demonstrate in the geological report required in
R18-5-408(E)(1) that total nitrogen loading from the
on-site wastewater treatment facilities to groundwa-
ter is controlled by providing one of the following:
i. For a subdivision platted for a single family

dwelling on each lot, calculations that demon-
strate that the number of lots within the subdi-
vision does not exceed the number of acres
contained within the boundaries of the subdivi-
sion;

ii. For a subdivision platted for dwellings that do
not meet the criteria specified in subsection
(A)(8)(c)(i), calculations that demonstrate that
the nitrogen loading over the total area of the
subdivision is not more than 0.088 pounds
(39.9 grams) of total nitrogen per day per acre
calculated at a horizontal plane immediately
beneath the active treatment of the disposal
fields, based on a total nitrogen contribution to
raw sewage of 0.0333 pounds (15.0 grams) of
total nitrogen per day per person; or

iii. An analysis by another means of demonstration
showing that the nitrogen loading to the aquifer
due to on-site wastewater treatment facilities
within the subdivision does not cause or con-
tribute to a violation of the Aquifer Water Qual-
ity Standard for nitrate at the applicable point
of compliance.

9. Repairs.
a. A Notice of Intent to Discharge is not required for

routine work that maintains a facility. 
b. The following work is not considered routine work

and a Notice of Intent to Discharge is required:
i. Converting a facility from operation only under

gravity to one requiring a pump or other pow-
ered equipment for treatment or disposal;

ii. Modifying or replacing a facility operating
under the 1.09 General Permit with a different
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Supp. 08-4 Page 24 December 31, 2008

Title 18, Ch. 5 Arizona Administrative Code

Department of Environmental Quality – Environmental Reviews and Certification

Historical �ote
Correction in subsection (E) citation to A.R.S. should 
have read § 32-2101. Amended effective June 21, 1978 
(Supp. 78-3). Former Section R9-8-1011 renumbered 
without change as Section R18-5-401 (Supp. 89-2).

R18-5-402. Approval of plans required

A. No subdivision or portion thereof shall be sold, offered for
sale, leased or rented by any corporation, company or person,
or offered to the public in any manner, and no permanent
building shall be erected thereon until plans and specifications
for the water supply, sewage disposal and method of garbage
disposal to be provided in or to serve such subdivision shall
have been submitted to and approved by the Department.

B. The plans of any proposed water supply and sewage disposal
system shall be submitted in quadruplicate on a plat of the sub-
division as recorded, or as will be recorded, in the office of the
county recorder.

Historical �ote
Former Section R9-8-1012 renumbered without change 

as Section R18-5-402 (Supp. 89-2).

R18-5-403. Application for approval

A. An application for approval, prepared in duplicate on forms
furnished by the Department, shall be filed at the time the
plans are submitted for approval. The form shall be completely
filled out unless indicated otherwise.

B. The distance to the nearest public water supply main and to a
sewer main of a municipal or community system shall be
given.

Historical �ote

Former Section R9-8-1013 renumbered without change 
as Section R18-5-403 (Supp. 89-2).

R18-5-404. Size of lots
The minimum size lot approved by the Department will be gov-
erned largely by the area necessary for the safe accommodation of
individual wells and/or sewage disposal systems. Where both the
water supply and sewage disposal system must be developed on the
same lot, the minimum size shall be at least one acre, excluding
streets, alleys and other rights-of-way. Where water from a central
system is provided for residential uses, the lot shall be sufficient to
accommodate the sewage disposal system and provide for at least
100 percent expansion of the system based on a four-bedroom
house within the bounds of the property allowing a minimum of
five feet distance to the property lines. Where lots are zoned for
commercial uses, the lot shall be sufficient to accommodate the
sewage disposal system and provide for at least 100 percent expan-
sion of the system within the bounds of the property allowing a
minimum of five feet distance to the property lines.

Historical �ote
Former Section R9-8-1014 renumbered without change 

as Section R18-5-404 (Supp. 89-2).

R18-5-405. Responsibility of subdivider

Where plans for a subdivision include a public water supply sys-
tem, or public sewerage system, it shall be the responsibility of the
subdivider to provide the facilities to each lot in the subdivision
prior to human occupancy. The installation of such facilities shall
be in accordance with plans, or any revisions thereof, approved by
the Department.

Historical �ote
Former Section R9-8-1015 renumbered without change 

as Section R18-5-405 (Supp. 89-2).

R18-5-406. Public water systems
A. Where water from an approved public water system is pro-

posed for use in a subdivision, the inside diameter, length, and
location of all proposed and existing water mains and valves
necessary to serve each and every lot shall be shown on the
subdivision plat. If the existing main to which a connection
will be made is not immediately adjacent to the property, the
direction and distance shall be indicated on the plat by an
arrow or other suitable means.

B. A letter shall be obtained and submitted with the application
for approval of the subdivision from responsible officials of
the water system indicating that an agreement has been
reached to supply water to each individual lot in the subdivi-
sion.

C. Where the owner of a subdivision, or other interested person,
firm, company or corporation, proposes to develop a source or
sources of supply and to construct a distribution system to fur-
nish water to the subdivision, either free or for charge, com-
plete details of the proposed water system including plans and
specifications shall be furnished. Department approval of the
supply and proposed system shall first be obtained before an
approval for the sale of lots will be granted. The installation of
such facilities shall be in accordance with the plans, and any
revisions thereof, approved by the Department.

D. Proposed water supply and distribution systems shall comply
with A.A.C. Title 18, Chapter 4, Article 2, except those distri-
bution lines which are a common element of a condominium
shall be exempt from A.A.C. R18-4-234.

E. Where water from an approved public water system is pro-
posed for use in a subdivision, the Department shall issue a
Certificate of Approval for Sanitary Facilities for a Subdivi-
sion only if the applicant has complied with subsections (A)
and (B) of this Section and the public water system is either:
1. in compliance with the provisions of A.A.C. Title 18,

Chapter 4, Article 2; or
2. making satisfactory progress toward compliance with the

provisions of A.A.C. Title 18, Chapter 4, Article 2 under
a schedule approved by the Department.

F. The Department shall revoke the Certificate of Approval for
Sanitary Facilities for a Subdivision and notify the Department
of Real Estate of such action if the public water system in use
by the subdivision is creating an environmental nuisance pur-
suant to A.R.S. § 49-141 and is neither:
1. is compliance with the provisions of A.A.C. Title 18,

Chapter 4, Article 2; nor
2. making satisfactory progress toward compliance with the

provisions of A.A.C. Title 18, Chapter 4, Article 2 under
a schedule approved by the Department.

Historical �ote

Amended effective June 21, 1978 (Supp. 78-3). Former 
Section R9-8-1021 renumbered without change as Sec-
tion R18-5-406 (Supp. 89-2). Amended effective July 25, 

1990 (Supp. 90-3).

R18-5-407. Public sewerage systems
A. Where a public sewerage system is already in existence, or if

sewers are proposed and have been approved by the Depart-
ment, it shall be necessary to show lines indicating the approx-
imate location and size of the sewers on the subdivision plat.

B. Where the proposed sewers will connect to an existing public
sewerage system, a letter from officials of the system shall be
required stating that acceptable plans have been submitted and
that the subdivider has been granted permission to connect to
and become a part of the public sewerage system.

C. Proposed sewage disposal facilities shall comply with A.A.C.
Title 18, Chapter 9, Article 8, except those drain lines which
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e. if a new water pressure zone is required, a description of the storage and pumping facilities 
proposed to accomplish this 

 
In determining whether or not the City should provide water service to a new subdivision, an unsubdivided 
parcel or to any parcel lying outside of the City Municipal Water Service Area Boundary, or to extend the 
Water Service Area, the City Council shall take into account the following: 
 

f. the distance the proposed new water service will be from the Water Service Area Boundary 
 

g. whether or not the area proposed to be served by water will require the creation of a new 
pressure zone 

 
h. the proposed development plan, density, and development standards 

 
i. whether or not the proposed development is in conflict with any development plans inside the 

Water Service Area Boundary and/or any City Infill Development Program 
 

j. whether or not the area to be served is within the City limits or should be annexed into the 
City 

 
k. the impact on the proposed development would have on the existing water production, 

transmission, storage, and distribution systems 
 

l. the relationship the proposed water extension has with the City of Kingman, Arizona, Water 
Master Plan Report, prepared by John Carollo Engineers, June 1988 [Ord 742, 03/20/1989] 

 
SEWER SERVICE POLICY 
 
It is the City's policy that, unless specifically excepted, all new subdivisions within the City Water 
Service Boundary shall provide for the discharge of domestic and other liquid waste in the municipal 
sewerage system. It is intended that no new subdivisions inside or outside the City limits will be 
granted water service unless they are served by a central sewage collection system. All developers 
shall be required to extend to and through their project a sewage collection system of a size sufficient 
to dispose of these wastes to the public system. When deemed appropriate and necessary, the 
developer shall extend the main trunk and/or collector lines to the upstream extremities of the project 
so as to provide reasonable access for potential upstream users to the City system. [Ord 1708, 6/7/11] 
 
SANITARY SERVICE POLICY 
 
It is the City's policy to provide residential and commercial sanitation services to all areas within the 
City limits. Residential pickup is scheduled for twice a week collection. Commercial collection is 
provided on an as needed schedule to accommodate the requirements of the individual users. 
 
Containers are furnished by the City as part of this service. A trash collection service is also available 
from the Sanitation Department. This service is provided on an unscheduled basis. Citizens requiring 
the service need only call the City and arrange for a special pickup. 
 
Contractors and builders should arrange with private haulers to have construction materials hauled 
from construction sites. 
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CITY OF KINGMAN 
MUNICIPAL UTILITY COMMISSION 

COMMUNICATION

TO: Chairman and Commission Members 

  FROM: Engineering Services 

 MEETING DATE: March 24, 2016 

AGENDA SUBJECT: Presentation of Sewer Master Plan Study, ENG14-112 

SUMMARY: On January 6, 2015, the City hired Sunrise Engineering to prepare a Sewer Master Plan 
Report and Infiltration Study.  The planning area for the study includes the entire City Water 
Boundary.  The plan examines the existing sewer system and provides recommendations 
on areas that have sewer pipe capacity concerns, as well as recommendations on the future 
expansion of the sewer system.  In addition, the study examines areas of inflow and 
infiltration into the downtown sewer system and provides recommendations on projects to 
eliminate such inflow and infiltration (I&I).   

The main body of the report is attached as are a few of the maps (Full size maps will be 
made available at the meeting).  The figures and appendices have been removed due to the 
large file size.  The full report is available on the City of Kingman website at the link below.  
City staff will provide a brief overview of the report and its recommendations to the Utility 
Commission.  The Consultant will provide a presentation at the April 5 City Council meeting.  

ATTACHMENTS: Sewer Master Report (text only) 
Existing Sewer Connections Map 
Downtown I&I Map 
Future Hilltop Recommendations Map 

FULL REPORT 
WEB LINK: http://www.cityofkingman.gov/Departments/Engineering/DesignStudiesandReports.aspx 

http://www.cityofkingman.gov/Departments/Engineering/DesignStudiesandReports.aspx
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1.0 INTRODUCTION 

1.1 SCOPE OF WORK 
The purpose of this Wastewater Master Plan Update and Inflow/Infiltration Study is to provide 
the City of Kingman (City) with an evaluation of the interceptor wastewater collection system for 
both the Downtown and Hilltop Service Areas. The most recent wastewater master plan and 
interceptor model for the Hilltop Service Area was developed in 2003 and the most recent report 
for Downtown was prepared in 2011. While both reports are being utilized, they do not sufficiently 
meet the current planning needs. The City’s General Plan has been updated, as such, land usage 
has changed, and there have been changes and expansions to the City’s collection system. The 
interceptor modeling and analysis performed under this project reflects the sewer network as 
currently constructed, includes the impact of land use updates, and includes an inflow/infiltration 
study for the Downtown. It is intended that this report will function as a planning tool to 
determine deficiencies with existing facilities, as well as sizing of future facilities and provide a 
comprehensive analysis of the City’s entire network.    

The scope of work for the project consisted of 6 major tasks including: 

 Data Collection & Supplemental Manhole Survey
 Sewer Interceptor Model Data Input
 Existing (2016) Sewer Interceptor Modeling & Analysis – Hilltop Service Area
 Existing (2016) Sewer Interceptor Modeling & Analysis – Downtown Service Area
 Inflow/Infiltration Study – Downtown Service Area
 Future Sewer Interceptor Modeling & Analysis – Hilltop Service Area

This Wastewater Master Plan Update provided modeling and analysis for wastewater service 
within the entire City boundary and a substantial portion of the General Plan 2030 boundary. The 
study boundaries were selected by the City and closely mimic the current Water Service Boundary. 
Further analysis and master-planning will be required for those areas outside of the study 
boundary. 

1.2 PROJECT PLANNING AREA 
The City of Kingman is located in Mohave County in Northwestern Arizona along historic Route 
66. The City is approximately 150 miles west of Flagstaff and 100 miles southeast of Las Vegas.
Nearby communities include Bullhead City and Laughlin 35 miles to the west and Lake Havasu 
City 60 miles to the southwest. The project study boundary is within a portion of the City of 
Kingman 2030 planning boundary and is shown on the map in Figure 1.2.1 – Project Study 
Boundary. This boundary was established by the City to accommodate projected short and long 
term planning needs. 
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The majority of the area within the study boundary falls within the Hilltop Service Area. The 
remainder of the study area falls within the Downtown Service Area which is located in the 
southwestern portion of the City roughly bound by Sunrise Ave to the North, Western Ave to the 
East, and the study boundary to the South and West.  

Figure 1.2.1 
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1.3 BACKGROUND INFORMATION 
Growth and development in Kingman has necessitated the expansion of the City’s interceptor 
system. Over the years, different analyses, master plans and sewer interceptor models have been 
developed to service the planning areas defined by the City.  Most recently, the main tools utilized 
for sizing and routing of these expansions have been the Trunk Sewer Master Plan, May 2003, by 
Burgess & Niple for the Hilltop Service Area and the Sewer Master Plan for Kingman Commercial Center, 
January 2011, by Shephard-Wesnitzer for the Downtown Service Area. However, both of these 
reports are limited in their scope and do not address all of the current planning needs. For instance, 
the Trunk Sewer Master Plan analyzes a smaller planning boundary and focuses on the deficiencies 
of existing trunk mains for both existing and buildout conditions. In addition, the City’s General 
Plan has changed since the completion of this report, which has a direct impact on the flow loading 
of the City’s interceptor system. Secondly, the Sewer Master Plan for Kingman Commercial Center 
doesn’t include an interceptor model, focuses only on a portion of the Downtown Service Area, 
and doesn’t address inflow/infiltration (I&I) concerns. 

There are three main reasons for a Wastewater Master Plan Update and Inflow/Infiltration Study. 
The first reason is to provide an analysis of City’s interceptor sewer system based on the latest 
General Plan and the changes that have occurred since the previous reports were written.  The 
second purpose is to provide a comprehensive modeling tool for the entire planning boundary. 
The City may utilize these models to easily modify sizing due to updated land use, topography, or 
flow loading and perform additional analyses for future development and service area expansions. 
Lastly, this report investigates sources of I&I causing significant storm surge (wet weather peaking) 
at the Downtown Wastewater Treatment Plant (WWTP). 

