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Section 1

Introduction and Plant Description
Public utilities require substantial capital investment in infrastructure and treatment facilities to
meet service goals. These facilities are designed and constructed in phases, which can extend over
many years. Understanding the real capacity of these facilities is essential to maximizing the return
on these investments and minimizing the costs to ratepayers. In addition, knowing the performance
efficiency relative to the available capacity will help to establish the level of service and determine
regulatory, public health, and financial risks.
The City of Nampa (City) received a revised National Pollutant Discharge Elimination System (NPDES)
permit for its wastewater treatment plant (WWTP) that requires the City to achieve very low
phosphorus and ammonia (NH4) concentrations in the WWTP effluent. In order to evaluate the
existing performance and capacity of the system and determine its capabilities to perform biological
phosphorus removal (Bio P) and nitrification to meet the future permit limits while also maintaining
adequate capacity to serve the large industrial dischargers into their system, the City of Nampa
contracted Brown and Caldwell to perform this study. The approach taken addresses the constraints
of each unit process, with the most constraining unit process defining the performance and overall
capacity of the plant. The results of this work can be used to determine which processes should be
targeted as priorities for upgrade to unlock additional capacity at the facility to meet current and
future effluent permit requirements.

1.1 Approach
The investigation proceeded in several phases to provide a systematic approach to performance
assessment. Unit process simulations were conducted to represent expected operating conditions.
The study was conducted collaboratively with City of Nampa staff. An outline of the activities
conducted is as follows:
1. Determine wastewater characteristics
2. Evaluate primary clarifiers to develop process performance models
3. Evaluate secondary clarifiers to determine process capacity
4. Evaluate solids thickening and dewatering equipment to determine unit process capacity
5. Evaluate aeration basin processes and develop simulation models, specifically examining ability
to meet current and future permit limits
6. Integrate unit process performance results to determine overall plant capacity
7. Prepare recommendations for plant upgrades and modifications

1.2 Objectives
The objectives of the capacity assessment included the following:
•
Establish the maximum certifiable rated capacity meeting the requirements of the City of
Nampa, United States Environmental Protection Agency (EPA), and Idaho Department of
Environmental Quality (IDEQ)
•
Determine reserve capacity beyond current flow and loadings (if any), to accommodate growth or
new industries
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Recommend and prioritize improvements and/or operational adjustments to increase plant
capacity and accommodate projected increases in flows and loadings

1.3 Plant Description
The Nampa WWTP is a secondary treatment facility that uses conventional aerated activated sludge
units for biological oxidation of the wastewater. The current design total rated hydraulic (maximum
month) is 18 million gallons per day (mgd).
Figure 1-1 shows the overall process flow schematic for the Nampa WWTP after the completion of
the Phase I Upgrades (Section 1.4), while design data for the major unit processes are given in Table
1-1. For Figure 1-1, solids streams are shown as green dashed lines while liquid streams are shown
as solid blue lines. As shown in the figure, raw wastewater enters the influent pump station and is
pumped up to the influent screens. The primary influent then flows by gravity through the grit
chambers and to the primary influent splitter box. The screened and degritted wastewater flow is
then split between the three primary clarifiers for primary treatment.
Anywhere from 0 to 40 percent of the primary effluent is directed to the trickling filter recirculation
pump station where it is split between two trickling filters for BOD removal. The trickling filter mixed
liquor flows from the trickling filter recirculation pump to a secondary clarifier for settling. The
trickling filter secondary effluent is then mixed with the remaining primary effluent and directed to
one of the three aeration basins via the primary effluent pump station for biological treatment.
The aeration basins are configured with an anaerobic zone, a flexible aerated zone (FAZ), and an
aerobic zone for biological nutrient removal. Mixing in the anaerobic and FAZ cells is provided by
submerged medium-speed mixers, while aeration and mixing in the aerobic zones and FAZ is
provided by centrifugal blowers and membrane and ceramic diffusers. After exiting the aeration
basins, the mixed liquor flows by gravity to the final clarifier flow splitter box and is divided between
one of three final clarifiers. The secondary effluent flow is injected with sodium hypochlorite for
disinfection then flows through one of two chlorine contact chambers. The disinfected effluent is
dosed with sodium bisulfite for dechlorination before a portion of the water is pumped for use as No.
4 water throughout the plant. The remainder is sent to the post aeration basin to increase the
dissolved oxygen concentration before discharge to Indian Creek.
Waste activated sludge (WAS) is pumped through two thickening feed pumps to three rotary drum
thickeners after the addition polymer for more efficient thickening. The thickened waste active
sludge (TWAS) is pumped to four primary anaerobic digesters along with the primary sludge. The
digested sludge is then stored in three secondary anaerobic digesters. Polymer is added to the
sludge prior to dewatering using centrifuges. The centrate is sent to a centrate storage tank,
combined with the filtrate from the rotary drum thickeners, and mixed with ferrous chloride for
control of hydrogen sulfide odors prior to being pumped back to headworks. Dewatered biosolids are
stored on site in sludge drying beds prior to landfill disposal. Collected screenings and grit are also
landfilled.
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Figure 1-1. Nampa WWTP simplified process flow schematic
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Table 1-1. Major Processes and Equipment Design Data
Process element

Number of units

Design data

Influent Pumping Station
diameter, in
horsepower, each, hp
capacity, each, gpm/mgd
lift, each, ft

3

Screw
72
50
8,600/12.4
13.30

Mechanical bar screen
Size
capacity, each, mgd

3
0.25-in step screen
14

Grit removal
Grit removal chamber
diameter, ft
depth, ft
capacity, each, gpm/mgd
detention time (s)
Grit Pumps
horsepower, each
capacity, each, gpm
Grit classifier
screw diameter, in

2

2

2

Primary sedimentation
Primary clarifiers
size, diameter, ft
No. 1
No. 2
No. 3
average day capacity, mgd
No. 1
No. 2
No. 3
Design overflow rate, gpd/ft2
peak day capacity, mgd
No. 1
No. 2
No. 3
Design overflow rate, gpd/ft2
Primary sludge pumps
horsepower, each
capacity, each, gpm

Horizontal Flow
16
2
8,200/11.8
28
Centrifugal-Torque Flow
7.5
200
Auger
12

3
90
100
120
7.6
9.4
13.6
1,200

3

15.9
19.6
28.3
2,500
Duplex Piston
7.5
160
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Table 1-1. Major Processes and Equipment Design Data
Process element

Number of units

Design data

Trickling Filters
diameter, ft
media depth, ft
maximum organic loading, lb BOD/1,000 ft3-day
average hydraulic loading, gal/day-ft2
Trickling Filter Recirculation Pumps
horsepower, each
capacity, each, gpm
Trickling Filter Effluent Pumps
horsepower, each
capacity, each, gpm
head, each, ft

2

Rock Media
200
5.0
45
3.8
Vertical Turbine
100
9,500
Submersible
47
4,200
28

Secondary Clarifiers
diameter, ft
average day capacity, mgd
design overflow rate, gpd/ft2
peak day capacity, mgd

1

4

2

120
10.2
900
28.3
3

Aeration basins
Size of basin
width, each, ft
length, each, ft
sidewater depth, each, ft
total volume, each, gal
MLSS, mg/L
SRT, days
Fine Pore Diffusers
FAZ
Aerobic Zone 1 (Aeration Basins 1 & 2)
Aerobic Zone 1 (Aeration Basin 3)
Aerobic Zone 2
Aerobic Zone 3
Aerobic Zone 4
Blowers – Aeration Basins
horsepower, each

134
160
20.6
3,304,000
1,500–4,000
7–11

1,720
2,160
2,128
1,121
900
905
5

Membrane
Ceramic
Ceramic
Ceramic
Ceramic
Ceramic
Multistage Centrifugal
500
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Table 1-1. Major Processes and Equipment Design Data
Process element

Number of units

Design data

3

Final clarifiers
Diameter, ft
Waste Activated Sludge Pumps
horsepower, each
capacity, each, gpm
total dynamic head, each, ft
Return Activated Sludge Pumps
horsepower, each
capacity, each, gpm
total dynamic head, each, ft

2

4

Chlorine Contact Basins
length, ft
width, ft
sidewater depth, ft
volume per basin, gal
total volume, gal
capacity, mgd (15 min detention time)

2

Post Aeration Basins
length, ft
width, ft
depth, ft
volume, total, gal
capacity, each, at 5 min HRT, mgd
Blowers – Post Aeration
horsepower, each

2

Dissolved air flotation thickener
surface area, sf
solids loading, lb/ft2-day
biosolids concentration, %
polymer type
polymer requirement, lb/ton solids

1

Thickened Waste Activated Sludge Pumps
horsepower, each
capacity, each, gpm
total dynamic head, each, ft
Rotary Drum Thickeners
solids capacity, each, lb/hr
hydraulic capacity, each, gpm
discharge solids concentration, % TS

2

120
Centrifugal, constant speed
7.5
370
38
Centrifugal, constant speed
50
4,800
24

82.5
30
14
259,000
518,400
50.8

1

31.5
10
15.3
73,040
10.4
Positive Displacement
60
595
2–25
4–6
Cationic
1–6
Progressive Cavity
10
110
60

3
1,000
400
5.0
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Table 1-1. Major Processes and Equipment Design Data
Process element

Number of units

Design data

Primary Anaerobic Digesters
diameter, ft
sidewater depth, ft
volume, each, gal
detention time, days
capacity, each, gpd
Secondary Anaerobic Digesters
diameter, ft
sidewater depth, ft
volume, total, gal

4

Primary
75
23
883,250
17
52,000
Secondary
55
22
434,000

Centrifuges
hydraulic capacity, each, gpm
solids capacity, each, lb/hr
discharge solids concentration

1

2

200
3200
18–20%

1.4 Phase I Upgrades
The Nampa WWTP is currently undergoing the first phase of a planned 10 to 15-year capital
program. The construction of the Phase I Upgrades began in June 2015 and is to be completed as
part of three distinct projects. As part of the Phase I Upgrades, a new primary effluent pump station,
third aeration basin, new solids handling facility, and fourth anaerobic digester will be constructed.
Because these improvements are already under construction, the information presented in this
analysis assumes that all of these improvements have been completed.

1.5 NPDES Permit Requirements
The Nampa WWTP’s NPDES Permit allows for the discharge of effluent to Indian Creek. The plant is
operated in a nutrient removal mode to meet water quality standards and effluent toxicity
requirements. Table 1-2 summarizes the final NPDES limits for 2026 regarding plant effluent
limitations. There are no listed NPDES permit limits for Total Nitrogen for this final permit.
Table 1-2. Nampa NPDES Requirements for Discharge to Indian Creek
Effluent limitations
Parameter

BOD5

TSS

Unit

Average monthly

Average weekly

Maximum
daily

mg/L

30

45

–

lb/day

4,504

6,755

–

mg/L

30

45

–

lb/day

4,503

6,755

lb/day
E. colia

4-month rolling average: 17.5

# colonies/100 mL

126 (geo. mean)

–

Dissolved oxygen

mg/L

6.0

pH

S.U.

Between 6.5 and 9.0
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Table 1-2. Nampa NPDES Requirements for Discharge to Indian Creek
Effluent limitations
Parameter

Unit

Average monthly

Average weekly

Maximum
daily

Phosphorus, total as Pb
(May–September)

lb/day

15

–

–

Phosphorus, total as Pb
(October–April)

lb/day

52.6

–

–

mg/L

1.31

–

4.92

lb/day

197

–

739

mg/L

1.41

–

5.31

lb/day

212

–

797

µg/L

9.2

–

18

lb/day

1.4

–

2.7

µg/L

9.6

–

19

lb/day

1.4

–

2.9

µg/L

10.7

–

23.1

lb/day

1.61

–

3.47

µg/L

17.8

–

38.5

lb/day

2.67

–

5.78

µg/L

4.75

–

9.53

lb/day

0.713

–

1.43

µg/L

4.96

–

9.96

lb/day

0.745

–

1.50

µg/L

0.011

–

0.022

lb/day

0.0017

–

0.0033

µg/L

0.011

–

0.023

lb/day

0.0017

–

0.0035

Ammonia, total as N
(March–November)
Ammonia, total as N
(December–February)
Chlorine, total residualc
(March–November)
Chlorine, total residualc
(December–February)
Copper, total recoverableb
(April–October)
Copper, total recoverableb
(November–March)
Cyanide, weak acid dissociabled
(March–November)
Cyanide, weak acid dissociabled
(December–February)
Mercury, total recoverableb
(March–November)
Mercury, total recoverableb
(December–February)
Notes:
aThe

average monthly E. coli bacterial counts must not exceed a geometric mean of 126/100 mL based on samples taken every 3–7 days
within a calendar month.

bThese

effluent limits are subject to a compliance schedule.

cNot

quantifiable using EPA approved analytical methods. EPA will use the Minimum Level as the compliance evaluation level for total
residual chlorine (100 µg/L, 15 lb/day).

dThe

effluent limits for weak acid dissociable cyanide are not quantifiable using EPA approved analytical methods. EPA will use the
Minimum Level as the compliance evaluation level (10 µg/L).

The WWTP’s NPDES permit was renewed in September 2016. It contains more stringent discharge
limitations for total recoverable copper, temperature, total phosphorus, and total recoverable
mercury. Additional compliance schedules are included in the sections below and presented in
Tables 1-3 and 1-4.
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1.5.1 Copper
The City must complete a wastewater characterization study to determine the sources of copper
within the City’s service area by December 31, 2019. This analysis should focus on significant
industrial users, categorical industrial users, insignificant wet and insignificant dry minor industrial
users, and other commercial and residential customers. By December 31, 2021, the City should
complete an evaluation of alternative methods the City can use to achieve final effluent copper
limits. If design upgrades are identified as needed to reduce copper loadings, the preliminary design
must be completed by December 31, 2022 and the WWTP must be in compliance with the final
copper effluent limits by September 30, 2026.

1.5.2 Temperature
The WWTP must permanently take one trickling filter out of service by December 31, 2017 and
submit a report with one year of continuous temperature monitoring data after its removal. By
December 31, 2023, the City must submit an evaluation of the alternatives that can be used to
achieve final temperature effluent limits. This evaluation should consider, at a minimum:
•
Facility improvements
•
Removal of trickling filters
•
Alternative discharge locations
•
Re-use of effluent and possible trading mechanisms such as offsite mitigation, including wetland
and habitat restoration
By June 30, 2025, the City must provide a preliminary schedule of design upgrades and preliminary
construction schedules for additional treatment to the EPA and IDEQ. Preliminary design must be
completed by June 30, 2026, final design by December 31, 2027, and construction by December
31, 2029. The WWTP must be in compliance with the final temperature effluent limits shown in
Table 1-3 by August 31, 2031.
Table 1-3. Final Effluent Temperature Limits
Season

Units

Maximum daily limita

Instantaneous maximum limit

July

°C

19.0

–

August

°C

19.0

22.8

September

°C

19.7

–

Notes:
aThe

maximum daily limit is the highest allowable average temperature measured over a calendar day or any 24-hour period that
reasonably represents the calendar day for the purposes of sampling.

1.5.3 Total Phosphorus and Total Recoverable Mercury
By December 31, 2019, Phase I upgrades must be completed. These upgrades include:
•
Modifications and additions to the existing secondary treatment system such that it is capable of
biological phosphorus removal.
•
Installation of a new Primary Effluent Pump Station
•
New Primary Anaerobic Digester
•
New Solids Handling Facility with rotary drum thickeners and dewatering centrifuges
By May 1, 2020, the WWTP must achieve the May to September total phosphorus interim limit (0.5
mg/L) and by October 1, 2020, the WWTP must achieve the October to April total phosphorus interim
limit (1.5 mg/L). The City is then responsible for evaluating treatment options to achieve final
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effluent limitations including, but not limited to, treatment plant upgrades, effluent trading projects,
seasonal re-use, and infiltration. By December 31, 2020, the City must determine and give notice of
the final option that will be used to achieve the final effluent limits for total phosphorus, mercury,
and copper. By December 31, 2022, the City must provide a preliminary schedule of design
upgrades and a preliminary construction schedule that will be used to achieve compliance. By
September 30, 2026, the selected options must be implemented and the WWTP must be in
compliance with the final effluent limits.
The final total phosphorus limits are mass loadings and based on an 18 mgd flowrate. This
correlates to a concentration of 0.10 mg/L from May to September and 0.35 mg/L from October to
April.
Table 1-4 presents the interim limits and schedules for final compliance for total phosphorus and
total mercury. The period for compliance for total phosphorus does not have a definitive end date
because of the unknown construction period for the design upgrades.
Table 1-4. Interim Effluent Limitations and Schedule for TP and Mercury
Parameter

Phosphorus,a,b
total as P

Mercury, total

Unit

Average monthly
limit

Maximum daily
limit

mg/L

Seasonal Average Limit, 6.4a,b

lb/day

Seasonal Average Limit, 961a,b

mg/L

0.50

–

lb/day

75

–

mg/L

Seasonal Average Limit, 1.5a,b

lb/day

Seasonal Average Limit, 225a,b

µg/L

0.024

–

lb/day

0.0036

–

Season

Period

May 1–September 30 Until September 30, 2019
May 1–September 30

May 1, 2020 until final limit is
achieved

October 1–April 30

October 1, 2020 until final
limit is achieved

Year-round

Until September 30, 2026

Notes:
aThe

seasonal average total phosphorus concentration and load must be calculated as the sum of all daily discharges measured for total
phosphorus during the listed season, divided by the number of daily discharges measured for total phosphorus during that season

bThe

seasonal average total phosphorus concentrations and loads must be reported on the DMRs for the last months of the
corresponding seasons.

1-10
Use of contents on this sheet is subject to the limitations specified at the end of this document.
City of Nampa WWTP Capacity Assessment_1.22.18.docx

Section 2

Historical Plant Data Review
Daily historical data from June 2012 to June 2016 were obtained from monthly plant operations
reports and exported laboratory reports. Data were summarized for raw influent, primary effluent,
trickling filter effluent (i.e., secondary effluent), and final effluent at the Nampa WWTP. Data included
flow, biochemical oxygen demand (BOD), chemical oxidation demand (COD), total suspended solids
(TSS), volatile suspended solids (VSS), alkalinity, total phosphorus (TP), total Kjeldahl nitrogen (TKN),
NH4-N, and NOX-N. In addition, daily historical data for mixed liquor TSS, VSS, RAS TSS and VSS
concentrations, and WAS flow rate were also summarized for each treatment train.
Data for the solids stream treatment processes were summarized including TS, TVS, and phosphorus
(dry weight) for the primary sludge, waste thickener solids, and digested sludge pipeline.

2.1 Plant Influent
Average monthly raw influent flow is presented in Figure 2-1. The figure shows flows and loads to the
plant have seasonal variations. Flows are the highest from June through January due to the irrigation
season and the influence of the industrial food processers peak discharge occurring during the late
fall and winter. The annual average flow to the plant is slowly decreasing over the 4-year historical
review, this has been caused by a reduction in local industry resulting in fewer industrial discharges
to the municipal sewage system. The load has also decreased over the past two years due to the
reduction in industrial discharges. The average monthly flow has not decreased at the same rate as
the influent load, most likely because the industrial flows have not decreased at the same rate as
loads and there has been growth in domestic discharge, which constitutes flow with lower
concentrations of BOD and TSS, yielding less load for the same flow.
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Figure 2-1. Average monthly raw influent flow

Figure 2-2 shows the raw influent nutrient concentrations and Figure 2-3 shows the monthly average
nutrient loading. The nitrogen concentrations fluctuate seasonally due to the influence of industrial
loads concentration ranges. The TKN concentration ranges from 31 to 61 mg/L with an average of
45 mg/L. The phosphorus concentration is consistent throughout the year ranging from 5.0 to 8.4
mg/L with an average of 6.5 mg/L. The nitrogen load shown in Figure 2-3 shows large peaks during
the peak industrial discharge period, December through March. The phosphorus load shows a
sudden decrease in October of 2014 due to the loss of a potato processing facility with a high
phosphorus discharge.
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Figure 2-2. Average monthly raw influent nutrient concentration

Figure 2-3. Monthly average raw influent nutrient loads
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2.2 Primary Effluent
Primary effluent BOD and TSS concentrations are plotted in Figure 2-4. The BOD concentration has
remained relatively consistent across the 4- year period. TSS concentration has large variations that
follow influent loading patterns the annual average was 290 mg/L. The BOD concentration has a
lower seasonal variation and averaged 310 mg/L. The primary clarifier average performance
throughout the 4- year period was 27 percent BOD removal and 58 percent TSS removal. Removal
percentages have remained consistent over the period of record, as shown in Figure 2-5. Typical
primary clarifiers will remove between 50 to 70 percent of TSS and 25 to 40 percent of BOD at a
typical surface overflow rate (SOR) of 800–1,200 gpd/ft2. The Nampa WWTP has been operating at
the lower end of typical removal, which is surprising due to the low average primary clarifier SOR of
920 gpd per ft2. Due to the industrial load, a higher than usual percentage of TSS and BOD may be
non settleable. Therefore, to determine the non-settleable fraction to evaluate true primary clarifier
performance relative to the settleable TSS, additional testing is recommended. The additional TSS
load can carry abrasive particles which reduce the life of downstream equipment. The BOD load
increases downstream air demands and mixed liquor suspended solids concentrations reducing the
capacity of the aeration basins.