1.4 OUTFALL CAPACITIES 
The topography of the Hilltop Service Area generally slopes in a southeasterly direction at 
approximately 1.5% to 3.5% north of the Mohave Wash and in a northwesterly direction at 
approximately 1.3% to 3.0% south of the Mohave Wash. The Mohave Wash flows diagonally from 
southwest to northeast across the Project Study Boundary and is roughly parallel to Arizona 
Highway 66. The City’s two major outfall interceptors run adjacent to the Mohave Wash. As 
expected from the topography, all of the City’s trunk mains feed into the two main outfall 
interceptors which eventually convey flow to the ultimate outfall at the Hilltop Wastewater 
Treatment Plant. The Hilltop WWTP is owned and operated by the City of Kingman and has a 
current capacity of 5.1 MGD. The City of Kingman will likely expand this facility beyond the 
current capacity to 10.1 MGD to meet future demand. 
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Figure 1.4.1 – Hilltop WWTP shows the aerial view of the Hilltop Wastewater Treatment Plant 
located at the northeast corner of Project Study Boundary and north of Route 66. 
 

 
 
 
The topography of the Downtown Service Area is highly variable, characterized by rocky hills, 
canyons, and washes. Slopes vary but generally run in a southwesterly direction east of the Johnson 
Wash and southeasterly direction west of the Johnson Wash. The Johnson Wash flows from north 
to south in between Route 66 and the Old Trails Road. All of the Downtown trunk mains feed 
into the main outfall interceptor, an above ground, ductile iron sewer main running along the edge 
of the Johnson Wash. This line eventually conveys flow to the ultimate outfall at the Downtown 
Wastewater Treatment Plant. The Downtown WWTP is also owned and operated by the City of 
Kingman and has a current capacity of 0.62 MGD. 
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Figure 1.4.2 – Downtown WWTP shows the aerial view of the Downtown Wastewater 
Treatment Plant located at the southwest corner of Project Study Boundary. 
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1.5 PREVIOUS STUDIES 
The analysis shown in this report primarily used background data from two previous wastewater 
collection system reports, three wastewater treatment plant reports, and the latest General Plan. 
The reports, ordered by date, are as follows: 
 
Trunk Sewer Master Plan, May 2003, Burgess & Niple:  This study provided an analysis of 
the City’s existing sewer system for the Hilltop Service Area. More specifically it analyzed six major 
trunk mains (Airway West, Fairgrounds, Harrison Street, East Trunk, Kino, and Airport) under 
existing loading conditions and build out conditions. The proposed sewer interceptor 
improvements for future loading are parallel lines along the existing trunk mains. This report did 
not size any future interceptors outside of the parallel trunk mains proposed in the 
recommendations. This report did include a sewer model and flow monitoring. The vertical data 
(manhole rims and invert elevations) was useful in verifying and supplementing the as-built data 
used to build the Hilltop interceptor model for this project.  
 
Request for Amendment to 208 Area-Wide Water Quality Management Plan, August 2007, 
Brown and Caldwell: This study provided an analysis of the City’s planned upgrades and 
expansions to the Hilltop WWTP in compliance with the Mohave County regional Water Quality 
Management Plan.   
 
Hilltop Wastewater Treatment Plant Aquifer Protection Program (APP) Permit 
Amendment Application (and supporting documentation), August 2007, Brown and 
Caldwell: This included the Arizona Department of Environmental Quality (ADEQ) APP 
Amendment form, as well as, all necessary attachments to amend the City’s current APP (P-
100611). The purpose of the amendment is to allow for the expansion and upgrade of the Hilltop 
WWTP. The report discusses all aspects of the expansion which would increase the plants flow 
capacity and allow them to produce higher quality effluent for discharge and reuse.   
 
Downtown Wastewater Treatment Plant Upgrade and Expansion Preliminary Design 
Report (PDR), November 2009, Brown and Caldwell: This study provided a preliminary 
analysis and options for replacing the Downtown WWTP aerated lagoons system with a different 
treatment process. The replacement of the aerated lagoon system was triggered by the inability to 
meet ADEQ effluent standards.  
 
Sewer Master Plan for Kingman Commercial Center (and surrounding areas), January 
2011, Shephard – Wesnitzer: This study provided an analysis of a portion of the Downtown 
Service Area called the Kingman Commercial Center and the surrounding area. The report 
provided recommendations for alternative routing for the failing outfall interceptor for this area 
and for relocating sewer lines that crossed into private property. 
 
City of Kingman General Plan Update 2030, March 2014, City of Kingman:  This study 
provides a comprehensive reference for guiding future growth and development within the City 
limits and planning boundary. The report includes land use descriptions and a summary of recent 
upgrades to the City’s WWTPs.   
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1.6 MODELING SOFTWARE 
The modeling software employed in this analysis was H2OMAP Sewer Pro Suite version 10.5, by 
Innovyze.  H2OMAP Sewer is a powerful, stand-alone GIS-based computer program for use in the 
planning, design, analysis, and expansion of sanitary, storm and combined sewer collection 
systems. The program can be effectively used to model both dry-weather and wet-weather flows 
and determine the most cost-effective and reliable method of wastewater collection. The software 
allows the user to seamlessly view, manipulate, and exchange GIS data sets with relative ease. This 
feature is particularly beneficial because all hydraulic and geometric data sets generated from the 
project modeling can be fully integrated into the City’s future GIS database. The City may utilize 
the stand-alone H2OMAP Sewer or convert to the GIS based InfoSewer, also by Innovyze, which 
runs within ArcGIS.  

Both H2OMAP Sewer and InfoSewer allow various shapefiles and images to be brought into the 
modeling environment for reference purposes or data storage. For example, parcel shapefiles can 
be utilized to store a specified allocation manhole. In other words, every parcel in the City could 
store the unique manhole ID to which it contributes flow. This same file could store land use data 
or utilize an overlaid land use shapefile and, using H2OMAP Sewer’s Load Allocator module, 
allocate sewer flow and population loads to a specific manhole. This is a powerful tool for the City 
staff to utilize when land usage and/or load factors change and thereby keep the interceptor model 
up to date with changing conditions.   
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2.0 DATA COLLECTION 

Every attempt was made to ensure that model input data was current and representative of the 
actual physical system. This included analyzing a sewer infrastructure network map provided by 
City and comparing it against supplemental survey data, as well as sewer record drawings and 
available technical reports.   

2.1 CITY DATA COLLECTION 
The first project task involved coordination with the City’s engineering department to retrieve any 
pertinent sewer data for inclusion in the model. This data consisted of a digital CAD drawing 
showing all of the City’s sewer infrastructure which included pipe sizing, material data, and as-
built reference numbers. Other appurtenant files which supported the completion of the collection 
system mapping and model setup were also provided.  The files collected included the following: 

 Aerial Imagery
 Sewer As-built Record Drawings
 Previous Interceptor Model
 Parcel Information (City and County)
 Mohave County Topography (contours)
 AutoCAD Infrastructure Drawing
 Manholes (dwg)
 Gravity Pipes (dwg)
 Force Mains (dwg)

 Land Use Data
 City Zoning Map (dwg)
 General Plan 2020 Map (dwg)
 General Plan 2030 Map (pdf)

 Sewer Flow Data
 Significant Industrial Users
 Jail and Hospital Flows
 Subdivision Design Flows
 WWTP Influent Flow

In general, the data provided appeared to be consistent with the horizontal datum NAD 27 (North 
American Datum of 1927) and the vertical datum NGVD 29 (National Geodetic Vertical Datum 
of 1929). The major exception to this was the CAD drawing which was on the horizontal datum 
NAD 83, AZ State Plane Zone West, US Survey Feet, with ground correction. Other exceptions 
include a few record sewer as-built drawings on unidentified datum; most likely utilizing localized 
coordinates. Per the City’s request, all data was converted to the horizontal datum AZ83CIF 
(Arizona State Plan Coordinates, NAD83, West Zone, International Feet) and the vertical datum 
NAVD 88, prior to being entered into model. 

The CAD drawing was useful for providing a relatively accurate horizontal layout of the sewer 
interceptors. However, all vertical data (manhole rims and pipe inverts) had to be gathered from 
the as-builts and reports and manually entered.  This vertical data was added as object data onto 
the manholes and pipes within AutoCAD Civil 3D and then exported out as shapefiles. A shapefile 
can easily be imported into H2OMAP Sewer and all object data can be mapped to the correct 
hydraulic field within the model. Considerable time was taken to ensure that elevations were 
accurate throughout the interceptor model. As part of that effort, whenever missing or 
questionable data was observed, field-survey data was obtained (See Section 2.2) to verify or 
correct elevations at various points in the network. 
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Table 2.2.1

2.2 INTERCEPTOR MANHOLE SURVEY 
The City requested that any deficiencies in the as-builts or reports (i.e. missing/questionable 
vertical and horizontal data) be supplemented with survey to refine the model input data. A field 
survey of approximately 100 sewer interceptor manholes was conducted as part of the data 
collection effort. Surveyors collected the following data for each manhole: horizontal location 
(northing & easting), rim elevation, depth to pipe inverts, and compass direction of inverts. This 
data was then input into the model. Manhole rim elevations at other locations in the interceptor 
network were spot checked using the latest aerial topography from Mohave County and the City. 
This review indicated general consistency between the aerial topography and the as-built data. The 
addition of field survey data, along with as-built maps and technical reports allowed for the 
completion of the interceptor models. The approximate location of all of the surveyed manholes 
are shown in Table 2.2.1 (Hilltop) and Table 2.2.2 (Downtown): 
 
 
Manhole  

ID 
Location 

(Hilltop Service Area) 
Manhole  

ID 
Location 

(Hilltop Service Area) 
76 Monroe St & Karen Ave 674 Motor & Fairgrounds Ave 
78 Jackson St & Karen Ave 675 Hope & Fairgrounds Ave 

  79* Jackson St & Karen Ave 738 Hope Ave & Main St 
80 Van Buren St & Karen Ave   832* Hope Ave & Main St 
81 Van Buren St & Karen Ave 833 Hope & Fairgrounds Ave 
712 Historic Rte 66 & Hall St   953* Motor & Fairgrounds Ave 
713 Historic Rte 66 & Hall St 148 Del Mar Ave & Legacy Dr 
651 Sunset & Fairgrounds Blvd 407 Coronado Ave & N Irving St 
718 Sunset Blvd & Main St 433 Will Rogers Way & N Glen Rd 
954 Sunset Blvd & Main St 434 Will Rogers Way & N Glen Rd 
1000 Sunset Blvd & Kingman Ave 435 Jimmy Stewart Dr & N Glen Rd 
1002 Sunset Blvd & Kingman Ave 450 Kino Ave & Mohave Wash 
657 Wikieup & Fairgrounds Ave 451 Kino Ave & Mohave Wash 
658 Mullen & Fairgrounds Ave 708 Kino Ave & Bond St 

  659* Mullen & Fairgrounds Ave 709 Kino Ave & Bond St 
724 Wikieup Ave & Main St   134* Airway Ave & Harrison St 

  725* Mullen Ave & Main St 136 Airway Ave & Harrison St 
  831* Airway Ave & N Rainbow Dr 137 Airway Ave & Harrison St 
  868* Airway Ave & N Rainbow Dr 879 Airway Ave & N Pinal St 
  870* Airway Ave & N Rainbow Dr 880 Airway Ave & Coolidge St 
894 Airway Ave & N Rainbow Dr 882 Airway Ave & Roosevelt St 

  957* Airway Ave & N Rainbow Dr 884 Airway Ave & Rutherford St 
535 Kino Ave & N Bank St   885* Airway Ave & Rutherford St 
956 Kino Ave & N Bank St 592 Airway Ave & Castle Rock Rd  

  556* Heather Ave 593 Airway Ave & Castle Rock Rd  
  557* Heather Ave 594 Airway Ave & Santa Rosa Dr  
  558* Heather Ave 595 Airway Ave & Santa Rosa Dr  
  561* Airway Ave & Castle Rock Rd 598 Quarter Cir Ave & Rawhide Dr 
154 Gordon Dr & N Bank St  599 Quarter Cir Ave & Rawhide Dr 
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Table 2.2.2

Table 2.2.3 

155 Gordon Dr & N Bank St  600 Quarter Cir Ave & Rawhide Dr 
229 Gordon Dr & N Bank St    601* Quarter Cir Ave & Rawhide Dr 
230 Gordon Dr & N Bank St    602* Quarter Cir Ave & Rawhide Dr 
404 Gordon Dr & N Bank St  161 N of Kingman HS Ball Fields 
178 Thompson & Mohave Wash 163 N of Kingman HS Ball Fields 
256 Thompson & Mohave Wash 238 N of Kingman HS Ball Fields 

  240 N of Kingman HS Ball Fields 
  *Horizontal Data Only. 

 
 
Manhole  

ID 
Location 

(Downtown Service Area) 
Manhole  

ID 
Location 

(Downtown Service Area) 
45 W Beale St & Fort Beale Dr 28 SW of Powerhouse Museum 
11 W Beale St & I-40 96 Historic Rte 66 & N 1st St 
15 W Beale St & Johnson Wash 97 Historic Rte 66 & N 1st St 
16 W Beale St & Johnson Wash   99* Historic Rte 66 & N 1st St 
17 W Beale St & Johnson Wash 100 S of Powerhouse Museum 
61 W Oak St & Parkview Ave   101* Historic Rte 66 & N 10th St 

  62* W Oak St & Parkview Ave 102 Historic Rte 66 & N 10th St 
  20* W Beale St & Parkview Ave 124 Park & S 6th St 
  22* SW of LWHS Ball Fields   125* Park & S 6th St 
  70* W Oak St & Parkview Ave 128 Hubbs & S 4th St 
  71* W Oak St & Grandview Ave 131 Goldroad & S 4th St 
  72* W Oak St & Grandview Ave 134 Goldroad & S 2nd St 
  25* Locomotive Park   135* Goldroad & S 2nd St 
87 N of LWHS Ball Fields   144* Golconda Ave & S 2nd St 
88 S of LWHS Ball Fields   

  *Horizontal Data Only. 

 
Through analyzing the survey data, as-builts, and reports, multiple flow split locations were 
identified in the interceptor model for the Hilltop Service Area. No flow splits were identified 
for the Downtown Service Area model. The approximate location of all of the flow split 
manholes are shown in Table 2.2.3: 
 
 
Manhole  

ID 
Flow Split Location 

(Hilltop Service Area) 
Manhole  

ID 
Flow Split Location 

(Hilltop Service Area) 
88 Harrod Ave & Van Buren St 720 Simms Ave & Main St 
116 Van Marter Dr & Harrison St 770 Detroit & Western Ave 
119 Detroit Ave & Harrison St 831 Airway Ave & N Rainbow Dr 
137 Airway Ave & N Willow Rd 858 Walapai Ave & Railroad St 
144 Del Mar Ave & N Willow Rd   
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2.3 CITY OF KINGMAN LAND USE 
Two sources were used to define land use for the Interceptor Sewer Models; the current City of 
Kingman Official Zoning Map and the General Plan 2030 Map (See Appendix B).  
 
For developed parcels within the existing city limits, land use was primarily based on the City’s 
Zoning Map. However, in some residential areas, the density (DU/Acre) within existing 
subdivisions was found to be different than the density defined by the current zoning. The 
modeling was adjusted to more accurately reflect the true density during flow calibrations (See 
Appendix D, 2016 Flow Data, Calibration). 
 
Undeveloped parcels within the existing city limits could have been defined by either the current 
Zoning Map or the General Plan 2030 Map. In general, variations in land use between the two 
maps were minimal and the current zoning densities are consistent with the range of densities 
described in the General Plan 2030 Report. The City decided to utilize the General Plan 2030 for 
undeveloped lots within City limits because, in some instances, the General Plan uses were denser 
than current zoning. Undeveloped parcels outside of the existing city limits but within the planning 
boundary were solely defined by the General Plan 2030 Map. 
 
Defining land usage within the study boundary was a critical component in developing the loading 
factors for the model. Loading factors allow you to apply a sewer flow rate per unit area, usually 
gallons per day per acre (GPD/Acre) or cubic feet per second per acre (CFS/Acre). For residential 
areas the load factor can be derived from a known density (DU/Acre) for a given land use, a 
known occupancy (persons/DU), and a known capita flow rate (GPD/person). 
 
 

2.4 VACANT AND OCCUPIED LAND PARCELS 
In order to make a clear distinction between occupied parcels and vacant land, the 2016 
Connections Map was developed (See Exhibit 2.4.1). The occupied land parcels have been 
divided into two groups; Existing and Septic. The Existing group includes developed parcels that 
are currently connected to the City’s sewer infrastructure network. The Septic group was 
determined to be those parcels where a dwelling unit was present but adjacent sewer facilities were 
not. The vacant land parcels have been divided into three groups; Existing Committed, Vacant 
(Future Connections), and Vacant (Restrictive Slope). Committed parcels include undeveloped 
land that the City either already has infrastructure in place to serve or plans to develop 
infrastructure to serve in the near future. Vacant (Future Connections) parcels include 
undeveloped land that will eventually connect to the City’s sanitary network but no infrastructure 
is currently constructed. Vacant (Restrictive Slope) parcels include undeveloped land that are 
unlikely to be constructed on due to steep grades and, therefore, unlikely to connect to the City’s 
sanitary network. It is possible that some scattered development may occur in these restrictive 
slope areas in the future. If this occurs, interceptor modeling should be adjusted to account for 
the additional flow.  
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While most parcels could easily be delineated into their respective group based on physical 
observations (e.g. existing buildings), the Existing Committed parcels required additional 
coordination with the City staff. The City was responsible for defining which parcels should fall 
under this category. In general, most of these parcels fell within partially built subdivisions that 
already had a recorded plat. An existing platted subdivision would have filed a Notice of Intent to 
Discharge (Sewage Collection System) with the Arizona Department of Environmental Quality 
(ADEQ) or the City and would likely have already received will-serve letters from the City. 
 
Multiple files were provided from the City’s engineering department including a map showing the 
physical locations of the parcels to be included in the Existing Committed group. Each of the 
parcels was also listed in a spreadsheet that had projected design flows and an associated lot count 
(each corresponding to the provided map). These specific sewer loads were used in lieu of the 
allocated loads for the committed parcels in the model. Design flows are generally greater than 
flows defined by the current land-use, i.e. more conservative estimates of future flows. Some of 
the design flows provided by the City included developments that were already constructed.  These 
design flows were removed from the specific sewer loads for the committed parcels.  
 
Developing the Connections Map and defining the land-use groups was also necessary for defining 
the four main model scenarios for the project: 
 

1. Existing (2016) Scenario - Hilltop – Includes Existing and Existing Committed parcels. 
2. Future Scenario - Hilltop – Includes everything in the 2016 Existing Scenario, Septic and 

Vacant (Future Connections), i.e. all areas within the project study boundary limits other 
than areas with restrictive slopes. 

3. Existing (2016) Scenario - Downtown – Includes Existing and Existing Committed 
parcels. 

4. I&I Scenario - Downtown – Includes everything in the 2016 Existing Scenario and 
simulated wet weather flow loading.  
  

These model scenarios will allow City staff to determine what improvements need to be made to 
service current customers and determine what infrastructure must precede development on 
undeveloped parcels to be served. This will allow the City to designate CIP projects and funds for 
appropriate solutions. 
 
Note: There are a few large parcels that have an existing facility constructed on them (e.g. golf 
course, airport runway, etc.) but are not contributing sewage flows. Consequently there are a few 
parcels that are shown as Existing on the 2016 Connections Map that aren’t truly connected. This 
has been taken into consideration when modeling the 2016 Existing Scenarios. Each of these 
facilities is a permanent structure and therefore will not contribute flows under future loading 
conditions.   
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2.5 HISTORIC SEWAGE FLOWS 
Existing and projected flow rates within the sewer model have a direct correlation to the land use 
definitions for the service area. Once the land use for all parcels within both the current City 
boundary and the study boundary were identified, a loading chart was developed for each of these 
land uses.  This chart shows the land usage type and ultimately the unit load (GPD/Acre) that was 
used for each parcel type and acreage within the model.  The development of load factors is more 
thoroughly discussed in Section 3.0 Design Criteria. As may be surmised, loading factors vary 
widely between the different residential, commercial, and industrial land uses. Load factors for the 
same land use type may also vary depending on whether they are being applied to an existing 
conditions model scenario or a proposed conditions model scenario. That is, proposed loading 
charts are typically more conservative, i.e. larger load factors, and conform to ADEQ requirements 
for design flows.  
 
The module which runs within the H2OMAP Sewer software and utilizes load factors and parcel 
acreage to develop sewer flows (and contributing populations) is known as the Load Allocator. 
Consequently, all sewer loads developed in the model using this tool are known as Allocated 
Loads. This was the primary method used to develop sewage flows for each of the three model 
scenarios. There were also loads that were entered manually for each of the scenarios which are 
referred to as Known Loads. The Known Loads for the 2016 Scenario consisted of known, 
permitted, or metered flow rates from the heavy users, including those categorized as a Significant 
Industrial User (SIU) or a Categorical Industrial User (CIU). In the Future Scenario, known 
loading was entered for large parcels that required a loading greater than that which was defined 
by the land use designation. For example, one of the vacant parcels being loaded into the Future 
Scenario was designated as Park/Open Space per the General Plan 2030 but was likely to be 
developed into Community Commercial.   
 
After initial model loading (Allocated and Known), flow monitoring results were used to calibrate 
the Existing Scenarios to more accurately represent the field measurements observed. This was a 
critical step in the modeling process as the existing conditions provide the base for which all other 
scenarios are built upon. The City provided metered sewage flows for both the Hilltop and 
Downtown WWTP. In addition, as part of the scope of this project, 15 other critical locations 
within the interceptor network were also monitored (See Exhibit 2.5.1 Flow Monitoring Map). 
On average, three to four weeks of continuous monitoring time was provided for each site. Flow 
monitoring results were used to iterate different load variations. While loading was not adjusted 
to match the monitoring data exactly, adjustments were made to the load chart in order to make 
the model as representative of the existing system, as possible. This was accomplished by 
calibrating the load factor input data: daily flow per capita (gallons/capita/day), occupancy 
(people/DU), and density (DU/Acre). 
 
As a result of the flow monitoring, it was revealed that the zoning density (DU/Acre) was not 
accurate for several land uses.  The density was adjusted to more accurately reflect densities of 
these land uses in the existing system.  After calibration, modeled flows in the existing conditions 
model remain more conservative than the monitoring data. This was expected as calibrating load 
factors down to match metered flows exactly would require developing load factors for each land 
use that weren’t justifiable.     
 



CITY OF KINGMAN 
WASTEWATER MASTER PLAN UPDATE & INFLOW/INFILTRATION STUDY  
 14 

Further calibration of the model should be conducted when the City has in place a more extensive 
monitoring program. Adding more flow monitoring sites could improve the accuracy of the 
modeling and monitoring flows throughout the year would allow the City to capture flow 
variations due to population increases from seasonal visitors and wet weather conditions. 
Interceptors that will see the greatest fluctuation due to “seasonal flow” are those adjacent to high 
density retirement communities or any residential developments with concentrated groups of 
seasonal visitors. As part of an expanded monitoring program, the City should be able to start 
tracking and quantifying these changes. For this study, all parcels with existing homes and sewer 
connections were loaded into the model, therefore seasonal visitors were accounted for in the 
existing service area.  
 

2.6 RAINFALL DATA 
In order to determine the how the sewer system operated during wet weather conditions, the City 
requested that flow monitoring data be collected during the monsoon season. Flow monitors 
operated at various locations throughout the City between 6-29-15 and 9-11-15. Rainfall data was 
then collected for this same period of time in order to correlate peak flows observed during 
monitoring with the various storms that took place. The primary source for rainfall data was the 
Mohave County ALERT website. The County maintains a number of rain gauge stations in around 
the City of Kingman. Five of the County’s gauges which fell within the project study boundary 
were used for this project. In addition, one rain gauge maintained by the City, located at the 
Downtown Fire Station, was also used. The names of rain gauge stations utilized for this project 
are: 
 

 Holy Moses Wash 
 Fire Station 1 (City of Kingman) 
 Mohave Wash @ Airway Ave 
 Kingman 
 Diagonal Wash 
 Upper Devlin Wash 

 
The location of the six rain gauge sites along with a summary of the rainfall data collected can be 
found on Exhibit 2.6.1 Rain Gauge Map. In total, 17 separate storm events were observed during 
the flow monitoring period. This data was used to distinguish which peak flows observed during 
flow monitoring were caused by storm events. Additional flows caused by wet weather conditions 
is called storm surge and typically creates a wet weather peak in the system. 
 
Note: The rain gauges maintained by the County only create a rainfall data log when 0.04 inches 
of rain is observed. In other words, very low intensity rain events won’t register any rainfall on 
data logger. For this project, the larger storms were of more interest to the study than the low 
intensity events.   
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3.0 DESIGN CRITERIA 
 

3.1 ADEQ REQUIREMENTS 
This report utilized the Arizona Department of Environmental Quality (ADEQ) minimum sewer 
collection system design guidelines in the Arizona Administrative Code (AAC) Title 18, Chapter 
9, Article 3, Part E. Type 4 General Permits (Last amended on Nov. 12, 2005) as the basis for the 
design criteria.  See Appendix A - ADEQ Minimum Standards for AAC codes and minimum 
sewer system design constraints relating to sewer collection systems including Table 1, Unit Design 
Flows.  
 
Per ADEQ standards (R18-9-E301.4.01), all proposed sewer interceptors were designed and all 
existing interceptors were checked against the following criteria: 
 

 Slopes that ensure a minimum velocity of 2 feet per second (ft/s) and a 
maximum velocity of 10 ft/s when flowing full, using a Manning’s roughness 
coefficient of 0.013. 

 Base design flow shall be 80 gal/capita/day.  
 Maximum manhole spacing is dependent on interceptor sizing and shall not 

exceed that which is prescribed by ADEQ for a given pipe diameter. 
 Maintain minimum cover of 3 feet over all proposed sewer pipes. 
 Ratio of flow depth to the pipe diameter (d/D) shall not exceed 0.75 in peak 

dry weather conditions 
 Population-based Peaking Factors (applied to cumulative loading for all pipes) 

 

3.2 CITY OF KINGMAN REQUIREMENTS 
In addition to ADEQ requirements, this report is guided by design standards established by the 
City of Kingman. These requirements were directly outlined by the City Engineer for this project. 
The design criteria that governed the analysis, modeling and master planning for the project are 
as follows: 
 

1. For the purposes of this project, modeling shall only be conducted for sewer 
interceptors (“trunk lines”). An interceptor is defined, in general, as any 
sanitary sewer pipe, within the City’s system, 10 inches in diameter or greater. 
However, some 8-inch and 6-inch diameter pipes were included in the model 
analysis because they were determined to be part of an outfall line for a given 
sewer shed and thereby functioning as an interceptor. 
 

2. The City believes, based on the observed flows and the proliferation of water-
saving technologies, 80 gal/capita/day is sufficient for planning purposes. This 
design flow was used for sizing proposed interceptors in all residential areas 
within the City’s planning area and for determining equivalent populations for 
commercial and industrial flows. 
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3. The City Engineer directed that loading rates (gallons/day/acre) for parcels
that are zoned commercial, business, or industrial be consistent with the
loading rates of similarly sized communities in Arizona.

4. In general proposed interceptor sewers will be located within or adjacent to
the right-of-way of existing or future section line roads.

5. All rim elevations for proposed manholes shall match the best available
topographic data; City contours, Mohave County contours, or USGS maps.

6. Mohave Wash crossings should be avoided wherever possible.

7. Railroad/Arizona Highway 66 crossing locations should be minimized.

8. The master planning shall conform to the current City Design Standards unless
otherwise directed by the City Engineer.

9. Under future loading conditions, parallel interceptors are preferred to upsizing
(i.e. removing & replacing) the existing interceptors.

10. The master plan should not include interim sizing. All sizing should be based
on future flow conditions to avoid the costs of replacing a newly constructed
line or necessitating a parallel line. However, the development of a flushing
plan may be required in the interim between construction of the interceptor
and build out of the sewer shed

11. Average household size shall be based on the most current census data (2010)
– 2.46 persons/household.

12. The sewer model shall be set up as two separate interceptor models; one for
the Downtown Service Area and one for the Hilltop Service Area.

13. SIUs with known flow rates, such as hospitals and jails, shall be manually
loaded into the model based on metered data.

14. The project datum and coordinates shall be based on NAD83, Arizona West,
International Feet (AZ83WIF) for horizontal and NAVD88 for vertical.

15. The City has requested that the sewer customer address database be utilized in
verifying septic vs existing connections.

16. All recommendations for proposed interceptors shall take into consideration
the current design plans for sewer infrastructure on the City’s CIP list (e.g.
Mohave Channel Sewer Line).
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17. All undeveloped parcels within platted subdivisions classified as “Committed” 
by the City shall be included in the Existing (2016) Scenario and 
recommendations shall be adjusted accordingly.  
 

18. Loading of undeveloped parcels within the City boundary shall be based on 
the General Plan 2030 instead of the City of Kingman Official Zoning Map. 
 

19. Any industrial sites that are vacated or are currently not in operation shall be 
removed from the Existing (2016) Scenario.  

 

3.3 RESIDENTIAL FLOW RATES 
A majority of connections within the existing system (and the future system) fall under a residential 
land use. Under the City’s current zoning there are a range of different residential uses including: 
 

 R-1-6 (Single Family Housing, 6,000 SF Lot Minimum) 
 R-1-6PDD (Planned Development District, 6,000 SF Lot Minimum) 
 R-1-8 (Single Family Housing, 8,000 SF Lot Minimum) 
 R-1-10 (Single Family Housing, 10,000 SF Lot Minimum) 
 R-1-10PDD (Planned Development District, 10,000 SF Lot Minimum) 
 R-1-20 (Single Family Housing, 20,000 SF Lot Minimum) 
 R-1-40 (Single Family Housing, 40,000 SF Lot Minimum) 
 R-2 (Multiple Family Housing, Low Density) 
 R-2PDD (Planned Development District, Multiple Family Housing) 
 R-3 (Multiple Family Housing, Medium Density) 
 R-4 (Multiple Family Housing, High Density) 
 R-MH-6 (Manufactured Home, 6,000 SF Lot Minimum) 
 R-MH-20 (Manufactured Home, 20,000 SF Lot Minimum) 
 R-MH-40 (Manufactured Home, 40,000 SF Lot Minimum) 
 R-R (Rural Residential) 

 
For each of the residential uses described, a unique loading factor (cfs/acre) was developed in 
order to calculate the anticipated flow rates for parcels that fell within that land use. Beyond the 
City limits, land use is solely defined by the General Plan 2030. The General Plan residential uses 
encompass a much broader range of densities and uses within each category. Unique loading 
factors were developed for these, as well. 
 
Load factors areas are initially established using the maximum density (DU/Acre) allowed per the 
zoning, the average household occupancy (2.46 people/DU), and the design flow (80 
gal/capita/day). This method gives very conservative values for determining sewer flows for 
residential land uses. It was determined early on in the project that load factors developed using 
this method needed to be adjusted based on more current data and the flow monitoring results. 
 
According to  ADEQ requirements, collection system design flows must be calculated based on 
80 gal/capita/day (excluding peaking factors), but allow for “lower unit flow values in the served 
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area due to significant use of low-flow fixtures, hydrographs of actual flows, or other factors.” A 
comparison of the monitored sewage flow rates with the design flow rate required by ADEQ was 
investigated to determine if a “lower unit flow value” was justified. According to the flow 
monitoring results, an average sewer flow contribution of 70 gal/capita/day was justified for the 
Hilltop Service Area but not for the Downtown Service Area. 
 