Figure 2-4. Monthly average primary effluent BOD and TSS concentration
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Figure 2-5. Monthly average primary clarifier removal rates

2.3 Trickling Filter Performance
Historical data for the trickling filter is represented by the secondary clarifier effluent and includes
effluent BOD, TSS, and NH4-N. No data was collected on the trickling filter recycle pump station or
the BOD and TSS concentration of the trickling filter recycle flow. To avoid odor control problems the
recommended maximum monthly organic loading rate (OLR) for a rock trickling filter is 45 lb of BOD
per 1,000 cubic feet of empty bed volume, Figure 2-6 shows all applied OLR. The plant operated
three trickling filters from April 2012 until June 2015 and two trickling filters from July 2015 through
April 2016. The trickling filter OLR was maintained at or below the recommended maximum on a
monthly basis by reducing flow to the trickling filters.

2-5
Use of contents on this sheet is subject to the limitations specified at the end of this document.
City of Nampa WWTP Capacity Assessment_1.22.18.docx

City of Nampa WWTP Capacity Assessment

Section 2

.

Figure 2-6. Organic load rate of trickling filter and average monthly trickling filter flow

Trickling filters are designed to remove mainly soluble BOD. However, if trickling filters are
underloaded with respect to BOD load per unit volume, it is possible to also achieve partial to
complete nitrification. Figure 2-7 shows the Nampa WWTP trickling filters BOD and TSS removal is
consistent and high from June 2012 through February 2014, averaging 64 percent TSS and 63
percent BOD removal. After February 2014, performance of the trickling filters began to diminish
with a decrease in BOD and TSS removal performance. The BOD removal performance was the first
to decrease, followed by TSS removal performance. As the loading rates to the trickling filters were
not increased during this period, it is unknown as to the cause in this deteriorating performance. As
the BOD load is reduced the trickling filters start nitrifying. Ammonia removal is first consistently
observed in April 2014 and continued through April 2015 removing an average of 12 percent of
influent ammonia, the BOD load averaged 28 lb BOD/d 1,000 ft3 over the same period.
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Figure 2-7. Average monthly trickling filter removal percentage.

2.4 Aeration Basin Performance
The plant operates two aeration basins for final BOD and NH4-N removal. Until 2016, the primary
purpose of these aeration basins was nitrification of the trickling filter effluent, and the basins were
referred to as nitrification basins at that time. Since 2016, the basins have operated with significant
primary effluent input bypassed around the trickling filters and the basins have been operated more
as a conventional activated sludge system. In mid and late 2016, the basins went through
conversion to a full biological nutrient removal process. This conversion happened after the historical
data period ends in the records shown in Figure 2-8.
The historical data for the basins include solids retention time (SRT) and basin mixed liquor
suspended solids (MLSS) shown below in Figure 2-8. Plant SRT gradually increased from 2012
through 2014. The SRT was increased by plant staff to maintain a mixed liquor concentration and
biomass load in the basins that was relatively constant during a period of decreasing load from
industry. The sudden reduction in MLSS observed every November or December is due to a second
aeration basin being brought online. The second basin is brought online in preparation for The
Amalgamated Sugar Company (TASCO) beet processing plant campaign season.
In 2015, a trickling filter was demolished and the flow bypassing the trickling filters was increased,
subsequently increasing the BOD loading rate to the basins. To maintain a relatively constant MLSS
concentration the daily sludge waste was increased, resulting in the SRT reduction observed in July
2015. Since that time, the plant has operated with relatively stable SRT in the 13- to 16-day range.
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Figure 2-8. Aeration Basin monthly average SRT and MLSS concentration

2.5 Plant Effluent
Plant performance since May 2012 to May 2016 is presented in Figure 2-9 in terms of TSS and BOD
concentrations. The treatment plant has maintained an average BOD concentration of 5.6 mg/L and
TSS concentration of 7.5 mg/L. At no time in the past 5 years did the treatment plant experience any
permit violations for BOD or TSS limits.
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Figure 2-9. Monthly Average Plant Effluent TSS and BOD concentrations

The plant effluent nutrient limits are provided in Figure 2-10 below. The previous NPDES permit,
which was in effect during the period reviewed as part of this historical data review, included yearround ammonia limits, but no effluent phosphorus limit. The monthly ammonia average
concentration is 0.08 mg/L for this period and is well below the 1.31 mg/L and 1.41 mg/L summer
and winter ammonia nitrogen limits, respectively. At no time did the plant experience a permit
violation for these monthly average effluent ammonia limits. The reduction in effluent TP observed
between September and December 2014 was a result of reduced influent load due to the shutdown
of a potato processing plant that discharged high phosphorus concentrations to the facility.
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Figure 2-10. Weekly average effluent nutrient concentrations

2.6 Observations and Conclusions
The following observations are provided based on an analysis of the historical plant performance
data for the Nampa WWTP.
1. Flow, TSS, and BOD loading have been reduced due to the loss of an industrial discharger. Since
2014 loads have remained relatively constant, though they do follow a predictable seasonal
variation due to seasonal discharges from industries.
2. Influent TKN and NH4-N loadings fluctuate seasonally due to the impact of industrial waste. The
average loading has remained relatively constant since 2013.
3. Influent TP loadings remain relatively constant throughout the historical data analysis period
with the exception of a sudden loss of TP influent load in late 2014 due to the loss of an
industry.
4. MLSS concentrations have averaged 3,200 mg/L with an SRT that ranged from 16 to 22 days.
The increases and decreases in MLSS experienced during this period are due to a combination
of change in influent loadings and change in SRT, but are most influenced by taking a second
aeration basin in or out of service. Since December 2015, the MLSS has been reduced due to a
reduced target SRT of 15 days.
5. The plant has been fully nitrifying during the past four years with an average effluent ammonia
concentration of 0.08 mg/L.
6. BOD and TSS removal have been consistent during the past four years and averaged 98 and 97
percent, respectively.
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Wastewater Characterization
This section provides a summary of results of the December 2016 wastewater characterization
(WWC) for the Nampa WWTP. The intent of the WWC program was to collect sufficient detailed data
to calibrate the activated sludge simulator for winter operating conditions (Section 4). Winter
conditions represent the limiting capacity condition for the Nampa WWTP’s activated sludge system.

3.1 Scope of WWC Program
In addition to allowing calibration of the activated sludge simulator for winter conditions, the WWC
was conducted in December 2016 to capture the contribution of industrial loads from TASCO during
its beet processing campaign season. The sampling program consisted of a 14-day period of 24-hour
composite samples of selected process streams between December 6 and 19, 2016, and one day of
2-hourly grab sampling starting on December 13, 2016, for multiple locations throughout the plant.
In addition, grab samples of various solids and recycle streams were collected on several days during
the sampling period. The samples were analyzed for a range of characteristics. Analysis of all
wastewater characteristics except readily biodegradable chemical oxygen demand (rbCOD) was done
according to Standard Methods (2005). The rbCOD was measured by the procedure described by
Mamais et al. (1993). Samples were either analyzed by the Nampa WWTP or Analytical Laboratories
in Boise, Idaho.

3.2 Summary of WWC Results
This section provides a summary of the main results from the composite, grab, and diurnal sampling
conducted during the WWC.

3.2.1 Composite Sampling Results
Table 3-1 provides a summary of the average observed values from daily composite sampling for
various liquid streams in the plant. It also includes average flow measurements for each process
stream. Main observations from the composite sampling results include:
•
The raw influent is characteristic of a medium-strength sewage with large contributions of
industrial wastewater. It also has a relatively high alkalinity, which is important for buffering the
activated sludge system for nitrification. Influent phosphorus concentrations are similar to a
typical medium-strength municipal wastewater and are much lower than historical
concentrations (e.g., average total phosphorus concentration of 8.1 mg/L was measured during
the April 2012 WWC). The reduction in influent phosphorus is attributed to the removal of
Simplot’s potato processing wastewater, which has historically contributed approximately 30
percent of the Nampa WWTP’s influent total phosphorus load.
•
Average TSS removal across the primary clarifiers during the WWC period was approximately 50
percent, and BOD removal averaged approximately 21 percent. These removal efficiencies are
similar to typical historical performance for the primary clarifiers at similar flow and loading
conditions. TKN and total phosphorus concentrations remained approximately the same across
the primary clarifiers. These may be influenced by nutrient loads from the dewatering recycle
flow, which returns upstream of the primary effluent sampling location.
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The primary effluent contained relatively high concentrations of VFAs and flocculated-filtered
COD (ffCOD), approximately 98 mg/L and 189 mg/L, respectively. The ffCOD parameter is used
as a measure of rbCOD (subtracting out ffCOD remaining in the final effluent). For comparison,
measured primary effluent VFAs and ffCOD during the August 2016 WWC averaged
approximately 31 mg/L and 84 mg/L, respectively. The higher VFA and rbCOD concentrations
measured during the December 2016 WWC are likely attributed to contributions from TASCO.
Approximately 62 percent of the primary effluent was sent directly to the aeration basins during
the WWC period (bypassing the trickling filters). The Phase I design basis for the conversion to
biological phosphorus removal was based on 75-percent trickling filter bypass, so the plant was
operating with a lower bypass fraction during this WWC period.
The trickling filters effectively removed soluble BOD, achieving approximately 86 percent
removal on average. Based on the secondary effluent ffCOD concentration, only a small
concentration of rbCOD remained following the trickling filters.
There was a small degree of nitrification occurring in the trickling filters, indicated by the
presence of nitrate and nitrite in the secondary effluent.
In general, there appeared to be issues with the VSS measurements for many samples. Many
VSS measurements were reported equal to or greater than corresponding TSS measurements.
For example, the average VSS/TSS ratios for primary effluent and secondary effluent were
approximately 0.96 and 1.03, respectively. In contrast, VSS/TSS ratios for these streams
previously averaged 0.80 and 0.88, respectively, during the April 2012 WWC. A VSS/TSS ratio of
0.90 was ultimately used for both the primary effluent and secondary effluent for the activated
sludge simulator calibration (Section 4).
The final effluent sampling results show excellent performance with respect to BOD, TSS,
ammonia, and phosphorus. Results indicate that the activated sludge system was achieving
excellent nitrification and biological phosphorus removal performance during the WWC period.
Effluent nitrate-nitrogen concentrations averaged less than 15 mg/L, demonstrating that the
activated sludge system is achieving a moderate degree of nitrogen removal through RAS
denitrification in the aeration basins.
Table 3-1. Summary of WWC Results from Daily Composite Samplinga
Average observed value over 14-day WWC period
Parameter

Raw influent

Primary effluent

Trickling filter
effluent

Secondary
effluent

Final effluent

Flow, mgd

9.58

5.99b

–

3.72b

10.09

TSS

230

115

108

37

5.4

VSS

218

110

102

38

4.9

Total COD

619

480

–

160

32

Soluble COD

–

275

–

105

23

Flocculated-filtered COD

–

189

–

41

< 20c

291

231

–

39

4.7

–

159

–

21

1.9

41.6

40.1

–

24.6

2.0

–

32.0

–

21.4

–

26.3

26.5

–

17.4

0.10

–

0.23

–

2.73

13.9

Total BOD5
Soluble BOD5
TKN
Soluble TKN
Ammonia-nitrogen
Nitrate-nitrogen
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Table 3-1. Summary of WWC Results from Daily Composite Samplinga
Average observed value over 14-day WWC period
Parameter

Raw influent

Primary effluent

Trickling filter
effluent

Secondary
effluent

Final effluent

–

0.08

–

0.81

0.03

Total phosphorus

5.41

5.30

–

4.79

0.44

Ortho-phosphate

2.49

3.10

–

3.23

0.05

–

98.2

–

–

–

302

296

–

271

172

–

7.4

–

7.9

7.6

COD:TKN ratio

14.9

12.0

–

6.5

–

COD:TP ratio

114

91

–

33

–

Nitrite-nitrogen

VFAs
Alkalinity, mg/L as CaCO3
pH

aAll

values reported as mg/L except where indicated. A “–” indicates that the parameter was not measured for the flow stream.

bReported

flows for primary effluent and secondary effluent reflect the split of primary effluent between the trickling filters and the
aeration basins. The reported primary effluent flow represents the average trickling filter bypass flow.

cAll

values for final effluent flocculated-filtered COD were reported as less than 20 mg/L.

3.2.2 Grab Sampling Results
In addition to composite sampling of the various main liquid process streams, grab sampling was
conducted to characterize the plant’s main solids and recycle streams. Table 3-2 summarizes the
results of the grab sampling. Main observations from the grab sampling results include:
•
The aeration basin was operating with a very high MLSS concentration during the WWC period.
MLSS averaged slightly higher than the 4,500-mg/L limit used for the capacity assessment
(Section 9). However, the final clarifiers were still achieving excellent effluent TSS, and
measured RAS TSS concentrations were more than 14,500 mg/L.
•
Primary sludge total solids (TS) concentrations averaged 4.5 percent, consistent with thickening
directly in the primary clarifiers. The plant has historically achieved averaged primary sludge TS
concentrations ranging from 4 to 6 percent.
•
TWAS TS concentrations averaged 3.75 percent with the existing dissolved air floatation
thickener. The dissolved air floatation thickener is being replaced by rotary drum thickeners for
WAS thickening as part of the next phase of upgrades at the plant.
•
The dewatering recycle (filtrate from the belt filter press) TSS and COD concentrations are
consistent with typical performance for the plant. Nutrient concentrations in the belt filter press
filtrate were not measured as part of this WWC but are implicitly included in the primary effluent
samples. For reference, ammonia-nitrogen and soluble ortho-phosphorus concentrations from
two grab samples in February 2017 averaged approximately 800 mg/L and 150 mg/L,
respectively.

3-3
Use of contents on this sheet is subject to the limitations specified at the end of this document.
City of Nampa WWTP Capacity Assessment_1.22.18.docx

City of Nampa WWTP Capacity Assessment

Parameter
Flow, mgd
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Table 3-2. Summary of WWC Results for Solids and Recycle Streams Samplinga
Average observed value during WWC period
Thickener
Primary
MLSSb
RASb
WASc
TWAS
recycle
sludge
–

4.31

0.0836

0.0878

0.0084

0.0237

Dewatering
recycle
0.1483

Grab sampling results

aA

Number of

12

12

–

5

6

6

6

TSS, mg/L

4,696

14,575

–

179

–

–

601

VSS, mg/L

3,810

11,732

–

165

–

–

469

TS, %

–

–

–

–

4.50

3.75

–

VS, %

–

–

–

–

3.93

2.94

–

Total COD,
mg/L

–

–

–

–

–

–

914

“–” indicates that the parameter was not measured for the flow stream.

bMLSS
cWAS

and RAS characteristics are referenced from the 2016 plant data spreadsheet.

flows calculated from hourly WAS flow data provided by the plant.

3.2.3 Diurnal Sampling Results
One day of 2-hourly diurnal grab sampling was conducted on the primary effluent and final effluent.
Each sample was analyzed for total phosphorus, TSS, COD, and TKN. The results are shown on
Figure 3-1 and Figure 3-2. Table 3-3 also shows the diurnal primary effluent data normalized relative
to the average observed values. The diurnal sampling results are used for dynamic calibration of the
activated sludge simulator (Section 4).
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Figure 3-1. Diurnal sampling results for primary effluent
Sampling conducted on December 13 and 14, 2016.

Time

Table 3-3. Normalized Ratios for Diurnal Primary Effluent
Normalized ratio
Flow
TSS
COD
TKN

Total phosphorus

8:30 AM

1.28

1.57

1.01

0.69

0.60

10:30 AM

1.03

0.84

0.89

0.86

0.96

12:30 PM

1.00

1.24

0.90

1.12

1.15

2:30 PM

1.32

1.08

0.88

1.12

1.30

4:30 PM

1.06

1.09

1.07

1.11

1.15

6:30 PM

1.12

1.06

1.08

1.09

1.08

8:30 PM

1.00

1.20

1.05

1.06

1.05

10:30 PM

1.53

1.04
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12:30 AM
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0.98
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Figure 3-2. Diurnal sampling results for final effluent
Sampling conducted on December 13 and 14, 2016.

3.3 Observations and Conclusions
The key observations and conclusions derived from the WWC are as follows:
•
Raw influent to the Nampa WWTP is characteristic of medium-strength sewage containing
significant contributions of industrial wastewater. However, current characteristics are different
than recent historical conditions because of changes in industrial dischargers.
•
The activated sludge system achieved full nitrification during the WWC period.
•
The activated sludge system achieved excellent biological phosphorus removal performance
during the WWC period, which allows the activated sludge simulator to be calibrated for
biological phosphorus removal (Section 4). Calibrating for biological phosphorus removal is
important for evaluating the capacity of the system to meet effluent total phosphorus limits at
future flows and loads (Section 9).
•
With the wastewater characteristics measured during this winter sampling program, the plant
can achieve biological phosphorus removal while still treating a moderate fraction of the primary
effluent with the trickling filters (average of 38 percent during the WWC). The ability to achieve
excellent biological phosphorus removal in this mode is likely linked to the high concentration of
rbCOD present in the influent wastewater and the relatively lower concentrations of influent
phosphorus compared to historical conditions (changes in industrial dischargers). It is also
consistent with previous process modeling conducted for the Phase I upgrades. However, rbCOD
concentrations are expected to fluctuate seasonally depending on operations of industrial
dischargers (particularly TASCO).
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Calibration of Biological Process
Simulator
This section provides a summary of results for the calibration of the BioWin biological process
simulator used for modeling the activated sludge processes at the Nampa WWTP. Detailed
wastewater characteristics were collected for calibration of the simulator in December 2016. The
intent of the calibration was to ensure that the model is accurate when used to simulate future flow
and loading conditions for the capacity assessment.

4.1 Activated Sludge Simulator Calibration
A model for the activated sludge secondary treatment processes at the Nampa WWTP was created
using the BioWin simulator, developed by EnviroSim Associates Ltd of Hamilton, Ontario, Canada.
BioWin allows the prediction of complex biological interactions using various mechanistic and
empirical models to represent material transformations and pollutant removals in the plant for both
liquid and solids process streams. It enables the user to simulate carbonaceous oxidation and the
fate of nutrients in activated sludge treatment facilities.

4.1.1 BioWin Simulation Overview
Figure 4-1 is the Nampa WWTP process flow schematic as created in the BioWin simulator. The
model includes input, output, and recycle streams, as well as various elements representing the
aeration basin and the final clarifiers. The aeration basin is modeled with two unaerated zones and
four aerated zones. The two unaerated zones represent the selector and the FAZ. The four aerated
zones represent the last two aeration passes of the aeration basin, split into two zones per pass. The
model also includes input streams for primary effluent and secondary effluent (effluent from the
trickling filter secondary clarifiers), as well as a groundwater return stream. Output streams include
the final effluent and WAS.
Ground Water Return

FAZ

AE Zone 1

AE Zone 2

AE Zone 3

AE Zone 4

PE

Selector
SE
WAS

Figure 4-1. Nampa process flow schematic in BioWin simulator
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The WWC data discussed in Section 3 were used to calibrate a steady-state simulation of the Nampa
WWTP operation over the 14-day sampling period. Modeling was conducted with one aeration basin
in service and with the FAZ unaerated, consistent with operation during the WWC period and the
anaerobic/oxic configuration recently implemented for biological phosphorus removal. Primary
effluent and secondary effluent flows were based on measured values. On average, approximately
38 percent of the primary effluent was being treated by the trickling filters during the WWC period. As
shown by the WWC data in Section 3, the trickling filters removed an average of 68 percent of the
primary effluent COD and were also achieving some nitrification despite the cold winter weather.
The operating dissolved oxygen (DO) concentration was set at a constant 2 mg/L for all aerated
zones, and the basin temperature was patterned based on mixed liquor temperatures measured
during the WWC period (average steady-state temperature of 13.8°C). Because all recycle flows
except RAS were included in the primary effluent measurements taken during the special sampling
periods, RAS is the only recycle stream in the simulation. The contribution of the other recycles was
assumed to be included in the primary effluent. A groundwater input stream was included in the
model to account for groundwater from dewatering pump stations that are returned downstream of
the primary effluent sampling location.
Simulations were performed for steady state conditions to determine the proper initial conditions for
calibration of the dynamic model. The dynamic model was then checked against operating data from
the WWC periods to produce a final calibrated dynamic model that accurately depicts the system
performance of the Nampa WWTP. Dynamic inputs were developed using the diurnal data collected
during the wastewater sampling periods (see Section 3). The results of the dynamic simulations were
compared to the measured effluent and mixed liquor characteristics to verify that the model was
properly calibrated. Simulation results are presented in the following sections.