Given the recent flow monitoring data, the Existing (2016) Scenario - Hilltop load factors were 
based on a lower unit flow value of 70 gal/capita/day. Load factors for the Future Scenario - 
Hilltop used the ADEQ minimum standard of 80 gal/capita/day. Based on water saving 
technology that will likely result in lower flows per capita in the future, using a loading factor of 
80 gal/day/person is reasonable for future planning. The Downtown showed slightly higher per 
capita usage than the Hilltop Service Area and therefore both the Existing (2016) Scenario – 
Downtown and the I&I Scenario – Downtown utilized a unit flow value of 80 gal/capita/day.  
 
For the analysis of existing facilities and the design of new facilities, 2.46 people per dwelling unit 
was used based on the average household size for residents of Kingman. This is consistent with 
the most current census data (2010) and the flow monitoring results. It should be noted, however, 
that not all of the loading factors for residential usage utilized 2.46 people/DU. This occupancy 
was viewed as a base for “typical” residential units. A multi-family residential usage, for example, 
may have justified a slightly lesser occupancy, while a single-family rural (i.e. low-density) 
warranted the use of a higher occupancy.  
 
While developing load factors for the Existing (2016) Scenarios, it was necessary to reduce the 
density for several residential uses based on the flow monitoring results. In many municipalities, 
zoning densities are not always representative of true density. Kingman is not an exception to this, 
and it became necessary during calibration to reduce densities for both the Hilltop and Downtown 
Service Areas. For the Future Scenario no density reductions were necessary. For planning 
purposes, it is better to utilize more conservative load factors.   
 
The Loading Tables for the four model scenarios can be found in Appendix E – 2016 Flow Data 
and Appendix F – Future Flow Data. The Loading Tables include both the initial loading and final 
(calibrated) loading. These load factors were entered into the model to develop the Allocated 
Loads for both existing and future residential development. Known Loads from residential land 
uses were manually entered into the model for the Existing (2016) and Future Scenarios. Known 
Loads consisted of design flow rates that had been calculated for residential developments.  
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3.4 COMMERCIAL FLOW RATES 
Commercial load factors in this report are based upon those utilized by comparable municipal 
entities in Arizona, in particular those of the Town of Gilbert, the Town of Queen Creek, and the 
City of Casa Grande. The unit loads used to estimate sewage flows from commercial developments 
were established using the load factors (in gallons per day per acre) of these municipalities. The 
commercial flow rates utilized in their Wastewater Master Plans are representative of the City of 
Kingman’s existing development. Figure 3.4.1 - Commercial Flow Rate Comparison correlates 
City of Kingman Zoning & General Plan commercial land uses and unit loads to the land uses 
and flows of these municipalities. 
 
Load factors applied to the interceptor model for the various commercial zones are shown in the 
Loading Tables (Appendix E & F). The City’s commercial zones include:  
 

 C-1 (Neighborhood Convenience) 
 C-2 (Community Business) 
 C-2PDD (Community Business, Planned Development District) 
 C-2-HMR (Hualapai Mountain Road Design Overlay) 
 HMMC-PDD (Hualapai Mountain Medical Center, Planned Development District) 
 C-3 (Service Business) 
 C-3PDD (Service Business, Planned Development District) 

 
Load factors applied to the interceptor model for the various commercial uses defined by the 
General Plan 2030 are also shown in the Loading Tables (Appendix E & F). The commercial uses 
defined by the General Plan include:  
 

 Neighborhood Commercial 
 Community Commercial 
 Regional Commercial 
 Highway Service Commercial 

 
These load factors were entered into the model to develop the Allocated Loads for both existing 
and future commercial land use. Again, load factors were adjusted for the Existing (2016) 
Scenarios during the model calibration. Future Scenario load factors were not adjusted. Known 
Loads from commercial land uses are typically manually entered into the model for the Existing 
and Future Scenarios. However, for this project only the Allocated Loads were utilized for 
commercial areas.  
 
 

3.5 INDUSTRIAL FLOW RATES 
Compared to residential and commercial users, industrial land use areas contribute the least 
amount of sewer flow within the system. There are three different industrial uses under the City’s 
current zoning including I-1 (Light Industry), I-1PDD (Light Industry, Planned Development 
District) and I-2 (Heavy Industry). As with other land uses described, a unique loading factor 
(GPD/Acre) was developed in order to calculate the anticipated flow rates for parcels within that 
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land use. The General Plan industrial uses fall under 2 categories; Light Industrial and 
Manufacturing Industrial. Loading factors developed for the General Plan areas were similar for 
those defined by the current zoning. However, for the Existing (2016) Scenario – Hilltop, the 
General Plan loading factors were greatly reduced during calibration. The reason for this was that 
industrial flows coming from the Airport Industrial Park were uncharacteristically low, according 
to the flow monitoring results. Although, depending on the type of industrial user, wastewater 
flow contribution can vary significantly.  
 
Load factors were initially established at 900 gallons per day per acre for Light Industrial users and 
1,200 gallons per day per acre for Heavy/Manufacturing Industrial users. These factors were 
applied to the model for the Existing (2016) Scenarios and for the Future Scenario.  
 
In addition to the load factors developed for Allocated Loads, metered flow rates from industrial 
connections, provided by the City, were manually entered into the model. Known Loads from 
significant industrial users (SIUs) were used in both the Hilltop and Downtown interceptor models 
and include flows from the following:  
 

 Mohave County Jail 
 Mohave County Juvenile Detention 
 Kingman Regional Medical Center (Main Hospital) 
 Kingman Regional Medical Center (Hualapai Mountain Campus) 

 
Peaking factors from these users was not provided, therefore average base flow from the industrial 
users was entered into the model and peaked according to a known occupancy or an equivalent 
population. Note that all flow loading for SIUs was based on the flow monitoring results provided 
by the City for the respective users and not necessarily the permitted capacities. Known Loads 
were manually entered for both Existing and Future Scenarios. 
 
The Flow Data appendices for each scenario (Appendix E & F) give the estimated industrial user 
flow rates based on land usage and all known industrial flows. They represent all industrial flows 
applied to the hydraulic model of the City’s sewer interceptor system.  
 
Note: Load factors were also developed for those land uses not categorized as either Residential, 
Commercial, or Industrial per the City’s Official Zoning Map or the General Plan 2030 Map. 
These land uses include: 
 

 O (Recreational Open Space) - Zoning 
 Public/Quasi-Public – General Plan 2030 
 Parks/Open Space – General Plan 2030 

 
Load factors for these areas varied greatly. For instance Public land has the potential for 
significant flow contribution while Parks may contribute no flow at all.  
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3.6 PEAKING FACTORS 
Dry Weather Peaking Factors were applied to all flows within the model based upon the total 
population upstream of the calculation point.  ADEQ recommended peaking factors per R18-9-
E301 (See Appendix A - ADEQ Minimum Standards, Dry Weather Peaking Factor Table) 
were entered into the model via a table showing peaking factor versus population.   For 
populations greater than 1,000 the peaking factor must be calculated based upon given equations. 
These equations were also entered into the model. 
 
The H2OMAP Sewer Pro model applies peaking factors to flows by first adding the population of 
the upstream manholes. Next it applies the appropriate peaking factor from the loaded table based 
on the cumulative population total. This allows the model to develop a unique peaking factor 
based on the upstream population at each manhole node. The peaking factor is applied to the total 
non-peaked flow to that point. 
 
Population calculations were used for calculating peaking factors only.  Actual City population 
projections were not estimated for this project.  Where applicable, residential peaking factor 
populations were calculated using a value of 2.46 people per dwelling unit for existing and future 
conditions. For commercial and industrial land uses, peaking factors were developed from 
equivalent populations, which were simulated by taking the flow rate of the land area (GPD/Acre) 
and dividing by historic usage rate per person of 70 GPD/capita (80 GPD/capita for the future 
conditions). 
 
Proposed pipes in the system were then designed such that the d/D (ratio of flow depth in the 
pipe to the diameter of the pipe) did not exceed 0.75 when the peaked dry weather flow was 
applied. Existing pipes in the system were also checked to see if they exceed 0.75 d/D. 
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3.7 INFLOW AND INFILTRATION 
R18-9-C305.2.05 General Permit: Capacity, Management, Operation and Maintenance of a 
Sewage Collection System requires that the City demonstrate “how to maintain sufficient capacity 
to convey the base flows and peak wet weather flow of a 10-year, 24-hour storm event for all parts 
of the collection system owned or managed by the permittee (City) or under the permittee's 
operational control”   
 
In order to comply with R18-9-C305.2.05, the City included a comprehensive inflow and 
infiltration (I&I) study of the Downtown Service Area as part of this project (see Section 5 - 
Inflow and Infiltration). In the past the City has observed significant flow increases at the 
Downtown WWTP during heavy rainfall events. Based on these observation and the relative age 
of the infrastructure, it was concluded that Downtown was the most susceptible area under wet 
weather conditions. The study determined the magnitude and location of the wet weather 
surcharging on the existing sewer network and includes recommendations for mitigation efforts 
by the City to reduce I&I throughout the system.  
 
The historic inflow and infiltration rate during a 10-yr, 24 hr event, estimated from the I&I study 
was incorporated into the model as a surcharge load in order to demonstrate the collection 
system’s capacity to convey this flow. According to ADEQ standards (R18-9-E301.4.01), peak 
wet weather flow may be determined by adding to the peak dry weather flow “a wet weather 
infiltration and inflow rate based on either a percentage of peak dry weather flow or a gallons per 
acre rate of flow.” The results of the study showed a percent (%) increase in flow during the 10yr, 
24hr storm event due to infiltration and inflow. In the model, the flow increase may be added to 
the dry weather peak flows, by applying a global multiplier to peak dry weather flows or manually 
distributing the known storm surge flow rate from the WWTP amongst the loading manholes in 
the interceptor network.   
 
While determination of inflow and infiltration (I&I) flows was part of the Downtown analysis, it 
was beyond the scope of work for this study for the Hilltop Service Area. Instead all future pipes 
in the Hilltop area were designed to adhere to a depth to diameter ratio (d/D) no greater than 0.75 
during peak dry weather conditions.  In addition, these future pipes will reduce existing peak dry 
weather flows and wet weather surcharging to the existing system as there will now be additional 
piping in the system for flows to be conveyed.  The City may conduct a comprehensive I&I Study 
for the Hilltop area in the future. This would necessitate increased flow monitoring efforts at 
multiple locations in the system prior to and during the rainy season to track increased flows due 
to I&I. Significant storm events could potentially cause adverse surcharging in pipes that are 
currently flowing at or near full flow capacity in the peak dry weather conditions. It should be 
noted that newly constructed sewer is typically less prone to I&I flow, therefore it is unlikely that 
any of the recommended sizing for proposed interceptors in this report will need to be modified 
once peak wet weather flow is determined. Depending on the findings of the future I&I study, 
recommendations for upsizing existing facilities may need to be expanded or a plan developed to 
remediate I&I sources in the Hilltop Service Area.  
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4.0 2014 INTERCEPTOR MODELING 
 
The goal of the 2016 interceptor modeling is to create a hydraulic simulation of the City’s 
wastewater collection system as it currently exists.  The models were created using information 
provided by the City (CAD drawings, mapping, record drawings, influent flows, etc.), field survey 
of interceptor manholes, and wastewater flow measurement.  The results of this modeling are 
intended to show how the current (2016) interceptor system performs under current loading 
conditions. 
 

4.1 PHYSICAL MODEL 
In order to develop the interceptor model the first step was to create the physical elements.  The 
input data for the model mathematically simulates the physical characteristics of the interceptor 
system.  The input data used for the simulation is as follows: 
 
 Manhole Information 

Location (Northing & Easting) 
Rim Elevation 
Invert Elevation 
Pipe Connectivity 

 Pipe Information 
Pipe Size (Diameter) 
Pipe Length 
Pipe Slope (From Inverts & Pipe Length) 
Pipe Roughness (Manning’s n=0.013)

 
 
As previously stated, the input data was gathered through meetings and coordination with the 
City, record drawings, and field survey of manholes within the interceptor system.  The results of 
this physical modeling are best depicted in maps of the existing systems which are shown in 
Exhibit 4.1.1 - 2016 System Map – Hilltop and Exhibit 4.1.2 – 2016 System Map – 
Downtown. 
 
The existing models include the latest improvements to the network including one interceptor that 
is currently in the design phase called the Mohave Channel Sewer Line. Installation of this sewer 
pipe will likely begin within one year and will serve portions of Walleck Ranch and Mohave 
Country Club Estates Unit 3. The 12 inch interceptor, which runs along the north bank of the 
Mohave Wash, was sized by the City for build-out of the contributing area (i.e. existing and future 
flows). 
 
There are a number of flow splits at various locations throughout the City’s system (see Table 
2.2.3 in Section 2.2 Interceptor Manhole Survey). H2OMAP Sewer is capable of splitting the 
sewer flows automatically based on invert elevations and downstream pipe slope. However, in 
some cases it becomes necessary to input a flow split criteria at a given manhole structure, e.g. 
when pipes switch from open-channel (free surface) and switch to pressurized flow. The manual 
flow split can be based on a simple percentage of incoming flow (other methods are also available). 
For the 2016 Scenario, there are six manual flow splits, all in the Hilltop Service Area. These were 
added to refine the model based on the flow monitoring results.   
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4.2 SEWERSHED DEFINITIONS 
After the physical model was created, sewersheds were defined for areas that contribute to each 
interceptor from the existing service area. This was completed using the latest available 
topography, aerial photography, as-builts and other available data. Aerial photographs were used 
to determine if homes were built within the platted subdivisions, or commercial and industrial 
developments in non-residential areas.  Empty parcels within partially developed subdivisions 
were not considered to contribute flow to the system.  Subdivisions that were platted but 
construction had not begun were not considered to contribute flow to the system. Developed 
areas that are not connected to the sewer system (i.e. lots with septic systems) were not shown as 
contributing.  Maps of the defined sewer sheds within the system are shown in Exhibit 4.2.1 - 
2016 Sewershed Map – Hilltop and Exhibit 4.2.2 – Sewershed Map –Downtown.  

Sewersheds include all land within a given area of the project planning boundary that ultimately 
outfalls at a certain location on the sewer network. The 2016 Sewershed Maps only highlight 
those areas within the “ultimate sewer shed” that are currently contributing. In other words, the 
boundary of an existing sewer shed may expand in future model scenario if the contributing area 
is not currently built out.  

A sewer infrastructure drawing, provided by the City, which incorporated every sewer pipe in the 
collection system (not just interceptors), was used to determine the exact sewer shed delineations. 
This map of the entire sewer collection system is available online through the County’s GIS 
website.  

4.3 SEWER CONNECTIONS & FLOW CALCULATIONS 
The number of sewer connections in each sewershed was calculated using aerial imagery, a list of 
active sewer customers provided by the City, and parcel shapefiles. Each parcel within a sewershed 
is assigned an existing downstream manhole on the interceptor network where it ultimately 
contributes sewer flow. Sewersheds were further broken down into sub-basins made up of all the 
parcels that contribute flow to a specific manhole. All the flows from individual sub-basins make 
up the total sewer shed outfall flow. The sub-basins are not shown on Exhibit 4.2.1 or 4.2.2; 
however, they may be viewed in the H2OMAP Sewer interceptor model. The software allows you 
to store the outfall manhole data associated with each parcel within the parcel shapefile itself. 
Total acreage for each sewer shed is found in Appendix H - 2016 Sewer Shed Legends.   