4.1.2 Wastewater Fractions and Steady-State Simulation Results
Table 4-1 summarizes the main wastewater fractions used to simulate the primary effluent and
secondary effluent input streams, and compares the calibrated BioWin inputs to the average
observed values from the WWC. Table 4-2 provides a summary of average observed values and
model predictions for steady-state conditions, and demonstrates validation of the steady-state
model. The third column in Table 4-2 lists those parameters observed during the WWC period and
the last column of the table lists those values as predicted by BioWin. Examining the table shows
that the BioWin-predicted parameters are in close agreement with the plant measured values for
MLSS/MLVSS and all measured effluent parameters.
In general, the model calibration only required moderate adjustments from the base model, which
was developed using observed values and operational parameters for the WWC period and BioWin
default parameters. Modeled WAS flows were based on hourly WAS flow data, with only a minor
reduction in the WAS flow rate for the final calibrated model. As shown in Table 4-2, calibrated WAS
flows are within two percent of the plant-measured WAS flows, and the steady-state WAS mass is
also within four percent of the average observed WAS mass from the WWC period.
Predicted final effluent phosphorus concentrations are in close agreement with observed values,
indicating that the calibrated model accurately simulates biological phosphorus removal
performance for the Nampa WWTP. Observed soluble ortho-phosphorus concentrations are slightly
higher than predicted steady-state values (0.05 mg/L versus 0.02 mg/L), though the average
observed concentration also appears to have been skewed by one outlier that was measured during
the WWC (0.16 mg/L on December 13, 2016); the measured average total phosphorus
concentration on this day was still only 0.44 mg/L, similar to other days where soluble orthophosphorus was less than 0.05 mg/L. However, although the model accurately predicted soluble
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phosphorus concentrations, predicted final effluent total phosphorus concentrations with the base
models were approximately 0.2 mg/L lower than observed values. To provide a better match to
observed effluent total phosphorus concentrations, model calibration required an increase in the
predicted final effluent TSS concentration, which increases the particulate phosphorus concentration
in the effluent. A better match was achieved by simulating an average final effluent TSS
concentration of approximately 10 mg/L (by reducing removal efficiency of the final clarifiers in the
BioWin simulator). In comparison, the average observed final effluent TSS during the WWC period
was 5.4 mg/L. This difference is considered reasonable given the possible analytical difficulties with
measuring TSS in relatively dilute samples. TSS measurements can be influenced by a number of
factors, including pre-preparation of the filters and sample volume used for analysis. Measurements
of biological phosphorus removal activity, such as anaerobic phosphorus release in the selector
and/or FAZ, were not performed as part of the WWC and therefore only calibration to the measured
final effluent phosphorus concentrations was feasible as part of this analysis. Most importantly for
the secondary process capacity assessment (Section 9), which is governed by effluent total
phosphorus limits, modeling based on a final effluent TSS concentration of approximately 10 mg/L is
expected to provide a better prediction of actual effluent total phosphorus concentrations for the
Nampa WWTP.
In addition to wasting rates and predicted final effluent TSS, other parameters were also modified to
match the field-measured performance of the activated sludge system to that predicted by BioWin.
Primarily, this included modifications to nitrification kinetic parameters to provide a better match to
measured final effluent ammonia and nitrite concentrations. Growth-rate kinetics for ammonia
oxidizing bacteria (AOBs) and nitrite oxidizing bacteria (NOBs) were both increased slightly from
BioWin default values. Table 4-2 shows the maximum specific growth rates for AOBs and NOBs used
for the final calibrated model. Nitrification rate testing is recommended to validate these
modifications. Predicted steady-state effluent ammonia and nitrite concentrations provide a good
match to average observed values. Although predicted steady-state effluent ammonia-nitrogen is
slightly lower than the average observed effluent ammonia-nitrogen (0.10 mg/L versus 0.14 mg/L),
the dynamic model results correlate well with measured diurnal effluent ammonia, as well as all
other effluent nitrogen species (see Section 4.1.3). In general, dynamic modeling is required for
accurate prediction of nitrification performance.
Table 4-1. BioWin Wastewater Fractions Summary
Parameter

Primary effluent

Secondary effluent

Observed

Inputs to BioWin

Observed

Inputs to BioWin

Fbs

0.35

0.28

0.14

0.14

Fac

0.60

0.65

0.02

0.02

Fxsp

–

0.44

–

0.20

Fus

0.05

0.035

0.14

0.15

Fup

–

0.22

–

0.40

Fna

0.66

0.66

0.69

0.69

Fnox

0.61

0.61

0.49

0.49

Fpo4

0.59

0.59

0.67

0.67

COD/BOD

2.10

2.03

4.25

3.32

VSS/TSS

0.96

0.90

1.03

0.90
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Fbs = fraction of influent COD that is readily biodegradable COD.
Fac = fraction of influent readily biodegradable COD that is acetate.
Fxsp = fraction of influent COD that is particulate slowly biodegradable.
Fus = fraction of influent COD that is unbiodegradable soluble COD.
Fup = fraction of influent COD that is unbiodegradable particulate COD.
Fac = fraction of readily biodegradable COD that is VFAs.
Fna = fraction of TKN that is ammonia.
Fnox = fraction of total nitrogen that is particulate organic nitrogen.
Fpo4 = fraction of total phosphorus that is phosphate.

Table 4-2. BioWin Steady-State Calibration Summary
Unit

Observed

Predicted
by BioWin

mg/L
mg/L

4,696
3,810
0.81

4,606
3,876
0.84

WAS operation
WAS flow
WAS TSS
WAS mass
SRT

mgd
mg/L
lb/d
day

0.0836a
14,575
10,492
–

0.0819
14,801
10,115
11.5

Nitrification kinetic parameters
AOBs maximum specific growth rate
NOBs maximum specific growth rate

1/d
1/d

–
–

1.00
0.90

Final effluent
COD
Soluble COD
TSS
TKN
NH3-N
NO3-N
NO2-N
Alkalinity
Total phosphorus
Soluble ortho-phosphorus (PO4-P)

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

32
23
5.4
1.97
0.14
13.9
0.03
172
0.44
0.05

35
23
9.9
1.96
0.10
15.3
0.02
158
0.39
0.02

Parameter
Aeration basin
MLSS
MLVSS
MLVSS/MLSS

aWAS

flows calculated from hourly WAS flow data provided by the plant. Wasting typically starts daily at 7:00 AM and lasts for
approximately 12–16 hours.

4.1.3 Dynamic Simulation Results
As discussed in the previous section, dynamic simulations were also conducted for the Nampa
WWTP. The dynamic simulations demonstrate predicted performance relative to the daily average
and diurnal final effluent sampling from the WWC. Comparisons of the dynamic model predictions
with plant performance are shown on Figures 4-2 through 4-5 for the final calibrated model.
Measured values are shown as data points on each plot. Data points represent the measured
effluent concentration from each day of composite sampling (i.e., daily average); additional data
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points are shown for some of the parameters to represent the results of the diurnal final effluent
sampling conducted on December 13 and 14 (grab samples).
The dynamic simulation results for effluent COD show good agreement between predicted values
and plant measured values (Figure 4-2). There is some variation between the measured effluent
COD and that predicted by the model, but the model provides a reasonable estimate for both total
and soluble COD. Final effluent BOD is also a close match. In addition, the model provides accurate
predictions of final effluent nitrogen species (Figure 4-3 and Figure 4-4). Predicted final effluent
nitrate-nitrogen concentrations follow the daily observed trends and are generally just slightly higher
than observed values (Figure 4-3). Final effluent TKN, ammonia, and nitrite concentrations are also
in close agreement with measured values (Figure 4-4). The model even predicts the moderate spikes
in effluent ammonia observed during a couple days of the WWC period. Finally, the model also
provides a good prediction of effluent phosphorus, especially for soluble ortho-phosphorus (PO4-P).
The main discrepancy between predicted and observed soluble ortho-phosphorus is on December
13th, though analysis of the data suggests that this point is likely an outlier (see discussion in
previous section). For total phosphorus, it is unclear what caused the apparent daily variability in
measured concentrations (Figure 4-5). The measured data show daily variability in the effluent total
phosphorus concentration, even though measured soluble ortho-phosphorus concentrations (and
measured final effluent TSS) remained relatively constant. This discrepancy could be related to final
effluent TSS (see discussion in previous section).
50
45
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40
35
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25
20
15
10
5
0
12/06/16 12/08/16 12/10/16 12/12/16 12/14/16 12/16/16 12/18/16 12/20/1
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Total COD
COD_Diurnal
sCOD
BOD5

FE COD
FE Filtered COD
FE Total Carbonaceous BOD

Figure 4-2. Dynamic simulation of final effluent COD
Model output is given as a continuous plot, measured values by specific symbols at the time measured.
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Figure 4-3. Dynamic simulation of final effluent NO3-N
Model output is given as a continuous plot, measured values by specific symbols at the time measured.
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Figure 4-4. Dynamic simulation of final effluent TKN, NH3-N, and NO2-N
Model output is given as a continuous plot, measured values by specific symbols at the time measured.
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Figure 4-5. Dynamic simulation of final effluent phosphorus
Model output is given as a continuous plot, measured values by specific symbols at the time measured.

4.2 Observations and Conclusions
Overall, the final calibrated BioWin model provided accurate predictions of the activated sludge
system performance during the WWC period. The model accurately predicted both nitrification and
biological phosphorus removal in steady-state and dynamic conditions. Nitrification and biological
phosphorus removal are linked to the two main effluent permit limits that govern capacity of the
Nampa WWTP: effluent ammonia and effluent total phosphorus. This demonstrates that the
calibrated BioWin simulator is sufficiently accurate to use for predicting treatment capacity of the
activated sludge system with the newly implemented anaerobic/oxic configuration. Therefore, the
calibrated BioWin simulator for the Nampa WWTP was used in this plant capacity assessment
(Section 9).
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Primary Clarifier Evaluation
This section provides a summary of the results of the primary clarifier analysis for the Nampa WWTP.
The objective of this analysis was to evaluate the performance of the primary clarifiers to determine
the potential removal efficiencies for future flows and loads. This analysis included an evaluation of
the historical performance of the primary clarifiers and use of these data to develop a model
describing removal efficiency for TSS and BOD. This developed model will be used to describe
performance of the primary clarifiers for the whole plant capacity described in later sections.

5.1 Introduction
The Nampa WWTP has three circular primary clarifiers, numbered 1 through 3. Primary Clarifier 1 is
rarely used, as it is undersized (90-ft diameter), cracked, and over 50 years old. Primary Clarifier 2
(100-ft diameter, 10-ft side water depth) received a new mechanism and sludge pipeline in 2007.
Primary Clarifier 3 (120-ft diameter, 12-ft side water depth) was constructed in 2007. Primary solids
are thickened in the bottom of the primary clarifiers, along with secondary clarifier solids that are
returned to the primaries via the grit basins. The sludge is removed from the primary clarifiers via a
scraper to a center hopper, where it is then pumped to the primary digester(s) for solids stabilization.
Scum is skimmed from the water surface with a rake arm attachment and deposited into a scum pit;
from there, it is also pumped to the primary digester(s).
Primary clarifiers are located immediately downstream of the vortex grit removal system. Screened
and degritted wastewater is split between the three primary clarifiers at the primary influent splitter
box using gates. Flow rates are measured using a Parshall flume (Primary Clarifier 1) and magnetic
flow meters (Primary Clarifiers 2 and 3). The design capacities for the primary clarifiers are listed in
Table 5-1, along with the SORs used to determine those capacities.
Table 5-1. Primary Clarifier Capacities
Unit

Design capacity,
average day (mgd)

Design capacity,
peak day (mgd)

Surface overflow rate,
average day (gpd/ft2)

Surface overflow rate,
peak day (gpd/ft2)

Primary Clarifier 1

7.6

15.9

1,200

2,500

Primary Clarifier 2

9.4

19.6

1,200

2,500

Primary Clarifier 3

13.6

28.3

1,200

2,500

Total

30.6

63.8

–

–

The capacity assessment of the primary clarifiers involved a historical data analysis of the clarifiers’
ability to remove influent TSS and BOD, as discussed in Section 2.2. For the last few years, primary
clarifier TSS removal efficiencies ranged from about 50 percent to 70 percent, while BOD removal
efficiencies ranged from about 15 percent to 40 percent. Based on these removal efficiencies
observed with respect to the SOR, models were developed to describe the performance of the
primary clarifiers for both BOD and TSS removal.
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5.2 Primary Clarifier Modeling
Within practical considerations, the TSS entering a primary clarifier are either settleable or nonsettleable. However, BOD entering a primary clarifier is soluble, particulate associated with settleable
TSS, or particulate associated with non-settleable TSS. As a unit process, the primary clarifier
removes only settleable TSS and the particulate BOD associated with settleable TSS (Wahlberg,
1997).
Despite the fact that primary clarifiers remove only settleable TSS and the BOD associated with
settleable TSS, performance historically has been quantified based on the removal efficiency of TSS
and total BOD, calculated using Equations 1 and 2, respectively.
ETSS = 1 – (TSSPE/TSSPI)

(1)

where:
ETSS

=

TSS removal efficiency (often reported as a percentage)

TSSPE

=

primary effluent TSS concentration (mg/L)

TSSPI

=

primary influent TSS concentration (mg/L)

EBOD = 1 – (BODPE/BODPI)

(2)

where:
EBOD

=

BOD removal efficiency (often reported as a percentage)

BODPE

=

primary effluent BOD concentration (mg/L)

BODPI

=

primary influent BOD concentration (mg/L)

These equations form the basis of the primary clarifier efficiency analysis completed as part of this
work. The models developed in the following sections can be cautiously applied to predict the
performance of the primary clarifiers based on the influent TSS and BOD concentration and the
influent flow. It is important to note that these models are empirical and do not account for clarifier
hydraulics (other than SOR), short circuiting, or changes in the flocculation potential of incoming
solids.

5.2.1 TSS Removal Model
The primary clarifier TSS removal model is based on Equation 3, which relates performance to the
influent TSS concentration (TSSinf) and the SOR (gpd/ft2):
TSS removal = Eo exp(-b/TSSinf - c*SOR)

(3)

The model was first proposed by Tebbutt and Christoulas (1975) and reprinted in Wahlberg (1997).
In the equation, the constants [Eo, b, and c] are regression parameters. The model was calibrated
against Primary Clarifier 2 and 3 daily operating data from 2010 through 2016, as Primary Clarifier 1
was rarely used. The calibration resulted in the following fit:
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Eo = 0.9949
b = 45.9271
c = 0.00037
The historical data are plotted against the model in Figure 5-1.
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Figure 5-1. Primary clarifier TSS removal model

The TSS model shows a decrease in performance as SOR increases, especially as the SOR
approaches the 95th percentile value (95 percent of all data points fall below this SOR). The highest
daily SOR recorded from 2010 through 2016 was 1,547 gpd/ft2, well below the design peak hour
SOR of 2,500 gpd/ft2.
The TSS model fits with a positive R-squared value (0.21) and a root-mean-squared-error of 9.8
percent. The low R-squared value indicates a poor to modest fit of the data, which is typical of
modeling primary clarifiers.
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5.2.2 BOD Removal Model
The primary clarifier BOD removal model takes the form of Equation 4, which relates BOD removal to
the influent BOD (BODinf) and TSS concentrations, as well as to the clarifier’s TSS removal rate:
BOD removal = 1 – [A + B*TSSinf/BODinf*(1 – TSS removal)]

(4)

where [A and B] are regression parameters. Parameter [A] is the ratio of soluble BOD to total BOD in
the primary influent, while parameter [B] is the ratio of particulate BOD to TSS in the primary effluent.
SOR does not appear in Equation 4, but it is inherently built into the TSS removal efficiency term of
the model, as TSS removal is based in part on SOR (see Equation 3). The model was calibrated
against Primary Clarifier 2 and 3 daily operating data from 2010 through 2016, resulting in the
following fit:
A = 0.6175
B = 0.2542
The historical data are plotted against the model output in Figure 5-2.
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Figure 5-2. Primary clarifier BOD removal model

In this case, the model fit is fairly poor, with an R-squared value of 0.09 and a root-mean-squarederror of 11.5 percent. The model predicts a tighter range of BOD removal outcomes than the
clarifiers actually see; the observed BOD removal outcomes are highly variable for a given influent
BOD concentration.

5.3 Results and Conclusions
The primary clarifier design capacities, listed in Table 5-1, are based on SORs of 1,200 gpd/ft2 for
average day flow and 2,500 gpd/ft2 for peak day flow. The total peak day capacity with all three
clarifiers in service is 63.8 mgd (30.6 mgd average day). Redundancy is not required from a
regulatory standpoint, but Primary Clarifier 1 is rarely used and may require repairs. With Primary
Clarifier 1 out of service, the total peak day capacity of the primary clarifier system is 47.9 mgd (23.0
mgd average day). The firm peak day capacity with Primary Clarifier 1 out of service is 19.6 mgd; this
scenario may be realized if Primary Clarifier 2 or 3 must be taken offline for maintenance. While not
a regulatory constraint, the firm capacity is a practical limitation for operation.
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The primary clarifier TSS and BOD removal models developed in this section are listed below with
regression parameters inserted into the equations. These models are used to predict the primary
effluent TSS and BOD concentrations for all subsequent analyses in this capacity assessment.
TSS removal = 0.9949*exp(-45.9271/TSSinf – 0.00037*SOR)
BOD removal = 1 – [0.6175 + 0.2542*TSSinf/BODinf*(1 – TSS removal)]
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Final Clarifier Evaluation
This section presents the results of the performance analysis of the existing Nampa WWTP final
clarifiers. Historical data were used to complete an uncalibrated State Point Analysis (SPA) to help in
determining the capacity of the secondary clarifiers. The SPA completed here is uncalibrated as no
field data were collected (mixed liquor settling or clarifier performance testing) to properly calibrate
the SPA to the settling conditions of the mixed liquor.

6.1 Introduction
The Nampa WWTP has three final clarifiers, each with a diameter of 120 feet. Clarifiers 1 and 2 have
a side water depth of 13.0 ft, while Clarifier 3 has a side water depth of 15.0 ft. Effluent launders for
Clarifiers 1 and 2 are out-board and do not impact the surface area of the clarifier. The effluent
launder for Clarifier 3 is in-board, just inside the outer wall; this location has minimal impact on
clarifier surface area. The energy dissipating inlet to each of the clarifiers is 20-ft in diameter. The
centerwell is 36-ft in diameter and 5.75-ft deep. Each clarifier is equipped with a 2-ft wide horizontal
ring baffle (Stamford-type baffle) mounted 8-ft off the bottom of the tank. Sludge is removed via a
spiral scraper system (WesTech COPC1C) into a sludge withdrawal ring, from which it is pumped to
the head of the aeration basins, or wasted to the dissolved air flotation thickener for thickening prior
to digestion. RAS is typically flow-paced at 35–50 percent of the influent flow rate.