The sewer flow calculations in the model simulate the current (2016) flows within the interceptor 
system. Each manhole in the system was allocated specific parcels that are associated with a land 
use defined by the Zoning or the General Plan 2030. In order to simulate flows, each manhole 
was “loaded” with a flow rate using the Load Allocator. Loads were calculated by multiplying the 
allocated parcels acreage by the unit load (cfs/acre) for the parcel’s land use.  This simulated the 
average daily flow (ADF) from each developed parcel within the system. Later, peaking factors 
were applied in accordance with Section 3.6, to obtain the ultimate peak flow (design flow). 
Known Loads from SIUs were also entered into the model manually but were stored separately 
from the Allocated Loads in the model database.  
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Per the City’s request, Known Loads from committed parcels were also entered into the model. 
All committed loads were entered as additional flow after the calibration of the model with existing 
loading only. Committed parcels are residential developments that will likely connect to the system 
in the immediate future. All committed parcels are located within the Hilltop Service Area. These 
flows were stored separately in the model database from the Allocated Loads and Known Loads 
for existing connections. The outfall manhole data associated with each committed parcel was also 
stored within a separate committed parcel shapefile. This shapefile, although not used for this 
project, will allow the City to use the Load Allocator for these areas. The City may decide, at a 
later date, to utilize Allocated Loads instead of Known Loads for the committed parcels. 
 
The purpose of adding the committed loading onto the Existing (2016) Scenario was to determine 
the true excess capacity (or deficiencies) of the system if all committed parcels were to be built-
out within the project planning boundary (See Figure 4.3.1). The City believed it was in the best 
interest of the public to analyze the available capacity of the existing interceptors under these 
loading conditions. Available or excess capacity is defined as the additional flow that may be added 
to existing flows while maintaining a d/D of 0.75 in peaked dry weather conditions. Without 
loading the committed developments, the apparent excess capacity in a given interceptor may have 
been misrepresented because, in reality, that capacity was already reserved. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The respective flow loads within the Manhole Hydraulic Model Data Table (within the model 
database) are as follows:    
 

 LOAD 1 – Allocated Loads based on the existing (2016) connections 
 LOAD 2 – Known Loads based on given flow rates from SIUs (2016) 
 LOAD 3 – Allocated Loads based on the committed connections 
 LOAD 4 – Known Loads based on given flow rates for committed connections 

 
 
 
 
 

      Table 4.3.1 – 2016 Load Data – Hilltop 

Figure 4.3.1



CITY OF KINGMAN 
WASTEWATER MASTER PLAN UPDATE & INFLOW/INFILTRATION STUDY  
 28 

Model Load Data ADF (MGD) 
LOAD 1 2.17 
LOAD 2 0.10 
LOAD 3 0.00 
LOAD 4 0.50 

 
      Table 4.3.2 – 2016 Load Data - Downtown 

Model Load Data ADF (MGD) 
LOAD 1 0.46 
LOAD 2 0.04 
LOAD 3 0.00 
LOAD 4 0.00 

 
All land within the project planning boundary was divided into five main categories (Section 2.4), 
Existing, Existing Committed, Septic, Vacant (Future Connections), and Vacant (Restrictive 
Slope). Septic, Vacant (Future Connections), and Vacant (Restrictive Slope) parcel areas are not 
considered to be contributing to the system within the Existing (2016) Scenario model. Septic 
parcels, i.e. existing lots that are currently being serviced by individual on-site treatment systems, 
will eventually be connected to the City’s sewer system but are not simulated until the Future 
Scenario.  
 
The total flow output per land use type (Allocated Loads) and metered flow data from SIUs 
(Known Loads) applied to the model is shown in Appendix E - 2016 Flow Data. The total given 
flow data from committed developments (Known Loads) applied to the model is also shown in 
Appendix E. 
 
 

4.4 MODEL CALIBRATION 
Creating the existing conditions scenarios was a critical step in the modeling process, as all other 
scenarios (I&I and Future) build upon the 2016 Scenarios.  As such, great care was taken to 
calibrate the model and ensure that modeled flows were as representative of actual flows as 
possible. Calibration efforts included: 
 

1. Comparison of modeled flow rates (ADF and peak flows) against flow monitoring results. 
2. Investigation of zoned density versus actual density and adjusting the loading factors 

accordingly. 
3. Other load factor adjustments were made based on occupancy data (person per dwelling 

unit) and capita flow rates (gallons per person per day). For instance, daily flow per capita 
was reduced to 70 gallons/capita/day and occupancy for various residential uses wer also 
adjusted. 

4. Investigation of flow split locations throughout the interceptor network and applying 
manual flow splits as necessary to match existing conditions.  

 
To review all of the adjustments that were made to the model loading factors, compare the Initial 
versus the Calibrated Loading Tables in Appendix E. When calibrating an interceptor sewer 
model it becomes problematic to match flow monitoring results exactly at each flow monitoring 
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location throughout the system. Instead a close, preferably more conservative, representation of 
existing system flows is attained. Such was the case when calibrating the Hilltop and Downtown 
interceptor models.  
 

4.5 INTERCEPTOR MODELING RESULTS 
Once the physical model described in Section 4.1 was loaded with the sewer flows described in 
Section 4.3 to create the completed interceptor sewer models, simulations were run with peaking 
factors (Section 3.5) for the Existing (2016) Scenarios.   
 
In general, the 2016 interceptor modeling showed that the existing interceptor system is adequate 
to convey the existing Average Daily Flow, and Dry Weather Peaked Flow. However, there is one 
area of concern at this time for the Hilltop interceptor system. The Dry Weather Peaked Flows 
cause surcharging over full flow capacity at the intersection of Jagerson and N Bank Street. The 
locations of this sections of pipe is clearly shown in red on Exhibit 4.5.1 – 2016 d/D Map – 
Hilltop. 
 
The model also revealed sections of pipe that exceed 0.75 d/D under dry weather peaked 
conditions at various locations on the main outfall interceptor for the Downtown system. The 
locations of these sections are clearly shown in red on Exhibit 4.5.2. 2016 d/D Map – 
Downtown. 
 
The total flow at the outfall from the models is compared with the actual total outfall flows 
recorded by the City at the WWTPs in Table 4.5.1 – 2016 Outfall Flows – Hilltop and Table 
4.5.2 – 2016 Outfall Flows – Downtown. 
 

Table 4.5.1 – 2016 Outfall Flows – Hilltop* 
Location/Source ADF, MGD Peak, MGD 

Hilltop WWTP/Sewer Model 2.27 3.90 
Hilltop WWTP/Flow Monitoring 1.56 2.91 

       * Excludes committed flows. 
 

Table 4.5.2 – 2016 Outfall Flows – Downtown 
Location/Source ADF, MGD Peak, MGD 

Downtown WWTP/Sewer Model 0.50 0.96 
Downtown WWTP/Flow Monitoring 0.26 1.01 

        
Appendix E – 2016 Flow Data shows the calibration data comparing the model flows with the 
actual flows at each of the flow monitoring sites.  
 
 

4.6 2016 RECOMMENDATIONS 
The 2016 interceptor modeling showed that most of the existing interceptor system is adequate 
to convey the existing and committed flows experienced by the system for Average Daily Flow 
and Dry Weather Peaked Flow. Only one improvement is recommended at this time for the 
Hilltop interceptor system.  
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Hilltop Service Area 
To relieve the surcharging on the Jagerson Avenue interceptor, a portion of the 10 inch interceptor 
should be upsized to a 12 inch pipe (Project 1). The majority of the Jagerson Avenue interceptor 
can convey the existing dry weather peaked flows at 0.75 d/D, however, from the intersection 
with N Bank Street and 250 feet to the east, sewer flow exceeds the full flow capacity of the pipe. 
It should be noted that under the future load conditions (see Section 6.5 Future 
Recommendations) a parallel interceptor will be required along Jagerson Avenue from N Bank 
Street to the Mohave Wash. Rather than spend money replacing the 250 feet of interceptor for 
existing loading conditions, the City may wait and apply those funds for a larger CIP project 
recommended under future loading conditions. In the interim the City can monitor this location 
which, although it is exceeding full flow capacity, is experiencing only minor surcharging.  
 
There are no other improvements recommended for the Hilltop system. Several locations are 
approaching the 0.75 d/D capacity. These locations should be monitored during wet weather 
conditions to determine the magnitude of the storm surge on a case by case basis. Exhibit 4.6.1 - 
2014 Recommendations Map shows the pipes that will require replacement due to lack of 
capacity.  Figure 4.6.1 - 2014 Recommendations Cost Estimate shows the cost estimates of 
the removal and replacement of the recommended improvements. Pipe segment lengths shown 
on the estimate are approximate, true lengths will be determined in final design. 
 
Downtown Service Area 
There are no improvements recommended for the Downtown system under existing dry weather 
peaked flows. However, under existing peak wet weather conditions the interceptor network and 
the Downtown WWTP experience significant storm surge. Section 5.0 Inflow and Infiltration 
investigates the magnitude and potential sources of I&I in the system. All recommended 
improvements for the Downtown Hilltop Service Area focus on the mitigation of I&I sources 
rather than sizing larger interceptors for the system.  
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5.0 INFLOW & INFILTRATION 
 
As mentioned in Section 3.7, in order to comply with R18-9-C305.2.05, the City requested a 
comprehensive inflow and infiltration (I&I) study of the Downtown Service Area. Based on 
observed flow increases at the Downtown WWTP during rainfall events and on the condition of 
the infrastructure, this area was determined to be the most critical for I&I. The purpose of the 
study is to determine the magnitude and location of the wet weather surcharging on the existing 
sewer network and develop recommendations for reducing I&I throughout the system. 
 
 

5.1 FLOW MONITORING & RAIN GAUGE RESULTS 
In order to model the effects of I&I on the Downtown Service Area, storm surge data from actual 
rain events needed to be collected. This was accomplished by monitoring flows at multiple 
locations in the system (including the WWTP) prior to and during a storm. Exhibit 2.5.2 – Flow 
Monitoring Map shows the location of the flow monitoring sites, as well as, a summary table of 
the data collected. Appendix D gives a more complete chart showing the observed flows for the 
entire monitoring period for each site. Rainfall data was also collected from various rain gauge 
sites located within the project vicinity. Exhibit 2.6.1 – Rain Gauge Map shows the location and 
names of all of the rain gauge sites, as well as, dates and measurements for each storm event. 
Appendix C gives a complete breakdown of all the data logged for rainfall during the analysis.  
The main purpose for tracking rainfall data in the City was to determine the effects of various 
sized storm events on the flow capacity of the interceptor network. Every peak flow event 
recorded during flow monitoring both at the WWTP and at the flow monitoring sites was 
compared to the rainfall data. This involved determining the location, time, duration and 
magnitude of each of the storms that hit during a peak flow period. If a significant storm event 
occurred directly before a “spike” was registered at a flow monitoring site, causation was usually 
inferred; especially if the storm event took place in the vicinity of the monitoring site. Using this 
method was useful in distinguishing the wet weather peak flows from the dry weather peak flows. 
The combination of rainfall and flow monitoring data was utilized in determining the inflow and 
infiltration rate during the design storm.  
 
The design storm for an I&I analysis should be based on the 10 year-24 hour storm event per 
ADEQ standards. However, the City did not experience a 10yr-24hr storm during the flow 
monitoring period. Instead, a representative storm was selected to approximate the effects of the 
design storm on the interceptor network. The storm that was selected on occurred on 8-13-15. 
This rainfall event caused the greatest wet weathering peaking observed during flow monitoring 
both at the WWTP and at a majority of the flow monitoring sites. While the overall rainfall depth 
and duration was less than the 10yr-24hr storm, the event experienced intensities greater than the 
average intensity of the 10yr-24hr event. According to the NOAA Atlas 14 isopluvial for Kingman, 
the 10yr-24hr rainfall depth is roughly 2.8 inches. This translates to an average intensity of 0.12 
in/hr.  The max intensity recorded for the selected event was 0.8 in/hr. The storm occurred 
approximately between 1:20 PM and 6:40 PM and the Downtown WWTP recorded the greatest 
peak flow that was observed during the flow monitoring period at 6:21 PM  
 
 



CITY OF KINGMAN 
WASTEWATER MASTER PLAN UPDATE & INFLOW/INFILTRATION STUDY  
 33 

Note: A 10yr-24hr event will experience max intensities greater than average intensity of 0.12 
in/hr. The storm may or may not experience max intensities greater than 0.8 in/hr. However, 
given that the storm event on 8-13-15 registered intensities greater than the average intensity of 
10yr-24hr event and caused the largest flow peak at the WWTP, it was selected as the design storm 
for the analysis. This represented the best available data to base storm surge calculations upon. 
Also, instantaneous peaks from slug loads recorded at the plant were not considered true peaked 
flow events for the system. 
 
Utilizing the flow monitoring data results, it was determined that the storm surge on the system 
from the design storm was 1.67 cfs (1.08 MGD). Flow monitoring data collected at the plant 
during the storm was compared to flow monitoring data for the same time period for the day 
before event, the day after the event, and a dry weather day for the same day of the week. The 
storm surge was the difference between the peaked wet weather flow recorded at the WWTP and 
the peak dry weather flow recorded during the same time period at the WWTP.   
 
 

5.2 MODELING RESULTS 
The inflow and infiltration rate during the design storm, estimated from the analysis described in 
Section 5.1, was incorporated into the model as a surcharge load in order to demonstrate the 
collection system’s capacity to convey this flow. The wet weather flows were added to the dry 
weather peaked flows by manually distributing the known storm surge flow rate from the WWTP 
amongst the loading manholes in the interceptor network 
 
Based on the flow monitoring results, several areas within Downtown contributed very minimal 
storm surge. As such, the manholes in these areas were not loaded with additional storm flow. 
Instead the calculated storm surge for the design storm was distributed among the manholes along 
interceptors known to contribute I&I flows. The respective flow loads within the Manhole 
Hydraulic Model Data Table (within the model database) for the I&I Scenario are as follows:    
 

 LOAD 1 – Allocated Loads based on the existing (2016) connections 
 LOAD 2 – Known Loads based on given flow rates from SIUs (2016) 
 LOAD 3 – Not used 
 LOAD 4 – Known Loads based on estimated I&I flow rates 

 
                        Table 5.2.1 – I&I Load Data 

Model Load Data ADF (MGD) 
LOAD 1 0.46 
LOAD 2 0.04 
LOAD 3 0.00 
LOAD 4 1.08 

 
The contributing areas include all land within the project planning boundary designated as 
Existing, and Existing Committed. Septic, Vacant (Future Connections), and Vacant (Restrictive 
Slope) parcel areas are not considered to be contributing to the system within the I&I Scenario 
model. 
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The total flow output per land use type (Allocated Loads) and metered flow data from SIUs 
(Known Loads) applied to the model remains unchanged from the Existing (2016) Scenario. I&I 
flows were added as an additional surcharge flow to the model. Once the physical model was 
loaded, simulations were run with peaking factors (Section 3.5) for the I&I Scenario.   
 
The I&I interceptor modeling indicates that the existing interceptor system is not adequate to 
convey the Wet Weather Peaked Flow. Multiple locations in the existing interceptor system have 
insufficient capacity and therefore are unable to handle the projected flows. The model revealed 
sections of pipe that exceed 0.75 d/D and some minor surcharging under peaked conditions, i.e. 
the hydraulic grade lines of the pipes flowing full are right at the top of pipe or just above it (less 
than 2’). The locations of these sections are shown in red on Exhibit 5.2.1 – 2016 I&I d/D Map 
so that the problem areas can be easily visualized. 
 
The Wet Weather Peaked Flows cause significant surcharging over full flow capacity for the 
following: 
 

 A majority of the 8 inch interceptor running north to south along the Johnson Wash and 
terminating at the Downtown WWTP. This is the main outfall interceptor for the 
Downtown Service Area (MH 36 to MH 44).   