6.2 Historical Effluent TSS Concentration Data
Historical plant performance has been excellent for the Nampa WWTP. Figure 6-1 shows the daily
average final effluent TSS concentration reported from June 2012 through June 2016. Over that 4year span, effluent TSS concentrations have exceeded 20 mg/L only 14 times and have exceeded
30 mg/L only once. Both summer and winter months have experienced temporary peaks in effluent
TSS concentrations. The average effluent TSS concentration for the historical period is 7 mg/L and
the standard deviation is ± 4 mg/L.
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Figure 6-1. Daily average effluent TSS concentrations, 2012–2016

6.3 Historical Sludge Volume Index Data
Sludge volume index (SVI) is a measure of the settleability of the mixed liquor and can be used to
evaluate the available capacity of the secondary clarifiers. Generally speaking, the lower the SVI, the
better the mixed liquor settles and the more flow a plant can push through its clarifiers.
From June 2012 to June 2016, the Nampa WWTP maintained a mixed liquor SVI between
approximately 50–200 mg/L, as shown in Figure 6-2. Figure 6-2 also shows a definite cycle each
year, with SVIs increasing during the early winter months and decreasing in the spring. This cycling
likely occurs in conjunction with the TASCO beet processing campaign, which starts in the early
winter months. During the campaign, TASCO sends high BOD loads to the plant, resulting in an
increase in SVI values. After the campaign ends in early spring, the SVIs begin to decrease. While the
cyclical seasonal pattern is clear, the exact cause of the swings in SVI cannot be confirmed without
more investigation into the type of bulking occurring.
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Figure 6-2. Nampa sludge volume index, 2012–2016

A distribution of SVI for the plant during the summer (May–October) and winter (November–April)
periods, as well as the yearly data, are shown in Table 6-1. The percentile distribution in this table is
the percent of the time the SVI is measured at or below that value. For instance, 90-percent of the
summer SVI values are at or below 100 mL/g. The 50th percentile is the average SVI, while the
100th percentile is the absolute highest measured SVI. From these data, the winter SVI is
consistently higher than the summer SVI, showing the influence of the TASCO beet processing
campaign during the winter months. The winter peak SVI measured (278 mL/g) is more than double
the summer peak SVI (126 mL/g); the winter peak SVI is high and indicative of a poor settling,
bulking sludge. The yearly average SVI of 84 mL/g indicates that the plant typically has a well-settling
sludge.
Table 6-1. Nampa Historical SVI Distribution (mL/g), 2012–16
Percentile

Summer

Winter

Yearly

0

35

47

35

50

69

93

84

90

100

156

137

95

108

173

157

100

126

278

278
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6.4 State Point Analysis of Historical Data
An SPA uses SVI data to help in determining the capacity of secondary clarifiers under various
operating conditions. Typically, designers use the 90th or 95th percentile SVI for determining clarifier
capacity instead of the average SVI because of the risk associated with higher SVIs occurring at the
same time as higher flows. The 90th or 95th percentile SVI also presents the capacity under the
most limiting conditions that may typically be observed for the clarifiers.
An SPA on the Nampa final clarifiers was completed in July 2012 as part of Technical Memorandum
T-07. That analysis used the 90th percentile SVI value from 2009–2012 (177 mL/g), which is
slightly higher than the 95th percentile SVI value from 2012–2016 (157 mL/g). The 2012 analysis
also produced an SPA for an SVI of 150 mL/g, assuming future upgrades would lead to better
settling sludge. This value is very close to the 95th percentile winter SVIs from 2012–2016 (157
mL/g), and should still be considered an applicable assumption for SVI. Since the SVI values are
similar, and the clarifier operation has remained basically unchanged, the 2012 analyses are still
applicable and were used for this capacity analysis.
To determine clarifier capacity, the selected SVI values (177 and 150 mL/g) were used in
conjunction with the maximum RAS return rate for a single clarifier (6.9 mgd). Figure 6-3 shows the
SPA curve generated for an SVI of 177 mL/g and an MLSS concentration of 3,220 mg/L (50th
percentile MLSS concentration for 2009–2012). For these conditions, the final clarifier capacity is
6.75 mgd per clarifier (SOR = 600 gpd/ft2, SLR = 32.4 lb/d/ft2), assuming a constant flow. However,
due to uncertainties in the measurements and imperfections in the clarifier hydraulics, this capacity
must be de-rated by 20 percent as a factor of safety. This yields a capacity of 5.4 mgd per clarifier, or
a firm capacity (one secondary clarifier out of service) of 10.8 mgd and a total capacity of 16.4 mgd.
These values translate to a de-rated SLR of approximately 26 lb/d/ft2 for the Nampa final clarifiers.

Solids Flux (lb/ft2d)

35
30
25
20
15
10
5
0
0

5

10

15

Solids Concentration (g/L)
EJ Wahlberg, April 1996

Figure 6-3. State Point Analysis for SVI = 177 mL/g, MLSS = 3,220 mg/L, RAS flow = 6.9 mgd

At an SVI of 150 mL/g, a RAS rate of 6.9 mgd per clarifier, and an MLSS concentration of 3,200
mg/L, the capacity of each clarifier would be 6.8 mgd (SLR = 29 lb/d/ft2), including a 20-percent
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derating factor. This capacity is significantly higher than the capacity of the clarifiers using an SVI of
177 mL/g. Since an SVI of 150 mL/g better represents the recent 90-to-95th percentile SVI values,
this capacity and allowable SLR will be used for further development of plant capacity in subsequent
sections.

6.5 Conclusions and Recommendations of SPA
The following conclusions and recommendations were derived from the final clarifier historical data
analysis and SPA:
•
Current performance of the final clarifiers at the Nampa WWTP is excellent, with effluent TSS
rarely exceeding 20 mg/L.
•
The capacity of each final clarifier is 6.8 mgd (SLR = 29 lb/d/ft2), determined using the SPA
method (with a 20-percent de-rating factor) and the following values:

−
−
−
•
•
•

150 mL/g SVI
3,200 mg/L MLSS

RAS rate of 6.9 mgd per clarifier
Operating at lower SRTs will lower the MLSS operating concentration. This will increase the
clarifier capacity by reducing the solids load applied to the clarifiers.
Operating at higher SRTs will increase the MLSS operating concentration. This will decrease the
clarifier capacity by increasing the solids loading applied to the clarifiers.
Increasing the RAS return rate can increase the clarifier capacity by removing solids faster than
they can build up. Because the clarifiers are not limited under normal operating conditions,
increasing the RAS rate should be considered only during periods of high flow or bulking. The
analyses here already considered the maximum currently installed RAS pumping capacity for
each clarifier when evaluating capacity. Therefore, to further increase capacity, additional RAS
pumping capacity would be required.
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Hydraulic Capacity
BC developed a hydraulic profile model of the Nampa WWTP that evaluates the hydraulic capacity of
existing processes. This section describes model development, key modeling assumptions, and
hydraulic capacity modeling results.

7.1 Model Development
BC calculated hydraulic profiles for different flow and operating conditions to determine hydraulic
constraints throughout the liquid stream processes. The profile extends from the mechanical bar
screens in the headworks to the Indian Creek outfall. The following sections describe the
development of the hydraulic profile model, including descriptions of the modeling software, plant
design references, vertical datum, operating configurations, system flows, and model calibration.

7.1.1 Modeling Software
The hydraulic profile model was developed using the software Visual Hydraulics (VH) (version 4.2), a
commercially licensed software program developed by Innovative Hydraulics. VH is a onedimensional hydraulic profile model that employs the standard step calculation method to calculate
water surface levels through a wastewater treatment plant. Calculations are initiated with a known
water surface elevation at the downstream end of the plant and progress backwards against the
main wastewater flow through the WWTP, calculating the hydraulic grade line (HGL) through each
upstream element, accounting for frictional and minor losses in both open channels and pressurized
conduits. VH includes most hydraulic features of a treatment plant, including full flow pipes, open
channels, weirs, orifices, gates, launders, flumes, racks, screens, and filter media. The program
provides the ability to analyze flow splits, parallel flow paths, and flow combinations.

7.1.2 Plant Design References
The Nampa WWTP liquid stream processes have been modified a number of times since original
construction in 1979. Several sources where referenced to develop a complete and consistent
hydraulic profile model for the Nampa WWTP, as summarized in Table 7-1.
Table 7-1. Model Development References
Title

Reference

Year

Vertical datum

Primary and Secondary Treatment Systems Modifications
Contract 4

CH2M Hill

1979

NGVD29

Nitrification and Chlorination Facilities
Contract 5

CH2M Hill

1980

NGVD29

Secondary Clarifier Replacement

HDR

2000

NGVD29

Wastewater Treatment Plant Improvements
Final Clarifier No. 3

MWH

2006

NGVD29

Nampa WWTP Hydraulic Improvements

MSA

2010

NGVD29

Brown and Caldwell

2007

NGVD29

PROFILE – Predesign Hydraulic Profile Model
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Table 7-1. Model Development References
Title

Reference

Year

Vertical datum

J-U-B

2014

NAVD88

CH2M Hill

2015

NAVD88

Site Survey
Phase 1 Upgrades – Project Group A

7.1.3 Vertical Datum
Many of the improvements were constructed using the NGVD29 vertical datum, while more recent
projects were constructed using the NAVD88 vertical datum. The vertical datum conversion from
NGVD29 to NAVD88 for the site is approximately +3.06 feet. However, there are some deviations
from this standard conversion throughout the references listed above due to either settlement or asbuilt conditions around the site. For this reason, BC used the site survey performed by J-U-B (2014)
as the standard for establishing the NAVD88 elevations throughout the VH model.
Critical elevations at weirs, launders, orifices, and top of concrete (TOC) in the updated VH model
were based on the J-U-B survey and the 2015 CH2M Hill hydraulic profile where appropriate. Other
less-critical elevations such as tank and channel inverts were converted from NGVD29 to NAVD88
with an average conversion for the site of +3.02 feet, based on the average of surveyed elevations.

7.1.4 Operating Configurations
Two VH models of the Nampa WWTP were developed to test the firm capacity and total capacity of
the existing facilities at plant. For the firm capacity configuration, we modeled one unit in each
treatment process as out of service. For the total capacity configuration, BC assumed all existing
units were in service. Table 7-2 provides a summary of the number of units online/total units for
each operating configuration used in the hydraulic capacity evaluation.
Table 7-2. Units Online/Total Units for Firm and Total Capacity Operating Configurations
Operating
configuration

Screens

Grit
Primary
chambers clarifiersa

Trickling
filters

Secondary
clarifiers

Aeration
basins

Final
clarifiers

Chlorine
Post-aeration
contact tanks
basins

Firm capacity

2/3

2/2

2/3

1/2

1/1

2/3

2/3

2/2

2/2

Total capacity

3/3

2/2

3/3

1/2

1/1

3/3

3/3

2/2

2/2

aPrimary

Clarifier No. 1 out of service.

7.1.5 System Flows
BC tested the models over a range of system flows to verify the model using present-day (2016)
operating flows, and then to test plant capacity at projected flows based on the hydraulic planning
criteria. BC modeled present-day max month flow (MMF) and peak hourly flow (PHF) to verify that the
modeling results were consistent with observed operations. The future PHF conditions from 2020
through 2065 were then used to determine the hydraulic capacity of the existing facilities in each
treatment train. Table 7-3 provides a summary of influent flows used in this analysis. In each case, a
RAS recirculation rate of 50 percent of the influent flow was used to determine total flows through
the secondary treatment train.
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Table 7-3. Hydraulic Capacity Planning Criteria
Planning year

Design condition

Influent flow
(MGD)

2016

MMF

18

2016

PHF

26

2020

PHF

28.2

2025

PHF

29.1

2030

PHF

30.0

2035

PHF

31.9

2040

PHF

33.7

2065

PHF

43.2

7.1.6 Model Calibration
Calibration was carried out by measuring water levels at various locations throughout the plant, and
comparing measured water levels to calculated water levels for a known flow condition. In this case,
water levels were measured during a period when plant influent flow averaged 11.4 mgd. Figure
below provides a comparison of measured versus modeled water surface elevations throughout the
plant.

Figure 7-1. Hydraulic profile model calibration chart. Plant influent flow of 11.4 mgd.
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The downstream-most process (post-aeration basin) is shown at the left, and proceeds upstream
from left to right. As shown, the hydraulic model generally provides an accurate estimation of water
levels throughout the plant. There are three areas with obvious deviations:
•
The model under-estimates water level in the Final Clarifier Splitter box likely because of
hydraulic losses associated with the chlorine mixing chamber that were not accounted for in the
model. Future modeling efforts should include a detailed field assessment of hydraulic losses
between the chlorine contact tanks and the Final Clarifier Splitter box.
•
The model over-estimates wetwell level at PEPS. This is deemed a not-issue as the deviation is
less than 1 foot, and is well-within the expected operating range of the wetwell.
•
The model under-estimates water level downstream of the flow splitter weir in the primary flow
splitter box. This could possibly be a result of deposition in the primary clarifier influent piping
that was not accounted for the in the model. Future modeling efforts should include a detailed
field assessment of hydraulic losses between the primary clarifiers and the primary flow splitter
box.
The accuracy of the hydraulic model developed in this study is sufficient for assessing plant capacity.
The deviations between the model and measurements should be assessed in more detail as part of
any future design effort.

7.2 Assumptions and Limitations
The following sections describe the key assumptions and limitations of this analysis.

7.2.1 Key Assumptions
1. The hydraulic profile calculations are based on the downstream water surface elevation of
2451.40 feet at the Indian Creek outfall. This water surface elevation corresponds to the 100year flood stage in Indian Creek using the NAVD88 vertical datum.
2. RAS recirculation rate of 50 percent is used for calculating total flow through the secondary
processes during PHF and PDF conditions.
3. In-plant groundwater dewatering flows of up to 1.5 mgd continuously enter the liquid stream at
the Primary Effluent Pump Station wetwell.
4. Secondary sludge from the remaining Secondary Clarifier adds a recirculating flow of 0.55 mgd
between the Primary Influent Mixing Box and Collection Box #3.
5. The hydraulic capacity of the tricking filter and secondary clarifier treatment train is limited to the
pumping rates at the Trickling Filter Recirculation Pump Station and the Trickling Filter Effluent
Pump Station. This treatment train was assumed to have a firm capacity of 6.6 mgd in all cases
based on the firm capacity of the Trickling Filter Effluent Pump Station. Hydraulic modeling of
this system confirms that the trickling filters and Secondary Clarifier have adequate capacity to
convey flows much greater than 6.6 mgd without flooding.
6. For channels with aerated flow, the modeled Manning’s roughness coefficient, n, was increased
from n = 0.013 to n = 0.03 to simulate the effects of air hold-up from coarse bubble diffuser
aeration in these channels.
7. Flow split between parallel units is equal. Uneven flow splits could lead to excessively high flows
to one unit and create a capacity constraint that would not occur if the system has even flow
splits.
8. Mechanical bar screens are modeled using the Bernoulli theory, with 30 percent blinding.

7-4
Use of contents on this sheet is subject to the limitations specified at the end of this document.
City of Nampa WWTP Capacity Assessment_1.22.18.docx

City of Nampa WWTP Capacity Assessment

Section 7

7.2.2 Limitations
This hydraulic capacity review only evaluates the gravity flow portion of the main liquid stream
through the plant and does not evaluate any of the other flow streams of the plant. Areas that were
not directly modeled in this evaluation include the following:
•
Solid stream flows such as flow in the sludge handling, digester, and dewatering systems
•
Pumped flow streams such as waste activated sludge, return biological sludge, and primary
sludge
•
Sidestream flow areas
•
Headworks screenings and grit-related flows
•
Chemical feed systems
The analysis presented in this chapter is also limited to evaluating the hydraulic capacity of each
treatment process and identifies the flows at which hydraulic control points become submerged
resulting in a loss of hydraulic separation between processes, or loss of freeboard and spilling of
process fluid out of the tank or channel in question.

7.3 Capacity Analysis Results
The VH model was used to determine the Firm and Total capacity of the existing facilities and identify
hydraulic bottlenecks throughout the liquid stream.

7.3.1 Existing Facilities
Table 7-4 provides a summary of the calculated hydraulic capacity, HGL, and freeboard for each
structure evaluated for the Firm Capacity and Total Capacity scenarios considering the existing
facilities and hydraulic bottlenecks. The results in Table 7-4 were generated by adjusting plant flows
beginning at the downstream end of the profile until each process unit triggered a capacity limitation.
In this case, capacity limitations were defined as either:
1. Submerging the effluent weir of the given process unit, or
2. Freeboard between the HGL to top or concrete (TOC) is less than 1 foot.
The plant flow and HGLs that triggered the capacity limitation at each unit process was noted, the
analysis then continued upstream, again increasing or decreasing plant flow until the process unit in
question reached capacity. The grey shaded cells in Table 7-4 highlight instances where one of the
capacity limit criteria above was reached. Effluent weir elevations are underlined to easily distinguish
which criteria are used to identify capacity limitations.
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Table 7-4. Visual Hydraulics Modeling Results—Existing Facilities
Critical
elevation
(feet)

Location

Firm capacity

Total capacity

Plant
influent
flow
(mgd)

HGL
(feet)

Freeboard
(feet)

Plant
influent
flow (mgd)

HGL
(feet)

Freeboard
(feet)

Mechanical bar screens (TOC)

2,463.1

30

2,462.1

1

42

2,462.09

1.01

Grit chambers (TOC)

2,463.1

31.9

2,461.09

2.01

45

2,461.22

1.88

Grit effluent weir

2,460.47

31.9

2,460.48

-0.01

45

2,460.42

0.05

Primary influent splitter box (TOC)

2,463.1

45

2,461.27

1.83

45

2,460.31

2.79

Primary influent splitter box
weir

2,459.06

68

2,459.08

-0.02

95

2,459.11

-0.05

Primary clarifiers (PC3) (TOC)

2,462

68

2,456.28

5.72

95

2,456.69

5.31

PC3 effluent weir

2,455.42

75

2,455.49

-0.07

90

2,455.42

0

Collection Box #3 (TOC)

2,461.06

75

2,451.47

9.59

90

2,452.9

8.16

2,457

43.2

2,447.25

9.75

43.2

2,447.25

9.75

Aeration basins (AB#3) walkway a

2,463.3

12

2,462.3

1

18

2,462.3

1

Aeration basins (AB#3) (TOC)

2,464.0

12

2,462.3

1.7

18

2,462.3

1.7

Aeration basins (AB#3) effluent
weir

2,461.1

22.5

2,461.08

0.02

33

2,461.05

0.05

Aeration basins (AB#2) walkway a

2,461.9

23

2,460.87

1

33.7

2,460.91

1

Aeration basins (AB#2) (TOC)

2,464.9

23

2,460.87

4.0

33.7

2,460.91

4.0

Aeration basins (AB#2) effluent
weir

2,459.1

14

2,459.11

-0.01

20.5

2,459.05

0

Final clarifier flow splitter box
(TOC)

2,461.41

22.5

2,458.67

2.74

33

2,458.81

2.6

Final clarifier flow splitter box
weir

2,457.83

20

2,457.82

0.01

31

2,457.87

-0.04

Final clarifier (FC#3) (TOC)

2,460.85

20

2,456.36

4.49

31

2,456.36

4.49

Final clarifier (FC#3) effluent
weir

2,456.08

29.1

2,456.05

0.03

31.5

2,456.05

0.03

Final clarifier effluent splitter box
(TOC)

2,456.88

30

2,455.84

1.04

31.5

2,455.88

1

Final clarifier effluent mixing box
(TOC)

2,456.88

30

2,455.47

1.41

33.7

2,455.81

1.07

Chlorine mixing station (TOC)

2,457.16

30

2,454.99

2.17

33.7

2,455.26

1.9

Chlorine contact chamber (TOC)

2,457.92

30

2,454.61

3.31

33.7

2,454.82

3.1

Chlorine contact chamber effluent
weir

2,453.42

24

2,453.44

-0.02

24

2,453.46

-0.04

No. 4 water PS wet well (TOC)

2,458.12

24

2,453.24

4.88

24

2,453.25

4.87

Primary effluent pump station
wetwell (TOC)
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Table 7-4. Visual Hydraulics Modeling Results—Existing Facilities
Critical
elevation
(feet)

Location

Firm capacity

Total capacity

Plant
influent
flow
(mgd)

HGL
(feet)

Freeboard
(feet)

Plant
influent
flow (mgd)

HGL
(feet)

Freeboard
(feet)

Post aeration basin (TOC)

2,459.89

24

2,452.59

7.3

24

2,452.61

7.28

Post aeration basin effluent
weir

2,451.63

17

2,451.66

-0.03

17

2,451.69

-0.06

Outfall (TOC)

2,458.42

43.2

2,451.4

7.02

43.2

2,451.4

7.02

aDue

to the length of the AB weirs (50+ feet), dramatic flow changes are required to the freeboard to the walkway. For reference,
accepting 0.1 foot violation of freeboard requirement: Firm Capacity = 24 mgd, HGL = 2,462.4 feet (0.92 feet freeboard); Total
Capacity = 33.7 mgd, HGL = 2,462.36’ (0.94’ freeboard).

A comparison between hydraulic capacities for the Firm Capacity and Total Capacity configurations is
summarized by the following observations.
•
Disinfection and Post Aeration hydraulic capacity (downstream of the Final Clarifiers) is the same
for both the Firm and Total Capacity configurations. The hydraulic capacity of the existing
Disinfection and Post Aeration system is limited to 17 mgd.
•
Secondary treatment hydraulic capacity (Aeration Basins and Final Clarifiers) is significantly
increased when the additional units in the Total Capacity configuration are online.
•
The capacity of the Aeration Basins is limited by the 1-foot minimum freeboard requirement
stated previously. However, due to the length of the Aeration Basin weirs (over 50 feet), flows
can be increased significantly without substantial reduction in freeboard. As an example, Firm
and Total capacities could be increased to 24 mgd and 33.7 mgd, respectively, while still
maintaining freeboards greater than 0.9 feet.
•
Primary treatment hydraulic capacity is not hydraulically limited for the flows considered in this
analysis.
•
Grit and screening facilities have the hydraulic capacity to pass 42 mgd in the Total Capacity
configuration, but only 30 mgd in the Firm Capacity configuration.
As summarized above, the main hydraulic capacity limitations are associated with the Post Aeration
Basin, Chlorine Contact Channel, and Secondary liquid streams.