 Approximately 600 feet of 8 inch interceptor running east to west between the Old Trails 
Road and Goldroad Avenue. This is the most westerly portion of the interceptor, close to 
the main Downtown outfall interceptor (MH 142 to MH 155).   

 
The total flow at the Downtown WWTP outfall from the I&I Scenario model is shown in Table 
5.2.2 – I&I Outfall Flows. This table includes outfall flow contributions from both the I&I 
Scenario and the Existing (2016) Scenario. 
 
Table 5.2.2 – I&I Outfall Flows 

Location/Source Scenario ADF, 
MGD 

ADF, 
Cumulative

Instantaneous 
Peak, MGD 

Peak, 
Cumulative 

Downtown 
WWTP/Sewer Model 

2016 0.50 0.50 0.96 0.96 

Downtown 
WWTP/Sewer Model 

I&I 1.08 1.58 1.08 2.04 
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5.3 FIELD INVESTIGATION 
As part of the I&I study, an extensive field investigation was conducted to identify the main 
sources of inflow and infiltration within the Downtown Service Area. Typical I&I sources include 
the following: 
 
Inflow 

 Vented or Damaged Manhole frame and cover 
 Cross Connections from storm drain facilities 
 Roof Drain Connections to the sanitary sewer 
 

Infiltration 
 Groundwater Seepage into cracked/damaged sewer pipes 
 Groundwater Seepage into cracked/damaged sewer manholes 

 
The field investigation was broken into two phases. Phase one involved a visual inspection of the 
majority of the manholes in the system along interceptor and non-interceptor sewers. While 
walking or driving the sewer alignments, infiltration sources and potential storm drain connections 
were also identified. Any storm drain facilities (catch basin, scupper, etc.) adjacent to a manhole 
or sanitary sewer pipe were noted during this investigation. Sewer pipe located directly in or 
adjacent to a wash or exposed drainage channel was also identified for infiltration potential. Sewers 
located below a pervious surface (gravel, dirt, turf, etc.) were also identified; however, potential 
for infiltration at these locations is minimal. The type and condition of each manhole varied greatly 
throughout the system. Also, based on the relative location of the facility to a drainage path, the 
potential risk for inflow to the system also varied. General categories were developed to describe 
the characteristics of the manholes that were inspected. The categories, ranked in order of 
potential inflow risk, are: 
 

 Highly Susceptible – Varied risk factors: visually damaged manhole frame/cover, located 
in a drainage path, manhole adjacent to a storm drain facility, etc. These manholes did not 
fit into any other category identified during the field visit but still represented high risk to 
the system for inflow. 

 
 Vented, in drainage – Multiple holes in the manhole cover and located within a drainage 

path.  
 

 Partially Vented, in drainage – 3 or less holes in the manhole cover and located within a 
drainage path.  
 

 Non-Water Tight, in drainage – Any visible gap between the frame and cover and located 
within a drainage path. 
 

 Solid Rim, in drainage – No visible gap between frame and cover and located within a 
drainage path.  
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 Vented – Multiple holes in the manhole cover 

 
 Partially Vented – 3 or less holes in the manhole cover 

 
 Non-Water Tight – Any visible gap between the frame and cover 

 
 Solid Rim – No visible gap between frame and cover 

 
 Not Found, Inaccessible – Manhole was not located during the investigation  

 
Pictures were taken of most of the manholes inspected during the field investigation Examples of 
each category may be found in Appendix L. Exhibit 5.3.1 – I&I Map shows the location of 
every manhole in the Downtown system and color coding to identify risk potential based on the 
above descriptions. 
 
The second phase focused solely on potential roof drain connections within the historic 
Downtown business/residential district. The bounds of this district are approximately Andy 
Devine Avenue (Historic Route 66) to the south, 1st Street to the West, Chestnut Street to the 
north and 10th Street to the east. This area was identified by the City for having the most potential 
for this type of inflow. Potential for roof drain connections outside of this area was very low. This 
task involved an inspection of the buildings that fell within the area of concern. In most cases, 
access from public sidewalks and alleys was sufficient to inspect the entire exterior of a building. 
Local residents and business owners were also accommodating in allowing access to their 
properties. However, in some cases, limited accessibility to the property impeded visibility to the 
entire building. Exhibit 5.3.2 – Drain Connections Map shows the location of sites identified 
during this investigation and color codes each property according to risk potential. Sites where a 
likely outfall for the roof drain was identified are coded green. If an outfall was discovered but 
connectivity with the roof drain line was inconclusive, the site was coded yellow. If no outfall was 
discovered and the location of the roof drain termination was underground, the site was 
considered high risk for a potential roof drain connection and coded red. Each site was also given 
a number. These numbers correspond to pictures and descriptions in Appendix M. Some of the 
facilities identified in this analysis were not roof drains but another potential source of inflow to 
the system.  
 
 

5.4 INFLOW & INFILTRATION RECOMMENDATIONS 
The modeling results from the I&I Scenario showed that portions of the existing interceptor 
system in the Downtown Service Area were not adequate to convey the Wet Weather Peaked 
Flow without causing significant surcharging. The City’s goal is to reduce I&I flows in this area to 
a manageable level. As such, all recommendations for the I&I scenario are for remediation on the 
existing infrastructure, rather than upsizing existing pipe sizes or running parallel sewer lines. A 
map showing the recommendations based on the I&I modeling and field investigation is shown 
in Exhibit 5.4.1 – 2016 Recommendations Map - Downtown. Only one critical improvement 
project is recommended at this time (Project 2) but it encompasses the entire Downtown Service 
area. This project involves remediation of all 46 manholes in the system which have the highest 
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inflow potential. These 46 manholes fall within the top 3 risk categories discussed in Section 5.3 
and are shown on Exhibit 5.3.1.  
Figure 5.4.1 – I&I Recommendations Cost Estimates show the cost of remediating the high 
risk manholes. The intent behind these estimates is to provide the City with a range of options for 
addressing inflow at these locations. Table 5.4.1 also lists the remediation options and associated 
costs. It is recommended that the most economical option that effectively reduces or eliminates 
inflow risk should be selected. The City will likely utilize a combination of these options to reduce 
inflow to their system.  
 
                  Table 5.4.1 – I&I Remediation Options 

Remediation Description Unit Unit Price 
Manhole Inserts EA $80.00 
Manhole Cover EA $460.00 
Replace Manhole Frame and Cover EA $1,838.00 
Curtain or Probe Grouting EA $1,200.00 
Manhole Lining EA $8,000.00 
Manhole Removal & Replacement EA $14,500.00 

 
It is also recommended that the City allocate time for staff to visit each of the properties identified 
on the Exhibit 5.3.2 Drain Connections Map to verify the outfall location of the roof drains. If 
an outfall cannot be located, the City should partner with the property owner in re-routing the 
drains to outfall to the historic drainage path. The City should also allocate time for the facilities 
maintenance staff to utilize the CCTV inspection cameras at their disposal to investigate the 
interceptor system for storm drain cross connections at the locations indicated on Exhibit 5.3.1 
– I&I Map. 
 
Other improvements are not recommended at this time, however, the City may choose to budget 
for future remediation of manholes that fall within the lower risk categories (e.g. Non-Water Tight, 
In Drainage). Infiltration remediation is not recommended at this time until inflow concerns are 
addressed. However, a line item has been included in the cost estimate for CIPP (cured-in-place 
pipe) remediation of the sewer interceptors if the City chooses to address infiltration in the future. 
The unit price is based on the ultraviolet light curing method for CIPP. 
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6.0 FUTURE SERVICE AREA MODELING 
 
The goal of the interceptor modeling for the Future Scenario – Hilltop is to create a hydraulic 
simulation of the City’s wastewater collection system assuming all development within the study 
area is completed. The results of the modeling are intended to show how the City’s interceptor 
system (current and projected) performs and provide a planning tool for future loading conditions. 
This model was created using information from the previous model scenarios, plus available 
topography in future development areas. 
 
 

6.1 PHYSICAL MODEL 
The Future Scenario model expands upon the Existing (2016) Scenario physical model, extending 
the City’s interceptor sewers, adding new interceptors to areas not currently serviced by the system, 
and adding parallel facilities along overtaxed existing interceptors. These new pipes and manholes 
were schematically located (horizontally and vertically) using existing mapping and topographic 
information. Model input included the proposed pipe sizes, manhole rim elevations, pipe lengths, 
and inverts.  Pipe slopes are based on invert input information and ADEQ minimum slopes 
required to maintain a cleaning velocity of two feet per second. Initial input data was modified, as 
necessary, during the iterative modeling process to determine appropriate sizing and slopes of 
proposed interceptors.  
 
Additional flow splits that were created in the Future Scenario from adding parallel facilities are 
automatically calculated based on the pipe invert elevations whenever possible. New manual flow 
splits become necessary in some locations to maximize the capacity of the system. Some examples 
of this were the manual flow splits created along the Mohave Wash Outfall interceptors. Multiple 
flow splits were created along the existing Mohave Wash Outfall interceptors to push flow north 
into the new proposed parallel interceptor (Project 5). 
 
It should also be noted that the original outfall for the Eagle View Subdivision and Prairie Heights 
Subdivision was the Jagerson Avenue interceptor. In this scenario flows that were originally 
heading south from these developments were intercepted and redirected west into the new 
proposed 15” and 12” interceptor in Grace Neal Boulevard (Project 6).  
 
See Exhibit 6.1.1 - Future System Map for the Future Scenario proposed pipe extensions and 
additions.   
 
 

6.2 SEWERSHED DEFINITIONS 
Sewershed areas were expanded to include all land within the project planning boundary.  The 
contributing areas for the interceptor extensions discussed in Section 6.1 were defined using the 
latest available topography, aerial photography, as-builts, and other available data. Exhibit 6.2.1 – 
Future Sewershed Map shows a map of the defined sewer sheds within the Future Scenario 
system. 
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6.3 SEWER CONNECTIONS & FLOW CALCULATIONS 
The number of sewer connections in each sewer shed was calculated using the parcel shapefiles 
and City’s land use data. The designated land use for each parcel was defined by the General Plan 
2030 Map for all undeveloped land within the project planning boundary.  The land use was then 
used to estimate the number of connections. Exhibit 6.2.1 - Future Sewershed Map shows the 
future areas contributing flow to the system. Total acreage per sewershed is found in Appendix 
H- Sewershed Legends – Hilltop. 
 
The sewer flow calculations are the portion of the modeling that simulates the projected flows 
that are anticipated within the interceptor system once the future land is fully developed according 
to the designated land use. In addition to the loadings for the existing scenario, each manhole in 
the system was allocated specific parcels, not yet represented in previous scenarios, associated with 
a land use defined by the General Plan 2030. Flows were simulated in a manner similar to the 
previous scenarios; each manhole was allocated future parcels and “loaded” with a flow rate using 
the Load Allocator. This simulated the average daily flow (ADF) from existing, committed, and 
future parcels within the system. Later, peaking factors were applied in accordance with Section 
3.6, to obtain the ultimate peak flow (design flow). As in the 2016 Scenario, the outfall manhole 
data associated with each parcel was stored within a separate future parcel shapefile. 
 
Known Loads from future developments are typically entered into the model manually for 
individual developments projected to contribute significant flows to the system. The flows are 
then stored separately from the Allocated Loads in the model database. For this project, however, 
all of the future loading was done with the Load Allocator and no future Known Loads were 
added to the model.  
 
The respective flow loads within the Manhole Hydraulic Model Data Table (within the model 
database) are as follows:  
 

 LOAD 1 – Allocated Loads based on the existing (2016) connections 
 LOAD 2 – Known Loads based on given flow rates from SIUs (2016) 
 LOAD 3 – Allocated Loads based on the committed connections 
 LOAD 4 – Known Loads based on given flow rates for committed connections 
 LOAD 5 – Allocated Loads based on the future connections 
 LOAD 6 – Known Loads based on given flow rates for future connections 

 
 

      Table 6.3.1 – Future Load Data 
Model Load Data ADF (MGD) 

LOAD 1 2.17 
LOAD 2 0.10 
LOAD 3 0.00 
LOAD 4 0.50 
LOAD 5 19.22 
LOAD 6 0.00 
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The Future Scenario includes all land within the project boundary designated as Existing, Existing 
Committed, Septic and Vacant (Future Connections). The assumption is that septic areas will 
ultimately connect to the centralized sewer network once individual septic systems near the end 
of their design life. Vacant (Restrictive Slope) parcel areas are not considered to be contributing 
to the system within the Future Scenario model. 

The total flow output per land use type (Allocated Loads) and given flow data from Future 
Developments (Known Loads) applied to the model is shown in Appendix F - Future Flow 
Data. The flows entered in the 2016 modeling for the Future Service Area remains unchanged, 
the future flows were added as additional flow to the model. The generated flows were added 
throughout the model based on anticipated location of connection to the future interceptor 
system. 

6.4 INTERCEPTOR MODELING RESULTS 
Once the physical model described in Section 6.1 was loaded with the sewer flows described in 
Section 6.3 to create a completed interceptor sewer model, simulations were run with peaking 
factors (Section 3.5) for this Future Scenario.   

The future interceptor modeling showed that the existing interceptor system is not adequate to 
convey the future Average Daily Flow, nor Dry Weather Peaked Flow. Multiple locations in the 
interceptor system are under capacity and therefore unable to handle the projected flows The 
model revealed sections of pipe that exceed 0.75 d/D and sections with minor surcharging under 
peaked conditions, i.e. the hydraulic grade lines of the pipes flowing full are right at the top of pipe 
or just above it (less than 2’). It also revealed sections of pipe experiencing significant surcharging 
(2’ or greater).  

The Dry Weather Peaked Flows caused significant surcharging over full flow capacity for the 
following: 

 10-inch Jagerson Avenue interceptor west of the Mohave Wash (MH 321 to MH 263)
 14 and 15-inch Shangrila Drive, Kino Ave and Arizona Street interceptor south of the

Mohave Wash (MH 521 to MH 525 and MH 530 to MH 228)
 15 and 18-inch Mohave Wash Outfall interceptor from the Hilltop WWTP south to Bank

Street and Gordon Drive (MH 154 to 217)
 6-inch Fairgrounds Avenue interceptor north of AZ Highway 66 (MH 657 to MH 661)
 8-inch Marlene Avenue and Van Buren Street interceptor north of Hualapai Mountain

Road (MH 73 to MH 83)
 8, 10 and 15-inch Stockton Hill Road, Hillcrest Drive, Glen Road, Kino Avenue and

Willow Road interceptor south and west of the Walleck Ranch Subdivision (MH 418 to
MH 429 and MH 433 to MH 444)

 12-inch Washington Street and Eastern Street interceptor south of AZ Highway 66  and
across Interstate 40 to Kenwood Avenue (MH 492 to MH 504 and MH 507 to MH 517)
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Wherever significant surcharging was observed a parallel interceptor was added to the system to 
provide relieve to that section of pipe. This was part of the iterative process to build the Future 
system model. All new interceptors added to the model were appropriately sized to carry Average 
Daily Flow and Dry Weather Peaked Flow. After adding the parallel facilities to relieve significant 
surcharging, problem areas on Future Scenario model consist only of minor surcharging issues on 
existing lines.  
 
The total flow at the Hilltop WWTP outfall from the Future Scenario model is shown in Table 
6.4.1 – Future Outfall Flows, which includes flow contributions from the Future Scenario 
(Known and Allocated), as well as, flows from the Existing (2016) Scenario 
 
Table 6.4.1 – Future Outfall Flows 

Location/Source Scenario ADF, 
MGD

ADF, 
Cumulative

Peak, 
MGD 

Peak, 
Cumulative

Hilltop WWTP/Sewer Model 2016 2.77 2.77 4.68 4.68 
Hilltop WWTP/Sewer Model Future 19.22 21.99 29.33 34.01 

 
The total outfall flows from the interceptor modeling for the Future Scenario are higher than 
outfall flows projected in previous sewer master plan reports. This was expected due to changed 
conditions since the last model update. The first reason for the difference in flow is related to the 
completion of a new General Plan and the resulting changes in land use. And the second reason 
is an expanded service area boundary.  
 