7.3.2 Hydraulic Limitations
Hydraulic limitations or bottlenecks are areas in the liquid stream flow path that cause excessive
headloss, resulting in flooding or loss of adequate freeboard between the HGL and TOC, or
submergence of process effluent weirs or flow splitting structures. Velocities through gravity driven
pipes and channels, should be maintained between 2–3 feet per second to minimize headloss, while
still maintaining sufficient velocity to prevent sedimentation in pipes and channels. There are several
pipes and channels connecting between processes at the Nampa WWTP that violate the maximum
velocity criteria for the Firm and Total capacity configurations at higher flows, leading to excessive
headloss that diminishes freeboard throughout the liquid stream, and submerges process effluent
weirs and flow splitting structures.
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Table 7-5 provides a summary of hydraulic capacity limitations throughout the Nampa WWTP liquid
stream, as well as alternatives for eliminating the hydraulic bottlenecks and increasing hydraulic
capacity through the plant.
Table 7-5. Summary of Hydraulic Capacity Limitations
Capacity location

Firm
capacity
(mgd)

Total
capacity
(mgd)

Capacity
limitation

Mechanical bar screens (TOC)

30

42

Inadequate
freeboard
between HGL and
TOC

Grit effluent weir

31.9

45

Process effluent
weir submerged

• Lower primary influent distribution weirs.

Aeration basins (AB#3)
walkway a

18.0 a

Inadequate
freeboard
between HGL and
TOC a

• Add parallel AB units.

12.0 a

Aeration basins (AB#3) effluent
weir

22.5

33

Process effluent
weir becomes
submerged

• Add parallel AB units.

Alternatives for eliminating hydraulic
bottlenecks
• Add parallel screening units
• Raise headworks TOC

• Expand primary influent distribution box.
• Accept freeboard of 0.9 feet in AB units to

allow flows up to 24 mgd (Firm) and 33.7
mgd (Total). a

• Add parallel AB effluent piping for AB3 and

AB2

• Incorporate active flow measurement and

Final clarifier flow splitter box
weir

Final clarifier (FC#3) effluent
weir

20

29.1

31

Flow distribution
weir becomes
submerged

31.5

Process effluent
weir becomes
submerged

control to ensure uniform distribution
between FCs
• Reconfigure flow splitter box using
cutthroat flumes for flow distribution.
• Add parallel FC units
• Eliminate downstream hydraulic

bottlenecks in CCT and PA systems

• Add parallel FC effluent piping for future

FCs

• Raise TOC of FC splitter box and mix box to

provide adequate freeboard between max
HGL and TOC.
• Add parallel FC effluent piping for future
FCs
• Eliminate downstream hydraulic
bottlenecks in CCT and PA systems

Final clarifier effluent splitter
box (TOC)

30

31.5

Inadequate
freeboard
between HGL and
TOC

Chlorine contact chamber
effluent weir

24

24

Process effluent
weir submerged

• Add parallel effluent pipes between CCT

Post aeration basin effluent
weir

17

17

Process effluent
weir submerged

• Expand PA system and add parallel effluent

effluent and PA basins

pipes between PA and Outfall

aOriginal

design intent in Phase 1 Upgrades – Project Group A (CH2M Hill, 2015) drawings shows freeboard of 0.58 feet to AB#3
Walkway TOC at peak hour influent flow of 26 mgd. This does not comply with IDAPA freeboard requirements, and leads to freeboard
limitations for Firm and Total Plant Capacity. However, given the length of the AB effluent weir, flows through AB#3 can be increased
dramatically without significant reduction in freeboard.

7.4 Conclusions
With the exception of the Post Aeration system, most of the plant has adequate total hydraulic
capacity to pass the present 2016 MMF of 18 mgd without excessive flooding of weirs or loss of freeboard. At flows above 18 mgd, some process weirs begin to become submerged, and the freeboard
requirement of 1 foot is violated in the Aeration Basins. As summarized in Table 7-5, parallel process
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units for the Final Clarifiers and Aeration Basins will be required to increase the Firm Capacity of the
plant to the 2030 PHF of 30 mgd; although even at this flow there is a modest freeboard violation
(less than 0.1 foot violation) in the Aeration Basins. Additional Disinfection and Post Aeration process
units would also be required to eliminate the hydraulic bottlenecks down-stream of the Chlorine
Contact Tank effluent weir and Post Aeration effluent weir.
Beyond 31 mgd, the Final Clarifier splitter weirs become submerged under the Total Capacity
configuration, which could lead to uneven distribution of flow to the Final Clarifiers. Active flow
measurement and control or reconfiguration of the Final Clarifier splitter box with cutthroat flumes
would be required to provide uniform flow distribution among the Final Clarifiers beyond 31 mgd.
The hydraulic Firm Capacity of the headworks is 30 mgd, corresponding to the 2030 PHF. Additional
units and adjustment of hydraulic controls would be required to increase firm capacity of the
headworks beyond 30 mgd.
The Primary Clarifiers and Primary Flow Splitter Box Weir have adequate freeboard to pass as much
as 68 mgd and 95 mgd for Firm and Total capacity configurations.
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Disinfection
8.1 Background
To provide disinfection, the Nampa WWTP contains two chlorine contact basins with a volume of
259,200 gallons each. The facility operates with one basin in service and utilizes the other basin
during periods of high suspended solids concentration; when contact time must be increased due to
particles shielding bacteria from disinfection. Sodium hypochlorite is injected into the secondary
effluent pipeline 55 feet upstream from the chlorine mixing station with a chemical metering pump
for increased accuracy. Following the chlorine contact chamber, the disinfected effluent flows to the
#4 water wet well where it is dosed with sodium bisulfite to reduce the chlorine residual prior to
discharge. The sodium bisulfite addition is not automated and is manually set based on the previous
days’ effluent hypochlorite reading and daily hypochlorite dose. The dose is adjusted manually every
2 hours based on effluent grab samples measured in the lab for chlorine residual.

8.2 Approach
To determine the capacity and performance of the current disinfection system, the system was
evaluated in the following three ways:
•
Contact time comparison with design guidelines from the state of Washington’s Department of
Ecology (WADOE)
•
Assessment of E. coli counts from 2012–2016
•
Assessment of chlorine residual concentration from 2012–2016

8.3 Contact Time Evaluation
The Idaho Wastewater Rules does not specify a minimum contact time for a chlorination disinfection
system. Therefore, the Criteria for Sewage Works Design provided by the State of Washington’s
Department of Ecology was used to provide an estimate. These guidelines recommend that chlorine
contact chambers provide a minimum of 1-hour detention at average daily design flow or 20 minutes
detention at peak daily design flow, whichever is greater. They also recommend a chlorine dose
between 2 and 8 mg/L, equating to minimum CT values of 120 milligram minute per liter (mg·min/L)
at average flow and 40 mg·min/L at maximum daily flow.
The Nampa WWTP had an average daily flow of approximately 10.6 mgd from 2012 to 2016. This
corresponds to a detention time of approximately 35 minutes when utilizing a basin volume of
259,200 gallons. While this is well below the recommended detention time of 60 minutes, the CT
guideline can still be met by increasing the chlorine dose from the minimum of 2 mg/L to 3.40 mg/L.
This dose is still well below the average dose over the past 5 years (4.80 mg/L). The average
maximum daily flow in the 2012–2016 period was approximately 17.2 mgd, which equates to a
detention time of 22 minutes (required dose of 1.8 mg/L).
Because the recommended maximum dose of chlorine is 8 mg/L, the facility could utilize one
contact chamber until the average flow rate through the facility reached 24.9 mgd, although high
chlorine dosing may make this cost prohibitive. The Idaho Wastewater Rules doesn’t have a
requirement for redundancy in a chlorination system. Therefore, both chlorine contact chambers can
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be used (flows up to 49.8 mgd) provided there is a low flow period with flows less than 24.9 mgd in
which one chlorine contact basin can be taken offline to perform routine cleaning and maintenance.
During the last five years, the required CT has not been met on 146 days (8.8 percent) based on
average daily flows. To meet the minimum recommended chlorine dose of 120 mg·min/L
recommended by WADOE, the chlorine dose would need to be increased by an average of 0.29 mg/L
to a total dose of 3.40 mg/L. However, this has not had any detrimental effects on effluent quality as
discussed below.

8.4 E. coli Removal
According to the NPDES permit, the average monthly limit for effluent E. coli is 126 colonies per 100
mL (geometric mean) and the instantaneous maximum is 576 colonies per 100 mL. In the last 5
years, the maximum daily limit was exceeded once in October 2013. The monthly geometric mean
has not exceeded the monthly limit in the past five years (Figure 8-1). The target chlorine dose is
determined by the previous day’s E. coli values. Exceedances are possible when a variation in
influent E. coli concentration occurs and the chlorine dosing system does not respond.
A summary of the E. coli detections in the effluent is shown in Table 8-1. These values demonstrate
performance well within permit requirements and a very low risk of violation.
1600
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Daily Data

Colonies/100 mL

1200
Average
Monthly
Limit
Maximum
Daily Limit

1000
800
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400
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Mean

200
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Figure 8-1. Disinfection system performance summary
Table 8-1. E. coli Measured Values, 2012–2016
Monthly geometric mean (#/100 mL)

Daily (#/100 mL)

Mean

18.02

28.47

90th percentile

26.50

42.60

95th percentile

33.06

62.20

99th percentile

49.14

158.0

In order to try to correlate the effluent E. coli colony forming unit counts against the disinfection
system installed at the plant, a plot of colony forming units versus CT was developed. The historical
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data shows little correlation between E. coli counts and CT (Figure 8-2). The highest count of the last
five years was observed when the CT was over 150 mg-min/L, which is higher than the average
recommended CT from the WADOE. As exceedance doesn’t seem to correlate to CT, the exact reason
for the high values is more likely related to discharge of high effluent TSS. As the average TSS
concentration from the last five years was 7.1 mg/L, less than a third of the average monthly NPDES
effluent limit of 30 mg/L, it may help explain the excellent performance of the disinfection system, as
such low solids content cause the effluent to be relatively easy to disinfect.

E. coli (colonies/100 mL)

600
500
400
300
200
100
0
0

50

100

150

200

250

300

350

CT (mg-min/L)
Figure 8-2. Daily effluent E. coli count versus detention time, 2012–2016

8.5 Residual Chlorine
The WWTP’s NPDES permit includes limits for total chlorine residual. The chlorine residual is
checked in the lab using Standard Method SM 4500-CL G-2000. This method utilizes colorimetry to
detect chlorine and free chlorine levels in the effluent but has a low sensitivity of 20 µg/L. Because
low concentrations cannot be reliably detected with any EPA approved test method for residual
chlorine, the plant will be considered compliant if the total residual chlorine concentration is below
100 µg/L (average monthly and daily maximum) for the first year and below 50 µg/L for each year
after.
Figure 8-3 illustrates the residual chlorine concentration in the effluent from 2012–2016. In the last
five years, the plant effluent has exceeded the maximum chlorine residual concentration nine times,
most likely due to lack of control within the disinfection system. The sodium bisulfite is injected into
the #4 water wet well immediately prior to the post aeration basin, which is relied on for mixing.
Samples are taken at the end of the post aeration basin every two hours and tested for chlorine
residual. The bisulfite dose is then adjusted in response to these results.
The peak flow evaluated in the capacity assessment is 24 mgd at maximum month flow. At this
flowrate, the maximum chlorine residual that can be removed by the sodium bisulfite system is 16.2
mg/L for the monthly dosing limit, and over 8 mg/L at a peak hour flow of 48 mgd, indicating
sufficient capacity in this system for dechlorination (assuming chlorine dose never exceeds 8 mg/L)
at the range of operating flows evaluated. The bisulfite system is capable of dosing 16 gallons per
hour.
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Figure 8-3. Effluent chlorine residual

8.6 Summary
The disinfection system is capable of meeting dosing requirements, E. coli limits, and chlorine
residual limits. The capacity of the basins is 49.8 mgd provided the chlorine dose is adjusted to
deliver a consistent CT of 120 mg·min/L. The capacity of the chlorine dosing pumps is 39
gallons/hour. The dechlorination system capacity is in excess of 48 mgd, depending on the amount
of hypochlorite dose and chlorine demand of the wastewater.
As a potential future project to get better control on chlorine dosing and effluent dechlorination, an
on-line chlorine residual analyzer can be installed after the chlorine contact basins. This meter can
create a feedback loop to the chlorine dosing system and automate the dosing. The chlorine residual
meter can also provide a feed forward loop to automate the sodium bisulfite dosing system to
reduce over-dosing and under-dosing of sodium bisulfite to more accurately maintain the effluent
chlorine residual within permit limits. As the future disinfection system will be converted to UV
disinfection as part of the Phase 2 upgrades, this would be a temporary improvement and may not
be warranted.
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Section 9

Plant Capacity
This section provides a summary of the operational capacity analysis results for the Nampa WWTP,
with the objective to evaluate the performance and capacity limitations of the plant. Development of
alternatives for removing capacity constraints or analysis of cost information for alternatives was not
part of this project phase.

9.1 Operational Capacity of the Nampa WWTP
Plant optimization makes use of information on the capacity of specific unit processes in a
wastewater treatment plant. Previous sections illustrate how this type of information was developed
on the primary and secondary clarifiers, activated sludge system, disinfection, and hydraulics. In this
section, information on the capacity of the individual unit processes is integrated into an overall
plant capacity using a composite capacity chart as a vehicle to convey this information. This chart
provides information on how the plant will respond to increased flows and loadings. The performance
of the secondary plant was assessed with the aid of the BioWin activated sludge process simulator
(Section 4). A matrix of increasing influent flows and loads was developed to simulate future
operating conditions. For each unit process, a curve is developed on the chart that represents the
operating limits for that process. The curves are combined into a capacity rating chart that is
representative of the future effluent permit conditions and reflects recommended operating
conditions required to achieve stable operation.

9.1.1 Base Assumptions for Analyses
The plant capacity presented here was assessed based on several worst-case assumptions including
flow and load peaking factors, future NPDES permit limits for year-round low phosphorus and
ammonia discharge, and high water levels in Indian Creek (100-year flooding event). For this analysis
it is assumed that, in addition to the domestic discharge, industrial dischargers are discharging at
permitted levels simultaneously. This assumption is necessary to ensure the plant has enough
capacity to treat the permitted industrial discharge even though this operating condition is unlikely to
occur due to the industrial dischargers having different peak discharge seasons. Due to the
additional industrial load, the plant relationship between raw influent flow and load used in this
analysis is not typical of what is observed at the Nampa WWTP when industries are not discharging
simultaneously. The peaking factors for both flow and load associated with this assumed industrial
discharge regime, combined with the domestic discharge to the WWTP, are presented in Section 9.3.
This analysis also assumes additional plant flow due to recycled groundwater pumped from
dewatering around structures within the plant. The Nampa WWTP must reduce local ground water
levels around below grade structures that are empty to prevent the structure from being damaged
due to buoyancy effects. As the plant does not measure ground water, it can only be quantified by
the difference between raw plant influent and plant effluent flows. Based on a review of operations
data, a typical groundwater flow rate is 1.5 mgd. Therefore, this analysis assumes that the plant flow
is amended by an additional 1.5 mgd of “clean” groundwater that enters the plant at PEPS.
All biological modeling for the plant was performed at a minimum 14-day winter temperature of
12°C, which is based on historical aeration basin mixed liquor temperatures. The future permit limits
described in Section 1.4 were used to set the allowable biological model effluent for all parameters
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except for the TP limit. The future TP limit (15 to 52 lb/d seasonally) is too low to be met biologically
therefore a limit of 0.5 mg/L TP was used, the remaining TP must be removed through a combination
of chemical precipitation and filtration.
As mentioned previously, the hydraulic analysis assumed that the water level in Indian Creek at the
discharge location is at the level experienced during a 100-year recurrence interval flood event. As
this high-water level condition is rarely observed, the results for hydraulic analysis of structures may
show capacities below those that would be observed on a typical basis when Indian Creek water
surface is at a lower elevation.

9.2 Simulation Scenarios
Influent flows and loads and plant operating strategies vary seasonally. Depending on which
conditions influence plant capacity the greatest, one or more charts may be developed. Multiple
charts may be developed to address seasonal extremes in plant operations or differences in
redundancy. After an analysis of the flow and loading pattern for the City of Nampa, the highest loads
occurred in the winter and were associated with the lowest temperature. Coupled with the lowest
permit limits for effluent ammonia, this seasonal condition was determined to be the most restrictive
and was used for the capacity simulations for the facilities. For these winter conditions, capacity
charts were developed for two aeration basins online and for all three aeration basins online.
The capacity analysis is assessed using a matrix of increasing influent flows and BOD
concentrations. This matrix is developed by evaluating current influent flows and loads as well as
projected influent flows and loads, then developing a range of influent flow and BOD and TSS
concentrations that span the range of current to projected loads. For this analysis, historical plant
influent data was used and projected flows and loads for the year 2045 were taken from TM T-46
Nampa Wastewater Planning Criteria. The matrix of raw influent flow and BOD concentration
combinations used for this analysis is summarized in Table 9-1.
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Table 9-1. Modeling Matrix of Ranges of Raw Influent Flow and BOD Concentrations
Case 1
Raw influent flow (mgd)

Case 2

Case 3

Case 4

BOD
(mg/L)

TSS
(mg/L)

BOD
(mg/L)

TSS
(mg/L)

BOD
(mg/L)

TSS
(mg/L)

BOD
(mg/L)

TSS
(mg/L)

150

200

250

283

350

367

450

450

12
16
20
24

To conduct the simulations based on these flow, BOD and TSS concentration combinations, other
wastewater characteristics including alkalinity, COD, TKN, and TP concentrations need to be
determined. The additional wastewater characteristics associated with the BOD concentrations listed
in Table 9-1 were estimated by applying the unique parameter ratios derived from the December
2016 wastewater characterization. Table 9-2 presents these ratios.
Table 9-2. Process Modeling Basis for Nampa Wastewater Characteristics
Parameter

Value

Basis

BOD/TKN
BOD/TP
VSS/TSS

11.05
52.36
0.94

WWC
WWC
WWC

RI Alkalinity (mmol/L)

5.9

WWC

2.1
12.04
91.9
67.64
0.9

WWC
WWC
WWC
WWC
WWC

pH

7.4

WWC

Winter mixed liquor temperature (°C)

12

Historical data

Raw influent ratios

Primary effluent ratios
COD/BOD
COD/TKN
COD/TP
COD/Alkalinity (alkalinity in mmol/L)
VSS/TSS

9.3 Controlling Parameters
To represent capacity limitations in the WWTP, a series of operating or controlling parameters were
identified by Brown and Caldwell. Using model simulations, the required operating and performance
values can be established for each parameter that limit operation for each combination of flows and
BOD concentrations. Controlling parameters for the Nampa WWTP, including equipment capacities,
existing physical configurations of unit processes, and permit requirements, were discussed in
previous sections of this report. The listed limiting values are also based on current rated capacity
and manufacturer’s rated capacities for each unit process or from field testing of unit processes (as
was the case for the secondary clarifiers). In addition, future modifications to the treatment plant
that are in construction or design were also included in the capacity evaluation, but as these have
not yet been constructed, only the manufacturers rated capacities were used for this equipment.
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The capacity curves are developed for maximum month flow and loading conditions because the
NPDES permit is based on monthly average limits, and maximum month flow and load conditions
yield the most critical conditions for treatment to meet a monthly permit limit. Conditions of peak
hydraulic loading and peak organic loading do not typically occur together and are not analyzed
together, but are considered in the analysis, with peak day loads occurring more typically with
average annual flows, and peak hour flows occurring more frequently with average annual loads, or
less. Peak hour hydraulic limits are evaluated for hydraulic capacities of pumps and tanks. However,
because the charts show capacities relative to maximum month flow condition these cannot be
drawn directly on the capacity rating chart. Therefore, for hydraulic limitations, the peak hour flow
limitations are converted to maximum month flow conditions using the predicted flows provided in
TM T-46. Each controlling parameter is discussed in the subsections listed below.
Subsequent BioWin simulations were conducted at different SRTs for the different matrix
combination of flow and load. Each matrix simulation was conducted to minimize the SRT while still
meeting the effluent requirements presented in Section 2. At the time of evaluation, and WWC, the
operating SRT for the Nampa WWTP was approximately 13 days.

9.3.1 Peaking Factors
Capacity charts are drawn to maximum month conditions for flow and load. Therefore, unit process
limitations that are based on peak hour hydraulic capacities or peak day influent load conditions
must be converted from the peak loading limitations back to maximum month conditions. To do this,
peaking factors are used, which were developed and presented in TM T-46. The peak loading factor
used for influent BOD and TSS is 2.19 for peak day to maximum month load.
The peaking factor used for the peak hour to maximum month flow is not straight-forward as it does
not remain constant with growth like peak loading factors. Current peak flow conditions are a result
of the collection system operation. Two large pump stations can turn on at the same time, resulting
in a very high peak hour flow. However, as flows increase with growth within the City, the influence of
these two pump stations’ simultaneous discharge on the peak flow to the plant decreases, resulting
in a decreasing peak hour to maximum month flow ratio. To account for this declining ratio, a linear
function (Equation 9-1) was developed and used for these analyses.
Maximum month Q = 0.8264 ∗ (Peak Hour Q) − 7.6963

Equation 9-1. Linear function for calculating maximum month flow based on peak hour flow relation.

Solids handling systems use additional peaking factors to de-rate equipment and ensure sufficient
capacity is present to handle peak day events. The production of WAS is dependent on influent
loads; however, biomass does not react instantaneously to fluctuation of the influent load. Plant data
from 2013 to 2016 was used to calculate a 1.9 peaking factor for the peak day WAS flow rate
compared to the maximum month flow. A peaking factor of 1.8 peak day to maximum month was
used for digested sludge. The digested sludge peaking factor is less than the WAS peaking factor
because of primary sludge and the reduction of solids in the digester.

9.3.2 Effluent Quality
The effluent BOD, TSS, phosphorus, and ammonia limits are based on the permit limits listed on
Table 2-3. Of specific note, the target for effluent ammonia and effluent total phosphorus for this
analysis are 1.41 mg/L and 75 lb/day, respectively. Biological modeling targeted total phosphorus
concentrations of 1.0 mg/L any additional removal was assumed to be accomplished by tertiary
filtration.
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9.3.3 Influent Pump Station
The listed capacity of the three influent screw pumps is 17.8 mgd each. With one redundant pump,
the firm capacity of the influent pump station is 35.6 mgd. Based on Equation 9-1, the firm capacity
of the influent pump station at maximum month flow is 21.7 mgd.

9.3.4 Influent Screens
The manufacturer’s rated capacity of the influent screens is listed as 17.8 mgd each for the three
mechanical bar screens. Therefore, with one screen out of service, the firm capacity of the influent
screen system is 35.6 mgd. This equates to a maximum month flow capacity of 21.7 mgd.

9.3.5 Grit Removal
The two-grit removal Detritor type basins used at the plant are rated for a peak capacity of 23.6 mgd
(11.8 mgd for each chamber), based on a design loading rate of 46,000 gpd/ft2 (2009, MWH). Grit
removal is required by IDAPA regulatory rules (IDAPA 58.01.16.460.02). The grit removal system is
designed for a peak hour flow of 23.6 mgd, using Equation 9-1 the maximum month design limit is
12.7 mgd. The design limit for the grit removal system can be exceeded without limiting the WWTP
treatment capacity; therefore, the unit capacity limit is based on the hydraulic limits of the basins.
The maximum allowable water surface elevation occurs at peak hour flows of 45 mgd, using
Equation 9-1 the limiting maximum month capacity is 30.0 mgd.

9.3.6 Primary Clarifiers
Three primary clarifiers are available at the Nampa WWTP. Each clarifier has a different diameter
resulting in a different peak flow based on the peak hour design SOR of 2,500 gpd/ft2. The unit
capacities for each clarifier are listed in Table 9-3.
Table 9-3. Primary Clarifier Treatment Capacity
Diameter, feet

Peak hour treatment, mgd

Primary Clarifier 1

90

15.9

Primary Clarifier 2

100

19.6

Primary Clarifier 3

120

28.3

The system is rated on the total peak hour capacity of 63.8 mgd. However, as Primary Clarifier 1 is
rarely used due to age and a crack that can allow for some leakage of flow from the clarifier, the
peak hour capacity with Primary Clarifier 1 out of service is used for this analysis. This capacity is
47.9 mgd and corresponds with a maximum month capacity of 33.0 mgd. Primary clarification is not
a regulatory requirement. However, overloading the primary clarifiers results in poor BOD and TSS
removal and increases the load to the aeration basin. A redundant primary clarifier is recommended.
Due to the age, shallow depth, and poor condition of Primary Clarifier 1 a complete replacement of
the unit is recommended.

9.3.7 Primary Effluent Pump Station
The primary effluent pump station has been designed with additional bays for more pumps requiring
only that addition pumps be dropped in or existing pumps be replaced with larger pumps. In the
current configuration, the PEPS has a total peak hour capacity of 40.8 mgd and a firm peak hour
capacity of 27.2 mgd. Using Equation 9-1 to relate peak hour to maximum month flow the PEPS is
rated for a total maximum month capacity of 25 mgd and a firm maximum month capacity of 14.3
mgd.
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9.3.8 Trickling Filter Effluent Pump Station
The Trickling Filter Effluent Pump Station (TFEPS) represents the only limitation to the trickling filters.
The TFEPS has a total peak hour rating of 13.2 mgd and a firm peak hour rating of 6.6 mgd. Only 25
percent of the plant flow is anticipated to be routed through the TFEPS therefore the rated plant
maximum flow is much higher than the pump station capacity. The total rated plant influent
maximum monthly flow is 38.6 mgd and the firm rated plant influent maximum monthly flow is 14.5
mgd. The TFEPS does not represent a limitation to plant capacity because excess flow can be routed
around the trickling filters by increasing the trickling filter bypass rate.

9.3.9 Aeration Basin Capacity
The aeration basin capacity is limited by the MLSS concentration needed to treat the wastewater and
the mass of air required to meet the oxygen demand of the system. Aeration basin capacity is limited
by a maximum allowable MLSS of 4,500 mg/L, the aeration blower capacity, and the capacity of the
final clarifiers to handle the solids loading rate (SLR) of mixed liquor from the aeration basins. The
capacities of both the aeration blowers and final clarifiers are listed below.
Section 8 identifies a submerged effluent weir as a hydraulic constraint at the aeration basins. The
effluent weir is commonly used to maintain even flow split across all active aeration basins, however,
the Nampa WWTP has active flow splitting upstream of each aeration basin which make the
submerged weir a nuisance rather than a capacity limitation.

9.3.10 Aeration Blower and Diffuser Capacity
Aeration is accomplished using five multi-stage centrifugal blowers. Each blower has a capacity of
6,250 standard cubic feet per minute (scfm), the firm aeration capacity is 25,000 scfm and the total
aeration capacity is 31,250 scfm. Required air flow for the Nampa WWTP was determined using the
BioWin simulator to determine the oxygen demand, the airflow requirements were then calculated
based on the oxygen demand, diffuser model, and diffuser layout. Maximum airflow requirements
were determined for a peak day demand period using a peak day BOD load and average maximum
month flow. The peak hour demand was determined using a peak day BOD load and a peak hour
peaking factor calculated from the diurnal wastewater characterization discussed in Section 4.
Ceramic and membrane aeration diffusers have a maximum rated airflow per diffuser of 3.5 SCFM,
this limit prevents damage to the diffuser. Airflows that exceed the limit for significant periods of time
will break down the diffuser pores resulting in lower oxygen transfer efficiency and eventual
membrane failure. The diffusers were rated on the peak hour demand for each cell as based on the
calculation described above. Each cell has a different oxygen demand and different diffuser density
thus the cells are given individual maximum month ratings.

9.3.11 Final Clarifiers
Past clarifiers capacity testing identified a limiting SLR of 28 pounds per square foot per day, as
discussed in Section 7. This analysis uses the MLSS concentration determined by the BioWin model
discussed in Section 4 and a RAS flow set at fifty percent of influent flow. Two limits are provided
based on the number of aeration basins online, due to reduced MLSS concentrations three aeration
basins is less limiting than two aeration basins.
The final clarifiers have two hydraulically constraints. The first when downstream water backs up and
floods the effluent launder weirs. The hydraulic modeling shows the firm hydraulic capacity of the
clarifiers is limited at a firm maximum month rating of 10.4 mgd and a total rating of 17.8 mgd. The
second constraint is the flooding of the mixed liquor splitting box at a maximum month flow of 17.8
mgd.
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9.3.12 Chlorine Disinfection and Dechlorination
The WWTP uses sodium hypochlorite to disinfect final plant effluent and meet the fecal coliform
limits present in the NPDES permit. Sodium hypochlorite even at low concentrations is harmful to
fish and other aquatic species. The WWTP dechlorinates final effluent using sodium bisulfite to react
with any residual free chlorine. This reaction neutralizes the chlorine and produces a compound that
is relatively harmless to aquatic species.

9.3.13 Post Aeration Basins
The post aeration basin is hydraulically limited by flow backing up from downstream piping and
flooding the post aeration basin effluent weir. This is heavily influenced by the 100-year flood
elevation in Indian Creek. This occurs at peak hour flows greater than 17 mgd. Based on the peak
factors the peak hour flow represents a maximum month flow of 8.6 mgd. This process does not
represent a process limitation to the plant because the post aeration basins are not affected by
increased water depth or the possibility of minimal short circuiting. The capacity of the post aeration
basin to increase effluent DO is based on the dedicated blower capacity, quantity and orientation of
the diffusers, and the hydraulic residence time. The equipment was installed in 1980 and at this
time the blower capacity, diffuser layout, and condition of the equipment is unknown due to the age
of the equipment. Therefore, basis for capacity estimate will use the same approach as the 2009
facility plant provided by MWH. The system capacity assumes a required minimum retention time of
5 minutes, each basin has an internal volume of 36,050 gallons or a peak capacity of 10.4 mgd per
basin. The DO permit is based on a weekly average therefore the treatment limit is applied to a peak
day not a peak hour. The total system capacity is 20.8 mgd on a peak day using a peak day to peak
month peaking factor the maximum month rated capacity is 16.8 mgd.

9.3.14 WAS Pumps
WAS pumps are used to control the concentration of MLSS and retention time the of biomass
present in the system. As new biomass grows excess biomass must be removed to maintain a
constant SRT. The WWTP has two centrifugal constant speed pumps each rate for a peak day flow of
370 gpm, or a maximum month flow of 195 gpm.

9.3.15 Rotating Drum Thickeners
The Plant is currently installing three rotating drum thickeners (RDTs), to thicken the WAS and
reduce the hydraulic load to the anaerobic digesters. RDTs are rated both on hydraulic load and
solids load, independent of each other. Each unit has a peak design capacity of 400 gpm or 1000
lb/hr which translates to a maximum month capacity of 210 gpm or 526 lb/hr (whichever is more
limiting) using the peaking factors discussed previously. The Project Group B design assumes a
minimum WAS concentration of 5,000 mg/L be used for hydraulic load to the RDTs.

9.3.16 Anaerobic Digesters
The WWTP has four primary digesters and two secondary digesters with an additional primary
digester slated for construction as part of Project Group C. The primary digesters are operated in
parallel and receive a combined stream of primary sludge and WAS. The secondary digesters receive
digested sludge from the primary digester and provide additional residence time and sludge storage
before dewatering.
Primary Digester No. 1 and 2 each have a volume of 0.76 million gallons, Primary Digester No. 3 and
the No. 4 each have a volume of 0.834 million gallons. The combined firm primary digester volume is
2.35 million gallons and the total volume is 3.19 million gallons. The secondary digester No. 1 and 2
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each have a volume of 0.44 million gallons, the secondary digesters need rehabilitation to account
for that the capacity analysis was assessed both with and without the secondary digesters. The plant
will be rated assuming the secondary digesters are operational the additional assessment is
provided to demonstrate the loss of plant capacity if no rehabilitation work is completed.
The digester capacity is based on the primary digesters only, two criteria hydraulic residence time
and the volatile solids loading rate (VSLR) were assessed. The minimum regulatory total HRT for the
mesophilic anaerobic digesters is 15 days to provide sufficient HRT/SRT to produce Class B biosolids
per the requirements of Code of Federal Regulations Title 40 Part 503. While not required by
regulation, and therefore not a true process limit, for conservatism BC also recommends evaluating
HRT capacity at a 30-day retention time to provide the City with a buffer in operations to allow for
some fluctuation in peak loading rates or digester maintenance. It is recommended that the total
capacity to maintain Class B solids be followed for this rating exercise. In addition, the recommended
VSLR is limited to 150 pounds of volatile solids per 1,000 cubic feet. The secondary digesters were
not included in this analysis because they are not heated or mixed and will not contribute to
treatment. Two scenarios were considered the first assumes two aeration basins are in service and
the second assumes all three aeration basins are in service.

9.3.17 Centrifuges
The WWTP is currently installing two dewatering centrifuges to replace the existing belt filter press,
the plant also has drying beds which will be retained as a backup a redundant centrifuge is installed
in the future. As with RDTs, centrifuges are also rated both on hydraulic load and solids load. The
centrifuge is part of the Project Group B and have design capacities of 200 gpm or 3,200 lb/hr.
However, as there is storage capacity for digested sludge within the secondary digesters and sludge
drying beds to reduce peak day hydraulic and solids loads to the units, the peak centrifuge capacity
was evaluated against the maximum weekly loading rate to the units. The maximum week peaking
factor is 1.08 relative to maximum month conditions. Therefore, the rated maximum week capacity
of centrifuge is 185 gpm or 2963 lb/hr. If storage of sludge cannot be utilized for any reason, the
peak day loading factors must be used when evaluating centrifuge capacity, which drops the rated
maximum month capacity to 111 gpm or 1778 lb/hr. The centrifuge loading is calculated based on
the summed primary sludge and WAS sludge applied to the anaerobic digester and assuming a 60
percent volatile solids reduction.

9.4 Composite Capacity Chart
Expressed in terms of flow and organic loading, a composite capacity chart consists of a series of
curves, each of which represents a specific plant process that describes the relationship it has with
the other processes and how it impacts overall plant capacity. Vertical curves represent hydraulic
constraints, while non-vertical curves represent process loading constraints related to organic
loading limits.
The key element of the chart is the plant loading curve, which relates plant flow (in terms of peak
month conditions) to the current raw influent BOD concentration and cuts across the curves
representing the plant unit processes. It was derived from the maximum month flow and loading
projections for the winter season as defined in the beginning of this section. The estimates provided
here are for a maximum month flow and load condition occurring simultaneously, therefore the
estimates are considered conservative. Further adding to the conservatism of the flow and loading
curve is that it assumes all allocated industrial loads are discharged together, which while it has not
historically occurred, the industrial discharge permits currently allow for this and this must be
planned as a possible discharge scenario in developing the flow and loading curve.
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Curves on the capacity chart are interpreted using a method of progressive disclosure. Simply stated,
progression across the chart from left to right reveals the limits of each unit process and how these
limits relate to flow and organic loading. When the curves representing all plant unit processes are
plotted simultaneously on the chart, they describe a ranking of overall plant capacity limits.
Progression along the influent BOD loading curve will cut across the lines that represent each plant
process; each intersection of the influent BOD line with a plant process line reveals the capacity of
that process at the corresponding influent flow rate and BOD loading (as calculated from the BOD
concentration and flow rate). For that specific plant process line, the area to the left of and below the
curve or just left of a vertical curve corresponds to safe operating conditions. Areas to the right of
and above the curve or just right of a vertical curve correspond to overloaded conditions.
To progress along the influent BOD line from one intersection to the next requires that the constraint
represented by that intersection be removed through either a process modification or a capital
upgrade before the overall plant capacity can be increased.
The charts provide a framework for Operations staff to consider how alternative modes of operation
may impact plant operability and capacity. For example, it is possible to use this approach to assess
the impact of increasing the capacity of the secondary clarifiers, or the introduction of new industries
and new catchment areas.
The following paragraphs provide a description of the hydraulic and process constraints that were
revealed by this analysis. The charts displayed in Figures 9-1 represents the capacity for winter
conditions.
Redundancy requirements require that the capacity evaluation be conducted with the largest unit
out of service for influent screens, major pumping systems, aeration blowers, and disinfection
systems, which is also reflected on the capacity curves, though all units in service are also shown as
a separate capacity line on the charts below. Solid stream processes are not considered critical for
operation of the facility and have no redundancy requirement. Therefore, capacity evaluations of the
thickening, digestion, and dewatering systems were performed assuming all units are in service,
though capacity lines showing one unit out of service are shown to provide information to the
Operations staff for maintenance considerations.
The secondary clarifiers were also evaluated with units out of service for both redundancy
requirement considerations and to provide Operations staff with information needed for
maintenance considerations.
Figures 9-1 and Figure 9-2 show the capacity constraints for the Nampa WWTP with two and three
aeration basins in service, respectively. These capacity constraints are determined on a peak flow or
loading basis, but are converted to maximum month for purposes of Figure 9-1 and 9-2. Progressing
from left to right along the projected raw influent line shows the limiting maximum month flow
capacity of each unit process in the order in which they will occur.
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Figure 9-1. Composite capacity chart, two aeration basins in service

Figure 9-2. Composite capacity chart, three aeration basins in service

From Figure 9-1, the constraints and peak month flow capacity of each unit process are listed in
Table 9-4 for the two aeration basins in service and winter maximum month flow and loading
condition. These are listed in the order of occurrence (lowest capacity to highest capacity;
progressing from left to right along the projected loading curve).
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Table 9-4. Winter Capacity Limitations with Two Aeration Basins in Service
Maximum month
flow (mgd)

Maximum month
BOD load (lb/day)

WAS pump capacity (1 out of service) a

6.5

33,100

Post aeration basin submerged weir b

8.6

–

Digester HRT limit 15 days (1 out of service) a

10.6

44,500

Digester dewatering centrifuge x1 (w/ no storage) c

10.8

45,000

Aeration basin effluent submerged weir b

11.9

–

Final clarifier SLR (1 out of service) a

12.1

48,700

Peak day blower capacity (1 out of service)

12.7

50,300

Chlorine disinfection channel effluent submerged weir b

12.9

–

Peak hour blower capacity

13.7

53,100

Digester VSLR (1 out of service) a

13.8

53,400

Primary effluent pump station (1 out of service)

14.3

–

Final clarifier SLR (total capacity)

14.5

55,400

Aeration basin MLSS

14.6

55,600

Digester HRT limit 15 days

14.8

56,000

WAS pump capacity

14.9

56,500

Rotary drum thickener (1 out of service) a

15.6

58,400

Air flow per diffuser (AE-2)

15.7

58,700

Air flow per diffuser (AE-3)

16.8

61,800

Post aeration basin minimum HRT

16.8

–

Final clarifier flow splitter box submerged weir

17.1

–

Digester VSLR (total capacity)

19.2

66,400

Digester dewatering centrifuge x1 (w/ storage)

19.3

68,700

Chlorine disinfection channel hydraulic capacity

19.9

–

Air flow per diffuser (AE-4)

23.3

79,900

Rotary drum thickener (total capacity)

24.1

82,100

Digester dewatering centrifuge x2 (w/ no storage)

24.5

83,200

Constraining process

a No

redundancy required by regulation, so not a true capacity constraint.

b Hydraulic
c Reduced

nuisance that does not affect plant process.
capacity for digested sludge dewatering facility with no peak day storage facility.

The lowest flow capacity listed above is the limiting capacity for the Nampa WWTP. To increase
capacity of the Nampa WWTP, each unit process is progressively replaced or upgraded in the order in
which it occurs on this list. Regulations do not require redundancy for all unit process, which is why
some unit processes that appear on the table do no impact or affect treatment plant capacity with
one unit process out of service, like the Final Clarifier SLR (1 unit out of service). For example, the
current capacity of the Nampa WWTP for winter maximum month flow and load conditions is limited
to 12.7 mgd by the peak day blower capacity with one blower out of service for redundancy. If an
additional blower is installed, then the capacity of the Nampa WWTP would be increased to 12.9
mgd as it will then be limited by the effluent chlorine contact channels submerged effluent weir with
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one channel out of service. The next capacity limitation for the Nampa WWTP is the peak hour blower
demand at 13.7 mgd, though this limitation should be removed once new blowers are installed to
eliminate the peak day blower demand limitation. If additional blowers and a new chlorine contact
channel (or improved capacity weir) are added and/or upgraded, the capacity of the Nampa WWTP
would increase to 14.5 mgd, again limited by the next unit process shown on the list above (Primary
Effluent Pump Station with one pump out of service). This provides a prioritized list of processes to
upgrade to gain capacity at the Nampa WWTP.
To clarify the capacity limits shown in Figure 9-1, the bar charts shown in Figures 9-3 through 9-5
were developed. These figures present the plant capacity constraints in order of occurrence on the yaxis. These charts display the most limiting condition for each unit process from each condition
evaluated based on maximum month flow, BOD load, and TSS load. Removal of each constraint
allows one to progress down through the list and progressively increase the plant capacity as each
constraint is removed. The rated capacity with two aeration basins is 12.7 mgd maximum month
flow. The rating is due to peak day blower limitations based on predicted flows and BOD loads.
Figures 9-4 and 9-5 provide plant capacity in terms of the BOD and TSS loads assumed for the flow
limits shown in Figure 9-3. The BOD and TSS loads are based on projected loads and include all
industries discharging at their permit limits.

Figure 9-3. Flow based sequential plant capacity constraints with two aeration basins
Hatched unit processes indicate that they are not capacity-limiting for regulatory reasons but placed on chart for operator information.
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Figure 9-4. BOD load based plant capacity with two aeration basins
Hatched unit processes indicate that they are not capacity-limiting for regulatory reasons but placed on chart for operator information.

Figure 9-5. TSS load based capacity constraints with two aeration basins
Hatched unit processes indicate that they are not capacity-limiting for regulatory reasons but placed on chart for operator information.