6.5 FUTURE RECOMMENDATIONS 
The modeling results were used to determine the master-planned pipe sizes and locations for 
future flow conditions within the existing system and expanded Future Service Area. Multiple 
expansions to the interceptor system have been proposed to serve future development in these 
areas. All interceptors were sized to accommodate future peaked dry weather flow at 0.75 d/D. 
The expansions include extensions to existing interceptors, as well as, construction of new major 
interceptors. The new lines include the following: 
 

 8, 12, 15 and 18-inch interceptor along Grace Neal Boulevard between Stockton Hill Road 
and the Mohave Wash (Project 6) 

 12, 15 and 18-inch interceptor running along the north half of Sec 36 T22N-R16W (south 
of the airport), across AZ Highway 66 and along Thompson Avenue and Rose Drive to 
the Mohave Wash (Project 7) 

 8, 12, 21 and 24-inch interceptor along Amigo Road/Gordon Drive, across AZ Highway 
66 and along Diagonal Way and Castle Rock Road (Project 8) 

 8 and 12-inch interceptor along Seneca Street, across Interstate 40 and Castle Rock Road, 
and north along AZ Highway 66  to Diagonal Way (Project 9) 

 12 and 15-inch interceptor along Mohave Drive (aka Rancho Santa Fe Parkway), across 
Interstate 40 to Gordon Drive (Project 10) 

 8 and 12-inch interceptor along Stockton Hill Road, College Drive, Sierra Road and Devlin 
Avenue to Powell Avenue (Project 11) 
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 8-inch interceptor east of Stockton Hill Road, along John L Avenue to Powell Avenue to 
the Mohave Wash (Project 12) 

 8-inch interceptor southwest of Sec 24 T22N-R17W, west to Stockton Hill Road (Project 
13) 

 8-inch interceptor along Stockton Hill Road, northwest of Sec 24 T22N-R17W to Grace 
Neal Boulevard (Project 14) 

 8-inch interceptor along Cherum Road from Fountain Hills Road to Grace Neal Boulevard 
(Project 15) 

 8-inch interceptor along Illinois, east of Sec 18 T22N-R16W, from Grace Neal Boulevard 
to south of Calle Allende (Project 16) 

 8-inch interceptor along Bank Street, west of Sec 17 T22N-R16W, from Grace Neal 
Boulevard to south of Calle Allende (Project 17) 

 8-inch interceptor between Sec 17 and Sec 16 T22N-R16W, from Grace Neal Boulevard 
to south of Calle Allende (Project 18) 

 10-inch interceptor along north Avenida Verde, east of Sec 16 T22N-R16W, from Grace 
Neal Boulevard to south of Calle Allende (Project 19) 

 12 and 15-inch interceptor east and south of the Hilltop WWTP, across AZ Highway 66 
and Grossman Road to Charles Drive, south to Grounds Ranch Road (Project 20) 

 8 and 12-inch interceptor along Northern Avenue and Norrie Drive to Thompson Avenue 
(Project 21) 

 12-inch interceptor along the east side of AZ Highway 66 to Thompson Avenue (Project 
22) 

 12-inch interceptor along Castle Rock Road between Gordon Drive and Northern Avenue 
(Project 23) 

 8-inch interceptor along Prospector Street, south of Gordon Drive and north of Airway 
Avenue (Project 24) 

 8-inch extension along Airway Avenue from Prospector Street to north of Mohave Drive 
(Project 25) 

 8-inch extension along Santa Rosa Drive and Diamond Joe Road from the Hualapai 
Mountain Campus to the east of Wagon Wheel Drive (Project 26) 

 8-inch interceptor along Santa Rosa Drive across Interstate 40 from the Hualapai 
Mountain Campus to south of Interstate 40 (Project 27) 

 8-inch extension along Interstate 40 between Prospector Street and Mohave Drive (Project 
28)* 

 8-inch interceptor along Southern Avenue between Cherokee Street and Seneca Street 
(Project 29) 

 8 and 12-inch interceptor along El Paso Road between Mohave Drive and east of Durango 
Drive (Project 30) 

 8-inch interceptor along Siesta between Mohave Drive and east of Durango Drive (Project 
31) 

 12-inch interceptor along Interstate 40 between Mohave Drive and Durango Drive 
(Project 32)* 

 8-inch extension along Northern Avenue between Sierra Road and the Mohave Wash 
(Project 35) 
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 8-inch extension along Sierra Vista Avenue between Sierra Road and the Mohave Wash 
(Project 36) 

 8-inch interceptor along Gordon Drive between Sierra Road and the Mohave Wash 
(Project 37) 

 8 and 12-inch interceptor along Riata Valley Road between 4th Street and north along 
Western Avenue to Kino Avenue (Project 39) 

 
*See Alternative Alignments discussion in Section 7.0 
 
As expected, future interceptor modeling showed that portions of the existing interceptor system 
were inadequate to convey the future Average Daily Flow and Dry Weather Peaked Flow. There 
are seven critical improvements recommended where existing pipes may be undersized for the 
future conditions.  
 

 To relieve the surcharging on the 10-inch Jagerson Avenue interceptor west of the Mohave 
Wash, will require the construction of an 8-inch parallel line (Project 3).  

 The 14 and 15-inch Shangrila Drive, Kino Ave and Arizona Street interceptor south of 
the Mohave Wash will require the construction of a 12-inch parallel line (Project 4). 

 15 and 18-inch Mohave Wash Outfall interceptor from the Hilltop WWTP south to Bank 
Street and Gordon Drive will require the construction of a 42, 36, 30, 18, 12 and 8-inch 
parallel line (Project 5). 

 The 6-inch Fairgrounds Avenue interceptor north of AZ Highway 66 will require the 
construction of an 8-inch parallel line (Project 33). 

 The 8-inch Marlene Avenue and Van Buren Street interceptor north of Hualapai Mountain 
Road will require the construction of an 8-inch parallel line (Project 34). 

 8, 10 and 15-inch Stockton Hill Road, Hillcrest Drive, Glen Road, Kino Avenue and 
Willow Road interceptor south and west of the Walleck Ranch Subdivision will require the 
construction of an 8, 12 and 15-inch parallel line (Project 38). 

 The 12-inch Washington Street and Eastern Street interceptor south of AZ Highway 66 
and across Interstate 40 to Kenwood Avenue will require the construction of an 8 and 12-
inch parallel line (Project 40). 
 

Sizing has been made to accommodate flows from the Future Scenario, along with flows from the 
Existing (2016) Scenario. A map showing the proposed pipes and future system deficiencies with 
recommended solutions is shown in Exhibit 6.5.1 – Future Recommendations Map. 
 
Other improvements are not recommended for minor surcharging, i.e. when the hydraulic grade 
line is less than 2 feet above the top of pipe and the interceptors are sufficiently deep. Instead, 
these locations should be monitored during wet weather conditions, to determine the magnitude 
of the storm surge on the interceptor, on a case by case basis. 
 
Figure 6.5.1 – Future Recommendations Cost Estimate shows the cost of the proposed 
master planned improvements. Pipe lengths shown on the estimate are approximate, true lengths 
will be determined in final design. Individual cost estimates for each project may be found in 
Appendix G. 
  



CITY OF KINGMAN 
WASTEWATER MASTER PLAN UPDATE & INFLOW/INFILTRATION STUDY 

46 

7.0 SUMMARY & CONCLUSIONS 

In summary, the interceptor system model and master planning provide the City of Kingman with 
a tool to better manage their wastewater system and prepare for future development. The model 
also provides the City with additional collection system analysis and management capabilities.  A 
summary of some relevant capabilities are as follows: 

 Future Pipe Sizing
 Flow Depths
 Travel Time Analysis
 Flow Capacity Evaluations
 Alternative Pipe Routings

 CMOM Program Planning
 Dynamic Profiling
 Real Time Simulations
 Odor Control Analysis
 Source Tracing

For a full listing of modeling capabilities now available to the City please visit 
http://www.innovyze.com/products/infosewer/.  

Recommendations: The following is a summary of all master plan recommendations with their 
associated cost:  

 Project 1 – $106,000 – Remove and Replace – Jagerson Ave. (10-inch with 12-inch)
 Project 2 – $4,400 to $800,400  – I&I Remediation (46 Critical Manholes)
 Project 3 – $2,059,000 – Parallel Line – Jagerson Ave. (8-inch)
 Project 4 – $1,625,000 – Parallel Line – Shangrila Dr. and Kino Ave. (12-inch)
 Project 5 – $12,122,000 – Parallel Line – Mohave Wash Outfall interceptor (8 to 42-inch)
 Project 6 – $6,000,000 – New Interceptor – Grace Neal Blvd. (8 to 18-inch)
 Project 7 – $8,891,000 – New Interceptor – Sec 36 T22N-R16W (12 to 18-inch)
 Project 8 – $9,971,000 – New Interceptor – Amigo Rd./Gordon Dr. (8 to 24-inch)
 Project 9 – $7,685,000 – New Interceptor – Seneca St. to Diagonal Way (8 to 12-inch)
 Project 10 – $5,707,000 – New Interceptor – Mohave Dr. to Gordon Dr. (12 to 15-inch)
 Project 11 – $5,653,000 – New Interceptor – Stockton Hill Rd. (8 to 12-inch)
 Project 12 – $3,848,000 – New Interceptor – John L Ave. to Powell Ave. (8-inch)
 Project 13 – $911,000 – New Interceptor – Sec 24 T22N-R17W (8-inch)
 Project 14 – $1,540,000 – New Interceptor – Stockton Hill Rd. (8- inch)
 Project 15 – $1,148,000 – New Interceptor – Cherum Rd. (8- inch)
 Project 16 – $1,757,000 – New Interceptor – East of Sec 18 T22N-R16W (8-inch)
 Project 17 – $1,759,000 – New Interceptor – West of Sec 17 T22N-R16W (8-inch)
 Project 18 – $1,772,000 – New Interceptor – Sec 17 and Sec 16 T22N-R16W (8-inch)
 Project 19 – $1,829,000 – New Interceptor – North Avenida Verde (10-inch)
 Project 20 – $5,679,000 – New Interceptor – East of the Hilltop WWTP (12 to 15-inch)
 Project 21 – $1,504,000 – New Interceptor – Northern Ave. (8 to 12-inch)
 Project 22 – $980,000 – New Interceptor – AZ Hwy. 66 to Thompson Ave. (12-inch)
 Project 23 – $1,509,000 – New Interceptor – Castle Rock Rd. (12-inch)
 Project 24 – $1,070,000 – New Interceptor – Prospector St. (8-inch)
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 Project 25 – $1,076,000 – Extension – Airway Ave. (8-inch) 
 Project 26 – $1,492,000 – Extension – Santa Rosa Dr. and Diamond Joe Rd. (8-inch) 
 Project 27 – $1,556,000 – New Interceptor – Santa Rosa Dr. across Interstate 40 (8-inch) 
 Project 28 – $879,000 – Extension – Interstate 40 (8-inch) 
 Project 29 – $1,420,000 – New Interceptor – Southern Ave. (8-inch) 
 Project 30 – $2,561,000 – New Interceptor – El Paso Rd. (8 to 12-inch) 
 Project 31 – $2,476,000 – New Interceptor – Siesta (8-inch) 
 Project 32 – $1,570,000 – New Interceptor – Interstate 40 (12-inch) 
 Project 33 – $168,000 – Parallel Line – Fairgrounds Ave. (8-inch) 
 Project 34 – $856,000 – Parallel Line – Marlene Ave. and Van Buren St. (8-inch) 
 Project 35 – $1,594,000 – Extension – Northern Ave. (8-inch) 
 Project 36 – $1,571,000 – Extension – Sierra Vista Ave. (8-inch) 
 Project 37 – $1,040,000 – New Interceptor – Gordon Dr. (8-inch) 
 Project 38 – $1,348,000 – Parallel Line – Stockton Hill Rd. (8 to 15-inch) 
 Project 39 – $1,391,000 – New Interceptor – Riata Valley Rd. (8 to 12-inch) 
 Project 40 – $1,925,000 – Parallel Line – Washington St. and Eastern St. (8 to 12-inch) 

 
In addition to the recommendations already covered, the following should be taken into 
consideration by the City: 
 
Modeling Updates:  This report recommends that the City perform regular updates to the model 
as development occurs and the collection/interceptor system is expanded.  An up-to-date model 
of the system will provide the City with the best analysis and management tool. As the model 
changes the Master Plan can easily be updated to reflect those changes. The goal is that the Master 
Plan, and more so the models developed, will function as a living document that is updated or 
modified as conditions change. 
 
Interim Sizing: Interim sizing for interceptors should be avoided wherever possible. However, 
due to budgetary constraints the City may choose to install a smaller diameter pipe than what is 
recommended in this report. The City should understand that any interim sized interceptor will 
likely be replaced in the future conditions or necessitate an additional parallel line along that 
corridor. It is highly recommended that any such alterations to the proposed pipe network be 
input under a new scenario, and such modifications be thoroughly analyzed and evaluated to 
determine the ramifications prior to implementation. 
 
Plan for Projects in the City’s CIP:  The City should use the information shown in each of the 
scenarios and evaluate those projects identified which should be included in the City’s Capital 
Improvement Program, and when they should be programmed for design and construction.  Many 
of the projects for the Future service areas will be dependent on the pace at which development 
occurs in the un-serviced areas of the City. All proposed developments will impact the 
downstream capacity in the City’s network to varying extents.  
 
Plan for Flows to the WWTP:  Currently, the City uses only a portion of their capacity in the 
Hilltop WWTP. However, this report demonstrates that as the City grows and develops, in the 
future, additional capacity will be required.  Planning for this will be necessary to accommodate 



CITY OF KINGMAN 
WASTEWATER MASTER PLAN UPDATE & INFLOW/INFILTRATION STUDY  
 48 

the future service areas. It is recommended that the City begin the process of expanding the 
current treatment capacity, in accordance with AAC R18-9-A305, as increased flows from these 
future service areas begin to utilize the remaining capacity.    
 
Scour Depth Analysis: While this report attempted to establish depths of proposed interceptors 
sufficiently below washes and other drainage or irrigation facilities, consideration of requirements 
to prevent or mitigate scour were not considered. 
 
Aerial Topography: New aerial topography that becomes available, either through the City or 
Mohave County, should be utilized to update rim elevations for the proposed interceptors in the 
model. Aerial topographic data provided for this study did not encompass the entire planning 
boundary and was fairly outdated in some areas of the City.  
 
Manhole Survey: A majority of the interceptor model was created using record as-built drawings 
of the sewer interceptors. As additional surveyed manhole data becomes available it should be 
used to verify the as-built information entered into the model.  
 
General Plan Amendments:  If changes are contemplated for the City’s General Plan (i.e. higher 
density housing, higher wastewater industries, larger planning area etc.) the proposed change 
should be input into the model for two reasons.  The first is to verify if the proposed change 
impacts the existing downstream interceptor system. The second is to verify the master planned 
sizing of proposed facilities shown in this report. 
 