From Figure 9-2, the constraints and peak month flow capacity of each unit process are listed in
Table 9-5 below for the winter peak month flow and loading capacity condition with three aeration
basins in service. As with the previous case, these are listed in the order of occurrence (lowest
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capacity to highest capacity; progressing from left to right along the projected loading curve). It is
important to note that the order of limiting unit processes has changed from the two-aeration basin
case due to the reduction in MLSS. Italicized unit processes in Table 9-5 were substantially increase
due to the additional aeration basin.
Table 9-5. Winter Capacity Limitations with three aeration basins in service
Maximum month
flow (mgd)

Maximum month
BOD load (lb/day)

WAS pump capacity (1 out of service) a

6.2

32,200

Post aeration basin submerged weir b

8.6

–

Digester HRT limit 15 days (1 out of service) a

10.6

44,500

Digester dewatering centrifuge x1 (w/ no storage)c

10.5

44,200

Aeration basin effluent submerged weir b

11.9

–

Chlorine disinfection channel effluent submerged weir b

12.9

–

Peak day blower capacity (1 out of service)

13.3

52,000

Digester VSLR (1 out of service) a

13.5

52,600

Peak hour blower capacity

14.2

54,500

Primary effluent pump station (1 out of service)

14.3

–

WAS pump capacity (total capacity)

14.4

55,100

Digester HRT limit 15 days

14.8

56,000

Rotary drum thickener (1 out of service) a

15.2

57,300

Final clarifier SLR (1 out of service) a

15.3

57,600

Post aeration basin minimum HRT

16.8

–

Final clarifier flow splitter box submerged weir

17.1

–

Digester VSLR (total capacity)

18.7

67,100

Digester dewatering centrifuge x1 (w/ storage)

19.0

67,900

Chlorine disinfection channel hydraulic capacity

19.9

–

Aeration basin MLSS

21.9

76,000

Rotary drum thickener (total capacity)

23.5

80,400

Digester dewatering centrifuge x2 (w/ no storage)c

24.3

82,600

Air flow per diffuser (AE-2)

26.0

87,400

Air flow per diffuser (AE-3)

26.1

87,700

Air flow per diffuser (AE-4)

29.0

95,700

Constraining process

a Hydraulic
b No

nuisance that does not affect plant process.

redundancy required by regulation, so not a true capacity constraint.

c Reduced

capacity for digested sludge dewatering facility with no peak day storage facility.

To clarify the capacity limits shown in Figure 9-2, the bar charts shown in Figures 9-6 through 9-8
were developed. These figures present the plant capacity constraints in order of occurrence on the yaxis. These charts display the most limiting condition for each unit process from each condition
evaluated based on maximum month flow, BOD load, and TSS load. Removal of each constraint
allows one to progress down through the list and progressively increase the plant capacity as each
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constraint is removed. The rated capacity with three aeration basins is 13.3 mgd maximum month
flow. The rating is due to peak day blower limitations. Figures 9-7 and 9-8 provide plant capacity in
terms of the BOD and TSS loads assumed for the flow limits shown in Figure 9-6. The BOD and TSS
loads are based on projected loads and include all industries discharging at their permit limits.

Figure 9-6. Flow based sequential plant capacity constraints with three aeration basins
Hatched unit processes indicate that they are not capacity-limiting for regulatory reasons but placed on chart for operator information.

Figure 9-7. BOD load based sequential plant capacity constraints with three aeration basins
Hatched unit processes indicate that they are not capacity-limiting for regulatory reasons but placed on chart for operator information.
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Figure 9-8. TSS load based sequential plant capacity constraints with three aeration basins
Hatched unit processes indicate that they are not capacity-limiting for regulatory reasons but placed on chart for operator information.

9.5 Capacity of WWTP in Context for Nampa CIP
To put the results of this capacity study in context for the City with respect to their CIP, BC has
developed two additional charts that show the capacity constraints for the projected flows and/or
loads through the year 2035 planning horizon. Those constraints that are hydraulic only or are a
combination of hydraulic and influent load related are shown on the flow projection chart while those
constraints that are influent load limited only or a combination of flow and load limited are shown on
the influent BOD loading chart. Only those constraints that occur by year 2035 for the forecasted
load (without future industrial load) are shown on these charts. These charts are seen in Figures 9-9
and 9-10 for the flow-based and BOD load-based capacity constraints, respectively.
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Figure 9-9. Flow based capacity constraints by year for three aeration basins in service

Figure 9-10. BOD based capacity constraints by year for three aeration basins in service
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Figures 9-9 and 9-10 show three lines each for the projected flows or loads. The blue solids line
shows the current 2016 allocated flows or loads and the projected flows or loads for years 2020,
2030 and 2035. The gray solid line shows the current allocated flows or loads plus an additional 1
mgd flow or 10,000 lb/d load for future industrial growth not currently allocated. The green dashed
line shows the 2016 observed maximum month flow or influent BOD load. This line is projected out
if the difference between the actual influent flow or load relative to the allocated flow or load
remains constant through year 2035. The unit process capacity constraint is shown on these figures
as arrow callouts with the actual capacity constraint. A dotted line is added to the charts to show
how to interpret the capacity and projected year for one of the constraints on each chart.
When evaluating the hydraulic capacity limit of the plant as observed in Figure 9-9, we find the first
constraint to be the primary effluent pump station, which limits capacity based on the projected
allocated load curve to 14.3 mgd maximum month flow, which is projected to occur sometime in
2017 or 2018 based on the allocated flows. However, if we look at when the projected actual
influent flows will hit 14.3 mgd maximum month based on the dashed green line, this does not occur
until closer to 2040. Therefore, although PEPS is currently a limiting constraint based on allocated
load, this process is not constrained based on actual influent flows until significantly later.
Therefore, the capacity increase within the process that will be gained once an additional pump is
installed at PEPS through a change order to the existing Phase 1 contract, the plant hydraulic limiting
capacity increases to 16.8 mgd based on the allocated flows, which is projected to occur in 2032.
When evaluating the influent BOD maximum month load limit of the plant, the first capacity
constraint reached is the peak day blower capacity at 52,000 lb/d influent BOD load based on the
projected allocated load, and this is projected to occur by 2032. However, based on the actual
influent maximum month loads, the limit of 52,000 lb/d influent BOD load is likely not going to
actually be realized until about 2040, giving more than sufficient buffer to upgrade or add additional
aeration blowers as part of the Phase 2 upgrades. This upgrade will also alleviate the second
constraint on the chart, which is the peak hour blower capacity limit, leaving no load based limits for
the plant for projected allocated loads through 2035.
It is important to point out on both of these charts that if the additional industrial load allocations are
allowed by the City, it will significantly impact the capacity of the plant. As an example, the blower
capacity limit of 52,000 lb/d which occurs in 2032 based on current allocated load projections
would yield an immediate capacity constraint should the additional industrial load allocation be given
to a new or existing industry. This means that before any additional industrial load allocation is
provided, new blowers would need to be added to the system. Therefore, the timing of future
industrial flow and load allocations is critical to plant capacity with respect to when upgrades would
need to be required

9.6 Conclusions and Recommendations
This section presents the conclusions and recommendations of this capacity assessment. The
capacity chart and table below represent the plant’s expected performance based on current
equipment installations and a trickling filter operating at 75 percent bypass ratio. The composite
capacity chart shows that the most urgent plant capacity constraints are related to blower capacity
and plant hydraulics. Table 9-6 summarizes each of the capacity constraints for the Nampa WWTP
and provides potential solutions to each constraint.
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Table 9-6. Nampa WWTP Capacity Constraints
Capacity constraint
Peak day blower capacity (1 out of
service)
Peak hour blower capacity
Primary effluent pump station
WAS pump (total capacity)
15-day digester HRT (total)
Post aeration basin HRT

Final clarifier flow splitter box

Digester VSLR limit (all in service)
Chlorine disinfection channel effluent
submerged weir
Excess aeration basin MLSS

2 ABs
(mgd)

3 ABs
(mgd)

3 ABs
BOD Load (lb/day)

–

–

52,000

Install additional blowers, currently planned for
Phase 2

–

–

54,500

Install additional blowers, currently planned for
Phase 2

14.3

14.3

–

Install additional pumps or replace with larger
pumps, currently planned for Phase 2

–

–

–

–

16.8

16.8

Potential solution

55,100

Install New/Upgrade WAS Pumps, currently
planned for Phase 2

56,000

Install additional Digesters or install primary sludge
thickening, currently planned for Phase 2

–

Add parallel aeration basins
Conduct further analysis on equipment condition

–

Incorporate active flow measurement and control to
ensure uniform distribution between FCs
Reconfigure flow splitter box using cutthroat flumes
for flow distribution.
Add parallel FC units, currently planned for Phase 2

17.1

17.1

–

–

19.9

19.9

–

–

–

76,000

67,100

Install parallel Digesters, currently planned for
Phase 2
Add parallel effluent pipes between CCT effluent
and PA basins
Add parallel aeration basins

The plant is rated with three aeration basins in service for a maximum month loading capacity of
52,000 lbs BOD due to peak day blower limits. However, as discussed previously, it is extremely
important to point out that this flow constraint is due to the makeup of the influent loading
projections used to develop the capacity charts and because of this plant flow capacity only applies
to hydraulic limits, like the primary effluent pump station flow limit of 14.3 mgd maximum month
flow (first hydraulic limit).
For the development of influent loading line, the assumption is that all allocated load is discharged
by industries at the same time. Further, the influent loads also assume both population growth within
the City as well as an additional 10,000 lb/d BOD for industrial growth that occurs immediately.
Therefore, without this additional BOD load due to industrial growth, the flow capacity would be
higher. Because of this additional industrial load, it is more important to look at the capacity with
respect to the BOD load. From this perspective, the capacity of the treatment plant is still limited by
the aeration blowers at peak day load (one redundant blower), but the capacity is 52,000 lb/d of
influent BOD. If additional blower capacity is added in Phase 2 as planned, the next constraint is the
WAS pump capacity, with a limit of 55,100 lb/d of BOD, followed by the anaerobic digester capacity
at a 15-day HRT of 56,000 lb/d, both of which are also planned as part of the Phase 2 upgrades.
Alleviating these constraints takes the plant organic loading capacity to over 65,000 lb/d.
The hydraulic capacity of the plant is currently 14.3 mgd maximum month flow and is limited by the
primary effluent pump station, which was sized under the assumption that an additional pump would
be added in Phase 2 to increase capacity to over 21.4 mgd maximum month flow when required.
Once that new pump is added, the hydraulic capacity increases to 16.8 mgd maximum month flow
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and is limited by the HRT of the post-aeration basin. Again, fixing this constraint by constructing
additional post-aeration basins increases the plant hydraulic capacity to 17.1 mgd maximum month
and is limited by the final clarifier splitter box weir submergence.
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Section 10

Limitations
This document was prepared solely for the City of Nampa in accordance with professional standards
at the time the services were performed and in accordance with the contract between the City of
Nampa and Brown and Caldwell dated January 1, 2009. This document is governed by the specific
scope of work authorized by City of Nampa; it is not intended to be relied upon by any other party
except for regulatory authorities contemplated by the scope of work. We have relied on information
or instructions provided by City of Nampa and other parties and, unless otherwise expressly
indicated, have made no independent investigation as to the validity, completeness, or accuracy of
such information.
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Appendix B: Model Output
12 mgd – Firm Capacity
20 mgd – Firm Capacity
18 mgd – Total Capacity
31 mgd – Total Capacity
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Visual Hydraulics Summary Report - Hydraulic Analysis
Project: Nampa_Profile_FIRM_v4.vhf
Company: Brown and Caldwell
Date:

Current flow conditions
Forward Flow =

12 mgd

Return I Flow =

6 mgd

Return II Flow =

7.5 mgd

Return III Flow =

1.5 mgd

Section Description

Water Surface Elevation

Starting water surface elevation

2451.4

Outfall Structure-0010
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 25 ft
Channel width/diameter = 12 ft
Flow = 21.5 mgd
Downstream channel invert = 2447.19
Channel slope = 0 ft/ft

2451.4

Channel side slope = not applicable
Area of flow = 50.53 ft^2
Hydraulic radius = 2.474
Normal depth = infinite
Critical depth = 0.62 ft
Depth downstream = 4.21 ft
Bend loss = 0 ft
Depth upstream = 4.21 ft
Velocity = 0.66 ft/s
Flow profile = Horizontal
PLE Pipe-0020
Pipe shape = Circular
Diameter = 42 in
Length = 18 ft
Flow = 20 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2451.66

1

Section Description

Water Surface Elevation

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 3.22 ft/s
Friction loss = 0.02 ft
Fitting loss = 0.24 ft
Total loss = 0.26 ft
Post-Aeration Launder-0040
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 21.5 mgd
Critical depth = 1.11 ft
Downstream depth = 4.35 ft

2451.73

Upstream depth = 4.42 ft
Post-Aeration Launder-0050
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 10.75 mgd
Critical depth = 0.7 ft
Downstream depth = 4.42 ft

2451.75

Upstream depth = 4.44 ft
Post-Aeration Weir-0070
Weir invert (top of weir) = 2451.63
Weir length = 10 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.75 mgd
Weir submergence = partially submerged
Head over weir = 0.66 ft

2452.29

Post-Aeration Basin (South) - 0080
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 28.8 ft
Channel width/diameter = 10 ft
Flow = 10.75 mgd
Downstream channel invert = 2437.27
Channel slope = 0 ft/ft

2452.29

Channel side slope = not applicable
Area of flow = 150.21 ft^2
Hydraulic radius = 3.751
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Section Description

Water Surface Elevation

Normal depth = infinite
Critical depth = 0.44 ft
Depth downstream = 15.02 ft
Bend loss = 0 ft
Depth upstream = 15.02 ft
Velocity = 0.11 ft/s
Flow profile = Horizontal
Post-Aeration Basin Entrance-0090
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 36 in
Invert = 2449
Number of openings = 1
Flow through opening(s) = 10.75 mgd
Total area of opening(s) = 9 ft^2

2452.43

Velocity through opening(s) = 1.85 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.14 ft
Downstream water level = 2452.29
Upstream water level = 2452.43
Post-Aeration Basin Inlet Box-0110
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 5 ft
Flow = 21.5 mgd
Downstream channel invert = 2437.35
Channel slope = 0 ft/ft

2452.43

Channel side slope = not applicable
Area of flow = 75.4 ft^2
Hydraulic radius = 2.144
Normal depth = infinite
Critical depth = 1.11 ft
Depth downstream = 15.08 ft
Bend loss = 0 ft
Depth upstream = 15.08 ft
Velocity = 0.44 ft/s
Flow profile = Horizontal
PLE PS 4 Eff. Pipe-0120
Pipe shape = Circular
Diameter = 42 in
Length = 75 ft
Flow = 21.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2452.89
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Section Description

Water Surface Elevation

Total fitting K value = 2

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 3.46 ft/s
Friction loss = 0.09 ft
Fitting loss = 0.37 ft
Total loss = 0.46 ft
PS 4 Wet Well-0140
Channel shape = Rectangular
Manning's 'n' = 0.13
Channel length = 15 ft
Channel width/diameter = 19.33 ft
Flow = 21.5 mgd
Downstream channel invert = 2439.42
Channel slope = 0 ft/ft

2452.89

Channel side slope = not applicable
Area of flow = 260.38 ft^2
Hydraulic radius = 5.627
Normal depth = infinite
Critical depth = 0.45 ft
Depth downstream = 13.47 ft
Bend loss = 0 ft
Depth upstream = 13.47 ft
Velocity = 0.13 ft/s
Flow profile = Horizontal
PLE Chlorine Eff. Pipe-0150
Pipe shape = Circular
Diameter = 36 in
Length = 21 ft
Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2453.03

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.35 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.13 ft
Total loss = 0.14 ft
Chlorine Outlet Box-0170
Channel shape = Rectangular

2453.04
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Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 7.5 ft
Flow = 10.75 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 101.89 ft^2
Hydraulic radius = 2.939
Normal depth = infinite
Critical depth = 0.53 ft
Depth downstream = 13.58 ft
Bend loss = 0 ft
Depth upstream = 13.59 ft
Velocity = 0.16 ft/s
Flow profile = Horizontal
Chlorine Eff. Weir-0180
Weir invert (top of weir) = 2453.42
Weir length = 7.5 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.76 ft

2454.18

Chlorine Basin (West)-0190
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 315 ft
Channel width/diameter = 7.5 ft
Flow = 10.75 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

2454.19

Channel side slope = not applicable
Area of flow = 110.5 ft^2
Hydraulic radius = 2.989
Normal depth = infinite
Critical depth = 0.53 ft
Depth downstream = 14.73 ft
Bend loss = 0 ft
Depth upstream = 14.74 ft
Velocity = 0.15 ft/s
Flow profile = Horizontal
NE Chlorine Mix Eff. Pipe-0210
Pipe shape = Circular
Diameter = 36 in
Length = 20 ft

2454.36

5

Section Description

Water Surface Elevation

Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.83

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.35 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.16 ft
Total loss = 0.17 ft
Chlorine Mix Station-0240
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 17 ft
Channel width/diameter = 10 ft
Flow = 21.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

2454.36

Channel side slope = not applicable
Area of flow = 56.66 ft^2
Hydraulic radius = 2.656
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 5.67 ft
Bend loss = 0 ft
Depth upstream = 5.67 ft
Velocity = 0.59 ft/s
Flow profile = Horizontal
Chlorine Mix Station Wall-0250
Opening type = rectangular orifice
Opening diameter/width = 180 in
Opening height = 90 in
Invert = 2449.27
Number of openings = 1
Flow through opening(s) = 21.5 mgd
Total area of opening(s) = 112.5 ft^2

2454.36

Velocity through opening(s) = 0.3 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0 ft
Downstream water level = 2454.36
Upstream water level = 2454.36
Chlorine Mix Station-0260
Channel shape = Rectangular

2454.36
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Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 10.5 ft
Channel width/diameter = 10 ft
Flow = 21.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 56.71 ft^2
Hydraulic radius = 2.657
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 5.67 ft
Bend loss = 0 ft
Depth upstream = 5.67 ft
Velocity = 0.59 ft/s
Flow profile = Horizontal
FC Eff. Pipe-0270
Pipe shape = Circular
Diameter = 48 in
Length = 60 ft
Flow = 21.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2454.59

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 2.65 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.19 ft
Total loss = 0.22 ft
FC Eff. Mix Box-0290
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 21.5 mgd
Downstream channel invert = 2444.77
Channel slope = 0 ft/ft

2454.59

Channel side slope = not applicable
Area of flow = 78.55 ft^2
Hydraulic radius = 2.842
Normal depth = infinite
Critical depth = 0.81 ft
Depth downstream = 9.82 ft
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Section Description

Water Surface Elevation

Bend loss = 0 ft
Depth upstream = 9.82 ft
Velocity = 0.42 ft/s
Flow profile = Horizontal
FC eff. Pipe-0300
Pipe shape = Circular
Diameter = 48 in
Length = 220 ft
Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.25

2454.68

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.32 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.06 ft
Total loss = 0.09 ft
FC Eff. Split Box-0320
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.75 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2454.68

Channel side slope = not applicable
Area of flow = 109.31 ft^2
Hydraulic radius = 3.094
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 13.66 ft
Bend loss = 0 ft
Depth upstream = 13.66 ft
Velocity = 0.15 ft/s
Flow profile = Horizontal
Sluice Gate-0330
Opening type = circular gate
Opening diameter/width = 48 in
Gate height = 48 in
Invert = 2441.02
Number of gates = 1
Flow through gate(s) = 10.75 mgd

2454.76

8

Section Description

Water Surface Elevation

Total area of opening(s) = 12.57 ft^2

Velocity through gate(s) = 1.32 ft/s
Flow behavior = orifice, downstream control
Gate loss = 0.08 ft
Downstream water level = 2454.68
Upstream water level = 2454.76
FC Eff. Split Box-0340
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.75 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2454.76

Channel side slope = not applicable
Area of flow = 109.93 ft^2
Hydraulic radius = 3.098
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 13.74 ft
Bend loss = 0 ft
Depth upstream = 13.74 ft
Velocity = 0.15 ft/s
Flow profile = Horizontal
FC Eff. Pipe to FC3-0360
Pipe shape = Circular
Diameter = 42 in
Length = 28 ft
Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2454.85

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 1.73 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.08 ft
Total loss = 0.09 ft
FC3 Eff. Box-0370
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft

2454.85
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Section Description

Water Surface Elevation

Flow = 10.75 mgd
Downstream channel invert = 2448.38
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 25.89 ft^2
Hydraulic radius = 1.528
Normal depth = infinite
Critical depth = 0.81 ft
Depth downstream = 6.47 ft
Bend loss = 0 ft
Depth upstream = 6.47 ft
Velocity = 0.64 ft/s
Flow profile = Horizontal
FC3 Eff. Launder-0380
Launder invert = 2454.02
Launder length = 184 ft
Launder width = 3 ft
Launder slope = 0.00521 ft/ft
Flow through launder = 5.375 mgd
Critical depth = 0.62 ft
Downstream depth = 0.83 ft