Additional Crossings: Multiple interceptors recommended for the Future Scenario involve 
crossing the highways, railroad tracks, or the Mohave Wash. Special design considerations will 
have to be considered for these locations, as well as, planning for the significant costs associated 
with these crossings. Although not shown in the model there are two additional sewer 
crossings/extensions that are recommended for the system. These sewer lines are non-
interceptors but are necessary for providing adequate sewer service to part of the Hilltop Service 
Area. One of these is an 8-inch interceptor that crosses the Interstate 40 at Fairground Boulevard. 
The second is an 8-inch interceptor that crosses the Interstate 40 at Rutherford Street and is 
needed to serve parcels developing around Manzanita School. Both projects should be included 
in the City’s CIP.  
 
Alternative Alignments: The routing of new interceptors proposed in this report represents the 
best overall layout for serving all areas within the Study Boundary, while not overtaxing existing 
facilities, and adhering to the design criteria and feedback provided by the City. However, there 
are several locations were alternative routings were considered. The interceptor sewer model 
developed for this project allows the City to create additional scenarios in the model with 
alternative interceptor alignments as various needs arise in the system. One such area where 
alternative routing should be analyzed is Section 14, T21N-R16W, south of Interstate 40. The 
current projects recommended for serving this area (Project 10 and Project 32) route flows north 
across the Interstate towards the airport. An alternative to this alignment is routing flows to the 
west and connecting with the sewer proposed for Project 28. The interceptor sizing would need 
to be modified for Project 28 and the downstream capacity of the rest of the interceptor network 
would also have to be analyzed. 
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The City of Kingman Wastewater Master Plan Update and Inflow/Infiltration Study gives the City 
an unlimited planning tool for their wastewater collection system going forward.  In the future, as 
more historic data becomes available, there will be opportunity to review this plan to ensure the 
assumptions made are still valid; thus insuring the City can continue to operate its collection system 
in the most efficient way possible.  
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CITY OF KINGMAN 
MUNICIPAL UTILITY COMMISSION 

COMMUNICATION 
 

             TO: Chairman and Commission Members 
 
                      FROM: Engineering Services 
 

      MEETING DATE: March 24, 2016 
 

AGENDA SUBJECT: Presentation of Reclaimed Water Study, ENG15-047 
 
 
 

SUMMARY: On August 4, 2015, the City hired Sunrise Engineering to prepare a report on options for 
reusing effluent from the Hilltop Wastewater Treatment Facility (WWTF).  The Hilltop WWTF 
is currently permitted to produce up to 1 million gallons per day of A+ reclaimed water, and 
up to 5.1 million gallons per day of B+ reclaimed water.  The study specifically examines 
three options for A+ reuse as follows:  (1) Groundwater Injection, (2) Airport Industrial Use 
and (3) City Golf Course and Parks Reuse.  The Executive Summary from the report is 
attached.  The full report is available on the City of Kingman website at the link below. 

 
 Option 1 (Groundwater Injection) involves drilling a well at the Hilltop WWTF and injecting 

A+ water into the aquifer, thereby replenishing the supply.  Option 1 is the cheapest and 
simplest option to implement.  Option 2 involves the installation of pumps and a reclaimed 
distribution system from the Hilltop Facility to the Kingman Airport.  Option 2 is the most 
expensive option and would require charging rates higher than potable water, in order to 
fund the option.  This option may be more feasible if a large user (1 million gallons per day) 
were to open in the Airport Park.  Option 3 (Golf Course/Schools reuse) involves the 
installation of pumps and a reclaimed distribution system from the Hilltop Facility to the Golf 
Course.  The reclaimed distribution line would be located to pass as many schools and 
parks as possible.  Option 3 is the second most expensive option and would allow for the 
watering of multiple turf areas, which are currently irrigated with potable water. 

 
 City staff will provide a brief overview of the report and its recommendations to the Utility 

Commission.  The Consultant will provide a presentation at the April 5 City Council meeting.  
  
 
 
 
ATTACHMENTS: Reclaimed Water Report – Executive Summary 
         
 
 
FULL REPORT 
WEB LINK: http://www.cityofkingman.gov/Departments/Engineering/DesignStudiesandReports.aspx 
  
 
   
 
      

http://www.cityofkingman.gov/Departments/Engineering/DesignStudiesandReports.aspx
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Option 1 – Groundwater Injection

EXECUTIVE SUMMARY 
 
The City of Kingman owns and operates their Hilltop Wastewater Treatment Facility (WWTF) 
north of the City of Kingman located at 5925 E Highway 66 in Kingman, Arizona.  This facility has 
the capacity and is permitted through the Arizona Department of Environmental Quality (ADEQ) 
to treat and redistribute up to 1 MGD of Class A+ reclaimed water.  Currently, however, the 
WWTF only treats the wastewater to a Class B+ condition and then discharges the effluent to the 
Mohave Wash and to wetlands northwest of the facility.   
 
Per ADEQ, Class A+ reclaimed water is wastewater that has been treated to a high standard of 
cleanliness and is cleared for human contact.  Class B+ reclaimed water is also wastewater that has 
been treated, but to a lesser standard of cleanliness although it is still safe for human contact. 
 
The City of Kingman would like to produce and utilize Class A+ reclaimed water and has contracted 
with Sunrise Engineering to perform a study of Options that would best serve Kingman’s interests.  
These options include the following: 
 

 Injection of the reclaimed water back into the Hualapai Valley Basin aquifer 
 Distribution of the reclaimed water to the Kingman Airport Industrial Park 
 Distribution of the reclaimed water to the Cerbat Cliffs Golf Course, Kingman schools and 

Kingman parks.  
 
In order to determine which of the three above mentioned Options would best serve the City of 
Kingman, an analysis of these options was performed and is listed below.   
 
Option 1 – Groundwater Injection:   
 
This Option analyzed the benefits of 
injecting 1 MGD of Class A+ reclaimed 
water back into the Hualapai Valley Basin 
aquifer.  An analysis of the Basin aquifer 
was performed and it was noted that 
groundwater levels in the Kingman and 
surrounding areas have been declining over 
time.  Injection of Class A+ reclaimed 
water into the Basin aquifer would help to 
stabilize and/or raise groundwater levels.   

 
Injection Conceptual Design: 
In order to achieve this injection a 
few options were considered.  The 
City owns and operates a few 
drinking water wells within a three 
mile radius of the WWTF and these 
wells were analyzed to determine 
their injection capacities.  It was determined that City Well #6 has enough capacity to inject 
the desired 1 MGD of reclaimed water and that City Well #1 only has the capacity to inject 
264K GPD of reclaimed water.  In order to reduce initial capital of installing a distribution 
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Option 2 – Airport Industrial Park Reuse 

system to these wells, a third option for groundwater injection was analyzed and ultimately 
decided upon.  This option includes drilling a new injection well at the WWTF and allowing 
the 1 MGD of reclaimed water to gravity flow into this new well.   
 
Permitting: 
Permitting for Option 1 – Groundwater Injection would require that the City amend their 
current ADEQ Aquifer Protection Permit (APP) no. P-100611 to include groundwater 
injection as a form of discharge.   
 
Capital and Long Term O&M Costs: 
With the injection well being installed onsite, projected capital costs are approximately $1 
Million and has minimal long term operations and maintenance (O&M) costs as there are no 
pumps, storage tanks or distribution line to maintain.   

 
Option 2 – Airport Industrial Park Reuse:  
 
This Option analyzed the feasibility of distributing Class A+ reclaimed water from the Hilltop 
Wastewater Treatment Facility to the property and business owners of the Kingman Municipal 
Airport Industrial Park.   

 
Water Usage Study: 
Current and historic water usage was 
analyzed to help project future 
reclaimed water usage demands for the 
next 20-years at the Airpark with an 
assumed 6% growth rate.  Surprisingly, 
the projected reclaimed water peak 
demand was under 350K GPD with the 
average reclaimed water demand even 
lower.   
 
Distribution Conceptual Design: 
The design to distribute reclaimed water 
to the Airpark would include a booster 
station to pump reclaimed water from 
the City’s tertiary treatment facility to a 
new steel water storage tank onsite, a 
pump station to pump the stored 
reclaimed water to the Airpark and an 
8-inch C-900 PVC distribution line 
from the WWTF to the Airpark with 6-
inch C-900 PVC service lines from the distribution line to the tenants at the Airpark.   
 
This distribution line would follow the City’s existing sewer easement along the Mohave 
Wash alignment north to the Grace Neal Parkway alignment and then run east boring under 
AZ Highway 66 and on to the Airpark.  Option 2 would also include the option to recharge 
groundwater at the City’s Well #1 near the Airpark.  As mentioned above, this well has the 
capacity to inject up to 264K GPD.    
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Permitting: 
The ADEQ permitting required for this Option would include a Type III user’s permit 
which would allow for the City to act as the agent for the reuse of reclaimed water.  This 
would allow the City to determine who could reuse reclaimed water and it would be the 
responsibility of the City to guarantee that the reclaimed water is being used appropriately 
and that end users are in compliance with all Arizona Administrative Code (AAC) 
requirements and regulations.  Also, the City would need to amend their APP permit no. P-
100611 to allow for reclaimed water to be discharged into the Basin aquifer.   
 
Capital and Long Term O&M Costs: 
Projected capital costs for this Option are the highest of all three Options coming in at just 
over $10.7 Million.  Long term O&M costs are also high as there are pump stations, a 
storage tank and several miles of distribution lines to operate and maintain.  
 
Rate Analysis: 
A rate analysis was performed on this Option to determine by how much the reclaimed 
water base rates at the Airpark would need to be adjusted to in order to fund this project.  
Low water demand spread over a limited amount of users equated to a reclaimed water base 
rate increase of approximately $1,057 higher than the City’s current water base rate.  
 
Capital Savings: 
Option 2 does, however, provide approximately $1.9 Million of capital savings by reducing 
the demands on the City’s water system thereby freeing up water infrastructure.  
 
Survey: 
A survey for this Option was prepared and sent to the tenants of the Airpark to gauge 
interest in a reclaimed water system.  To date, most of the responses have not been in favor 
of this system.   

 
Option 3 – Golf Course, Schools and Parks Reuse:  
  
This Option analyzed the feasibility of distributing Class A+ effluent from the Hilltop Wastewater 
Treatment Facility to Cerbat Cliffs Golf Course in Kingman with the possibility to have connections 
to the Kingman High School, Kingman Middle School, Kingman Academy of Learning, 
Firefighter’s Memorial Park, Centennial Park and the Mohave County Fairgrounds.   

 
Water Usage Study: 
Historic irrigation water usage at the golf course, schools, parks and fairgrounds were 
analyzed to determine which entity had the highest demand.   It was immediately determined 
that the golf course’s irrigation water demand was almost 1 MGD in the summer months 
with the next highest water demand being the Kingman High School with a peak 2011 
summer usage of approximately 292K GPD.  Since the golf course’s irrigation demands are 
three times higher than the next entity’s irrigation water demands, it was decided that the 
conceptual design for Option 3 should include a distribution line from the WWTF to the 
golf course.   
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Option 3 – Golf Course, Schools and Parks Reuse

Distribution Conceptual Design: 
A route was selected for this distribution 
line that follows the City’s existing sewer 
easement along the Mohave Wash 
alignment from the WWTF into town, 
briefly exiting the Mohave Wash 
alignment to pass by the Kingman High 
School and then return to the Wash.  At 
Airway Avenue, the distribution line 
would again exit the Mohave Wash 
alignment and head east to N Burbank 
Street. The distribution line would then 
turn south passing by the Kingman 
Academy of Learning, Centennial Park, 
boring under Interstate 40, and passing 
by Firefighter’s Memorial Park, 
Kingman Middle School and the 
Mohave County Fairgrounds.  
 
The distribution line would be a 
combination of 12-inch DIP for the 
higher pressured section near the 
WWTF and C-900 PVC for the lower pressured section near the golf course.  This 
distribution line would be sized for future growth.   Also, as part of the conceptual design 
for Option 3 there would be a booster station at the WWTF to pump the reclaimed water to 
the golf course.   
 
The reclaimed water would then be stored at an available pond at the golf course with 
another booster station to pressurize the reclaimed water into their irrigation system.  
Possible service lines to the schools, parks and fairgrounds could be provided, however, all 
these entities except the Kingman High School would need to add additional booster 
stations onsite to pressurize their irrigation systems.   
 
Permitting: 
As with Option 2, this Option would only require a Type III user’s permit which would 
allow for the City to act as the agent for the reuse of reclaimed water.   
 
Capital and Long Term O&M Costs: 
Projected capital costs for this Option were significantly higher than Option 1 but were not 
as high as Option 2.  Projected capital costs for Option 3 came in just over $8.2 million.  
Long term O&M costs are also high as there are multiple pump stations to power and 
maintain and a long distribution line to maintain.  

 
Rate Analysis: 
To determine how much the City’s current water rates would need to be adjusted to in order 
to fund this Option, a rate analysis was performed.  Water base rates Citywide would need to 
increase approximately $3.16 to fund this Option. 
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Capital Savings: 
This Option does however provide approximately $3.6 Million of capital savings by reducing 
the demands on the City’s water system thereby freeing up water infrastructure.   

 
Benefits Analysis:   
A benefits analysis of all three Options was performed to weigh the pros and cons and help 
determine which of these Options best serves the City’s interests.  To equally compare all three 
Options, a list of unbiased selection criteria with assigned points possible was prepared.  Criteria 
with a higher level of importance, such as capital costs and long term O&M were given higher 
points possible.  A total of 200 points was possible for scoring. 
 

Option 1 – Groundwater Injection: 
This Option was the least costly of all three Options and therefore scored the highest in the 
capital cost criteria.  It did not, however, provide any capital savings or provide any 
connections for future developments and therefore scored low in these criteria.  This Option 
scored 120 points out of a possible 200 points and was ranked second of the three Options. 
 
Option 2 – Airport Industrial Park Reuse: 
This Option provides a high probability for positive community economic impact and is 
available for green funding and therefore scored high in these criteria.  This Option was, 
however, the most expensive project in the study, had the highest long term O&M costs and 
would increase user rates the highest, therefore scoring low in these criteria.  This Option 
scored 95 points out of a possible 200 points and was ranked last of the three Options. 

 
Option 3 – Golf Course, Schools and Parks Reuse: 
This Option provided the highest capital savings, provided a high probability for positive 
community economic impact and was eligible for green funding and therefore scored high in 
these criteria.  It did not, however provide any groundwater recharging and although its 
capital costs and long term O&M costs were not as high as Option 2, they were significantly 
higher than Option 1’s costs and therefore this Option scored low in these criteria.  This 
Option scored 129 points out of a possible 200 points and was ranked first of the three 
Options. 

 
Recommendations:  
 

Option 1 Recommendation 
If the City of Kingman would prefer a project with low capital costs, low long term O&M 
costs and an Option that provides groundwater recharging, Option 1 – Groundwater 
Injection is recommended.   
 
This Option only provides groundwater injection and will be the easiest to construct.  It also 
is the least expensive Option in this study and has the lowest O&M costs.   
 
Option 3 Recommendation 
If the City of Kingman would like to service multiple entities with reclaimed water, free up 
existing water infrastructure and has options for funding, Option 3 – Golf Course, Schools 
and Parks Reuse is recommended.   
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This option would use approximately 1 MGD of reclaimed water as irrigation water for the 
Cerbat Cliffs Golf Course with possible connections to the schools, parks and the 
fairgrounds. Its capital and O&M costs are higher than Option 1, but it will qualify for 
WIFA funding and will provide capital savings by reducing the demands on the City’s water 
system thereby freeing up water infrastructure.  Also, water base rates Citywide would only 
need to rise slightly in order to fully fund this Option.   
 
Option 3 is the most flexible/scalable Option in the study.  It would pass near the Airpark 
(approximately one mile away), multiple schools and parks, the fairgrounds and City wells 
that could be retrofitted for groundwater injection. 
 
This Option would also positively impact the community economy as it has the possibility to 
attract new “green” businesses that want to use reclaimed water. 
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