2455.6

Upstream depth = 0.62 ft
FC3 Eff. Weir-0410
Invert of V notch = 2456.08
Angle of V notch = 90 degrees
Number of notches = 716
Total flow over weir = 10.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2456.23

FC Energy Dissipator-0430
Opening type = rectangular orifice
Opening diameter/width = 14 in
Opening height = 24 in
Invert = 2454.08
Number of openings = 6
Flow through opening(s) = 15.75 mgd
Total area of opening(s) = 14 ft^2

2456.36

Velocity through opening(s) = 1.74 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.12 ft
Downstream water level = 2456.23
Upstream water level = 2456.36
FC Split to FC3 Pipe-0440
Pipe shape = Circular

2457.82
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Section Description

Water Surface Elevation

Diameter = 30 in
Length = 150 ft
Flow = 15.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.4

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 4.96 ft/s
Friction loss = 0.54 ft
Fitting loss = 0.92 ft
Total loss = 1.46 ft
FC Split Eff. Collector-0480
Launder invert = 2444.02
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 15.75 mgd
Critical depth = 0.9 ft
Downstream depth = 13.8 ft

2457.82

Upstream depth = 13.8 ft
FC Split Box Weir-0490
Weir invert (top of weir) = 2457.83
Weir length = 20.1 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.51 ft

2458.34

FC Split Box Ch. 2-0510
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 31.5 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.34

Channel side slope = not applicable
Area of flow = 386.65 ft^2
Hydraulic radius = 6.949
Normal depth = infinite
Critical depth = 0.47 ft
Depth downstream = 14.32 ft
Bend loss = 0 ft
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Section Description

Water Surface Elevation

Depth upstream = 14.32 ft
Velocity = 0.13 ft/s
Flow profile = Horizontal
Baffle in FC Splitter-0520
Opening type = rectangular orifice
Opening diameter/width = 324 in
Opening height = 12 in
Invert = 2444.02
Number of openings = 1
Flow through opening(s) = 31.5 mgd
Total area of opening(s) = 27 ft^2

2458.47

Velocity through opening(s) = 1.8 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.13 ft
Downstream water level = 2458.34
Upstream water level = 2458.47
FC Split Box Entrance Ch.1-0530
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 31.5 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.48

Channel side slope = not applicable
Area of flow = 390.25 ft^2
Hydraulic radius = 6.98
Normal depth = infinite
Critical depth = 0.47 ft
Depth downstream = 14.45 ft
Bend loss = 0 ft
Depth upstream = 14.46 ft
Velocity = 0.12 ft/s
Flow profile = Horizontal
AB2-3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 650 ft
Flow = 31.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 3.3

2460.04

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
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Section Description

Water Surface Elevation

Solids factor = 1
Velocity = 3.88 ft/s
Friction loss = 0.8 ft
Fitting loss = 0.77 ft
Total loss = 1.57 ft
AB3 Eff. Pipe2-0574
Pipe shape = Circular
Diameter = 42 in
Length = 100 ft
Flow = 15.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2460.25

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 2.53 ft/s
Friction loss = 0.06 ft
Fitting loss = 0.15 ft
Total loss = 0.21 ft
AB3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 250 ft
Flow = 15.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.2

2460.4

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.94 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.07 ft
Total loss = 0.15 ft
AB Eff. Box-0578
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 26.33 ft
Flow = 15.75 mgd
Downstream channel invert = 2448.75
Channel slope = 0 ft/ft

2460.4
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Section Description

Water Surface Elevation

Channel side slope = not applicable
Area of flow = 306.8 ft^2
Hydraulic radius = 6.181
Normal depth = infinite
Critical depth = 0.3 ft
Depth downstream = 11.65 ft
Bend loss = 0 ft
Depth upstream = 11.65 ft
Velocity = 0.08 ft/s
Flow profile = Horizontal
AB Eff. Weir-0580
Weir invert (top of weir) = 2461.1
Weir length = 50 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.28 ft

2461.38

Aeration Basin Section 2-0590
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 53 ft
Flow = 15.75 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 1010.61 ft^2
Hydraulic radius = 11.089
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.02 ft/s
Flow profile = Horizontal
AB Orifice-0591
Opening type = rectangular orifice
Opening diameter/width = 240 in
Opening height = 276 in
Invert = 2437.41
Number of openings = 1
Flow through opening(s) = 15.75 mgd
Total area of opening(s) = 460 ft^2

2461.38

Velocity through opening(s) = 0.05 ft/s
Flow behavior = orifice, downstream control
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Section Description

Water Surface Elevation

Orifice loss = 0 ft
Downstream water level = 2461.38
Upstream water level = 2461.38
Aeration Section 1-0592
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 23 ft
Flow = 15.75 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 438.61 ft^2
Hydraulic radius = 7.174
Normal depth = infinite
Critical depth = 0.33 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.06 ft/s
Flow profile = Horizontal
FAZ AB Weir-0594
Weir invert (top of weir) = 2461.67
Weir length = 20 ft
Weir height = 19.7 ft
Flow over weir = 15.75 mgd
Submergence = unsubmerged
Head over weir = 0.64 ft

2462.31

FAZ Basin-0600
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 50 ft
Channel width/diameter = 53 ft
Flow = 15.75 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.31

Channel side slope = not applicable
Area of flow = 1060.01 ft^2
Hydraulic radius = 11.398
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 20 ft
Bend loss = 0 ft
Depth upstream = 20 ft
Velocity = 0.02 ft/s
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Section Description

Water Surface Elevation

Flow profile = Horizontal
Selector Weir-0610
Weir invert (top of weir) = 2462.17
Weir length = 53 ft
Weir height = 20.1 ft
Flow over weir = 5.537 mgd
Submergence = submerged
Head over weir = 0.18 ft

2462.35

Selector Basin-0617
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 55 ft
Channel width/diameter = 53 ft
Flow = 5.537 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.35

Channel side slope = not applicable
Area of flow = 1062.14 ft^2
Hydraulic radius = 11.411
Normal depth = infinite
Critical depth = 0.09 ft
Depth downstream = 20.04 ft
Bend loss = 0 ft
Depth upstream = 20.04 ft
Velocity = 0.01 ft/s
Flow profile = Horizontal
PEPS

2447.25
Constant elevation = 2447.25

PEPS Wet Well-015A
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 59.67 ft
Channel width/diameter = 7 ft
Flow = 21.5 mgd
Downstream channel invert = 2432
Channel slope = 0 ft/ft

2447.25

Channel side slope = not applicable
Area of flow = 106.75 ft^2
Hydraulic radius = 2.847
Normal depth = infinite
Critical depth = 0.89 ft
Depth downstream = 15.25 ft
Bend loss = 0 ft
Depth upstream = 15.25 ft
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Section Description

Water Surface Elevation

Velocity = 0.31 ft/s
Flow profile = Horizontal
Box 3 to PEPS-020
Pipe shape = Circular
Diameter = 42 in
Length = 160 ft
Flow = 15.549 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.1

2447.55

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 2.5 ft/s
Friction loss = 0.1 ft
Fitting loss = 0.2 ft
Total loss = 0.3 ft
SC2 to Split Box Pipe-0695
Pipe shape = Circular
Diameter = 30 in
Length = 340 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.7

2447.77

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 2.36 ft/s
Friction loss = 0.28 ft
Fitting loss = 0.23 ft
Total loss = 0.52 ft
2nd Eff. Box-0710
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 4.4 ft
Channel width/diameter = 3.6 ft
Flow = 7.5 mgd
Downstream channel invert = 2457.35
Channel slope = 0 ft/ft

2458.13

Channel side slope = not applicable
Area of flow = 2.64 ft^2

17

Section Description

Water Surface Elevation

Hydraulic radius = 0.52
Normal depth = infinite
Critical depth = 0.69 ft
Depth downstream = 0.69 ft
Bend loss = 0 ft
Depth upstream = 0.78 ft
Velocity = 4.7 ft/s
Flow profile = Horizontal
SC2 Eff. Launder-0720
Launder invert = 2465.35
Launder length = 189 ft
Launder width = 2 ft
Launder slope = 0.0106 ft/ft
Flow through launder = 3.75 mgd
Critical depth = 0.64 ft
Downstream depth = 0.64 ft

2467.99

Upstream depth = 0.64 ft
SC2 Weir-0730
Invert of V notch = 2469.38
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 7.5 mgd
Weir submergence = unsubmerged
Head over weir = 0.13 ft

2469.51

TFEPS to SC2-735
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 11.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2469.6

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.38 ft/s
Friction loss = 0.05 ft
Fitting loss = 0.04 ft
Total loss = 0.09 ft
Filter Effluent PS-740
Constant elevation = 2448.02

2448.02

TF Effluent Pipe

2449.07
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Section Description

Water Surface Elevation

Pipe shape = Circular
Diameter = 36 in
Length = 50 ft
Flow = 27.4 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 6 ft/s
Friction loss = 0.21 ft
Fitting loss = 0.84 ft
Total loss = 1.05 ft
TF Drain Channel
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 200 ft
Channel width/diameter = 2 ft
Flow = 13.7 mgd
Downstream channel invert = 2451
Channel slope = 0.0025 ft/ft

2453.78

Channel side slope = not applicable
Area of flow = 3.79 ft^2
Hydraulic radius = 0.655
Normal depth = 2.35 ft
Critical depth = 1.52 ft
Depth downstream = 1.52 ft
Bend loss = 0 ft
Depth upstream = 2.28 ft
Velocity = 6.99 ft/s
Flow profile = Mild
TF Underdrain Launder
Launder invert = 2451
Launder length = 200 ft
Launder width = 2 ft
Launder slope = 0.0025 ft/ft
Flow through launder = 13.7 mgd
Critical depth = 1.52 ft
Downstream depth = 2.78 ft

2454.22

Upstream depth = 2.72 ft
TFRPS-745
Constant elevation = 2450.32

2450.32
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Section Description
Box 3 to TF-750
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

Water Surface Elevation
2450.36

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 0.92 ft/s
Friction loss = 0.02 ft
Fitting loss = 0.02 ft
Total loss = 0.04 ft
SC/PEPS Split
User defined loss for flow split = 0 ft
Total flow through flow split = 15.549 mgd

2447.55

Box 3-040
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 20.55 mgd
Downstream channel invert = 2446.02
Channel slope = 0 ft/ft

2447.56

Channel side slope = not applicable
Area of flow = 12.28 ft^2
Hydraulic radius = 1.109
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 1.53 ft
Bend loss = 0 ft
Depth upstream = 1.54 ft
Velocity = 2.59 ft/s
Flow profile = Horizontal
PC Collect to Box-3-050
Pipe shape = Circular
Diameter = 36 in
Length = 138 ft
Flow = 10.275 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.1

2447.81
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Section Description

Water Surface Elevation

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.25 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.16 ft
Total loss = 0.25 ft
Total loss = 0 ft
PC3 Collect Box-0160
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft
Flow = 10.275 mgd
Downstream channel invert = 2450.12
Channel slope = 0 ft/ft

2450.99

Channel side slope = not applicable
Area of flow = 3.32 ft^2
Hydraulic radius = 0.586
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 0.79 ft
Bend loss = 0 ft
Depth upstream = 0.87 ft
Velocity = 5.04 ft/s
Flow profile = Horizontal
PC3 Eff Launder-0180
Launder invert = 2452.74
Launder length = 188.5 ft
Launder width = 3 ft
Launder slope = 0.0053 ft/ft
Flow through launder = 5.137 mgd
Critical depth = 0.6 ft
Downstream depth = 0.6 ft

2454.34

Upstream depth = 0.6 ft
PC3 Weir-0200
Invert of V notch = 2455.42
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 10.275 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2455.57

PC3 Inlet Feedwell-0205

2455.62
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Section Description

Water Surface Elevation

Opening type = rectangular orifice
Opening diameter/width = 18 in
Opening height = 18 in
Invert = 2453.92
Number of openings = 6
Flow through opening(s) = 10.275 mgd
Total area of opening(s) = 13.5 ft^2

Velocity through opening(s) = 1.18 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2455.57
Upstream water level = 2455.62
Conc. Pipe to PC3-0210
Pipe shape = Circular
Diameter = 36 in
Length = 160 ft
Flow = 10.275 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2

2455.88

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.25 ft/s
Friction loss = 0.1 ft
Fitting loss = 0.16 ft
Total loss = 0.25 ft
HW Eff. Dist. Box Basin-0230
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 10.275 mgd
Downstream channel invert = 2451.52
Channel slope = 0 ft/ft

2455.88

Channel side slope = not applicable
Area of flow = 43.56 ft^2
Hydraulic radius = 2.328
Normal depth = infinite
Critical depth = 0.43 ft
Depth downstream = 4.36 ft
Bend loss = 0 ft
Depth upstream = 4.36 ft
Velocity = 0.36 ft/s
Flow profile = Horizontal

22

Section Description

Water Surface Elevation

HW Eff. Dist. Weir-0240
Weir invert (top of weir) = 2459.06
Weir length = 20 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.275 mgd
Weir submergence = unsubmerged
Head over weir = 0.38 ft

2459.44

HW Eff. Dist. Launder-0250
Launder invert = 2457.34
Launder length = 10 ft
Launder width = 3 ft
Launder slope = 0 ft/ft
Flow through launder = 10.275 mgd
Critical depth = 0.96 ft
Downstream depth = 2.1 ft

2459.63

Upstream depth = 2.29 ft
HW Eff. Dist. Gate Opening-0260
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 30 in
Invert = 2457.34
Number of openings = 1
Flow through opening(s) = 10.275 mgd
Total area of opening(s) = 7.5 ft^2

2459.81

Velocity through opening(s) = 2.12 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.18 ft
Downstream water level = 2459.63
Upstream water level = 2459.81
HW Dist. Basin-0300
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 20.55 mgd
Downstream channel invert = 2454.94
Channel slope = 0 ft/ft

2459.82

Channel side slope = not applicable
Area of flow = 48.75 ft^2
Hydraulic radius = 2.468
Normal depth = infinite
Critical depth = 0.68 ft
Depth downstream = 4.87 ft
Bend loss = 0 ft
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Section Description

Water Surface Elevation

Depth upstream = 4.88 ft
Velocity = 0.65 ft/s
Flow profile = Horizontal
Dist. Pipe to Dist. Basin-0310
Pipe shape = Rectangular
Height = 48 in
Width = 48 in
Length = 12 ft
Flow = 20 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2459.82

Total fitting K value = 0
Pipe area = 16 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.93 ft/s
Friction loss = 0.01 ft
Fitting loss = 0 ft
Total loss = 0.01 ft
Grit. Eff. Channel-0330
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 25.66 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2458.52
Channel slope = 0 ft/ft

2459.85

Channel side slope = not applicable
Area of flow = 5.27 ft^2
Hydraulic radius = 0.795
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 1.3 ft
Bend loss = 0 ft
Depth upstream = 1.33 ft
Velocity = 2.97 ft/s
Flow profile = Horizontal
HW Grit Eff. Weir-0340
Weir invert (top of weir) = 2460.47
Weir length = 16 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10 mgd
Weir submergence = unsubmerged
Head over weir = 0.44 ft

2460.91
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Section Description
HW Grit Basin-0350
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 16 ft
Flow = 10 mgd
Downstream channel invert = 2459.18
Channel slope = 0 ft/ft

Water Surface Elevation
2460.91

Channel side slope = not applicable
Area of flow = 27.66 ft^2
Hydraulic radius = 1.422
Normal depth = infinite
Critical depth = 0.31 ft
Depth downstream = 1.73 ft
Bend loss = 0 ft
Depth upstream = 1.73 ft
Velocity = 0.56 ft/s
Flow profile = Horizontal
HW Grit Dist. Gate-0360
Opening type = rectangular orifice
Opening diameter/width = 24 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 5
Flow through opening(s) = 10 mgd
Total area of opening(s) = 40 ft^2

2460.92

Velocity through opening(s) = 0.39 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.01 ft
Downstream water level = 2460.91
Upstream water level = 2460.92
HW Ch. to Grit Chamber-0370
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2460.93

Channel side slope = not applicable
Area of flow = 5.73 ft^2
Hydraulic radius = 0.835
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 1.43 ft
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Section Description

Water Surface Elevation

Bend loss = 0 ft
Depth upstream = 1.44 ft
Velocity = 2.71 ft/s
Flow profile = Horizontal
HW Barscreen Eff. Gate-0390
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 1
Flow through opening(s) = 10 mgd
Total area of opening(s) = 16 ft^2

2460.97

Velocity through opening(s) = 0.97 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.04 ft
Downstream water level = 2460.93
Upstream water level = 2460.97
HW Barscreen Eff. Channel-0400
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 12 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2460.98

Channel side slope = not applicable
Area of flow = 5.93 ft^2
Hydraulic radius = 0.852
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 1.48 ft
Bend loss = 0 ft
Depth upstream = 1.49 ft
Velocity = 2.61 ft/s
Flow profile = Horizontal
Mech. Barscreen-0410
Theory used = Bernoulli
Rack/screen invert = 2459.49
Rack/screen width = 4 ft
Flow through rack = 10 mgd
Bar width = 0.12 in
Bar spacing = 0.25 in
Downstream depth = 1.49 ft

2461.32

Approach velocity = 2.11 ft/s
Rack/screen head loss = 0.34 ft
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Section Description
Barscreen Opening in Channel-0420
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 28.44 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10 mgd
Total area of opening(s) = 9.48 ft^2

Water Surface Elevation
2461.43

Velocity through opening(s) = 1.63 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.11 ft
Downstream water level = 2461.32
Upstream water level = 2461.43
HW Barscreen Inf. Channel-0430
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 21 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

2461.44

Channel side slope = not applicable
Area of flow = 8.01 ft^2
Hydraulic radius = 1.001
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 2 ft
Bend loss = 0 ft
Depth upstream = 2.01 ft
Velocity = 1.94 ft/s
Flow profile = Horizontal
HW Inf. Gate to Barscreen Channel-0440
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 38.4 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10 mgd
Total area of opening(s) = 12.8 ft^2

2461.5

Velocity through opening(s) = 1.21 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2461.44
Upstream water level = 2461.5
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Section Description
HW Inf. Channel from Screw Pumps-0460
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 11 ft
Channel width/diameter = 29 ft
Flow = 20 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

Water Surface Elevation
2461.5

Channel side slope = not applicable
Area of flow = 59.92 ft^2
Hydraulic radius = 1.808
Normal depth = infinite
Critical depth = 0.33 ft
Depth downstream = 2.07 ft
Bend loss = 0 ft
Depth upstream = 2.07 ft
Velocity = 0.52 ft/s
Flow profile = Horizontal
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Visual Hydraulics Summary Report - Hydraulic Analysis
Project: Nampa_Profile_FIRM_v4.vhf
Company: Brown and Caldwell
Date:

Current flow conditions
Forward Flow =

20 mgd

Return I Flow =

10 mgd

Return II Flow =

7.5 mgd

Return III Flow =

1.5 mgd

Section Description

Water Surface Elevation

Starting water surface elevation

2451.4

Outfall Structure-0010
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 25 ft
Channel width/diameter = 12 ft
Flow = 21.5 mgd
Downstream channel invert = 2447.19
Channel slope = 0 ft/ft

2451.4

Channel side slope = not applicable
Area of flow = 50.53 ft^2
Hydraulic radius = 2.474
Normal depth = infinite
Critical depth = 0.62 ft
Depth downstream = 4.21 ft
Bend loss = 0 ft
Depth upstream = 4.21 ft
Velocity = 0.66 ft/s
Flow profile = Horizontal
PLE Pipe-0020
Pipe shape = Circular
Diameter = 42 in
Length = 18 ft
Flow = 20 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2451.66

1

Section Description

Water Surface Elevation

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 3.22 ft/s
Friction loss = 0.02 ft
Fitting loss = 0.24 ft
Total loss = 0.26 ft
Post-Aeration Launder-0040
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 21.5 mgd
Critical depth = 1.11 ft
Downstream depth = 4.35 ft

2451.73

Upstream depth = 4.42 ft
Post-Aeration Launder-0050
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 10.75 mgd
Critical depth = 0.7 ft
Downstream depth = 4.42 ft

2451.75

Upstream depth = 4.44 ft
Post-Aeration Weir-0070
Weir invert (top of weir) = 2451.63
Weir length = 10 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.75 mgd
Weir submergence = partially submerged
Head over weir = 0.66 ft

2452.29

Post-Aeration Basin (South) - 0080
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 28.8 ft
Channel width/diameter = 10 ft
Flow = 10.75 mgd
Downstream channel invert = 2437.27
Channel slope = 0 ft/ft

2452.29

Channel side slope = not applicable
Area of flow = 150.21 ft^2
Hydraulic radius = 3.751

2

Section Description

Water Surface Elevation

Normal depth = infinite
Critical depth = 0.44 ft
Depth downstream = 15.02 ft
Bend loss = 0 ft
Depth upstream = 15.02 ft
Velocity = 0.11 ft/s
Flow profile = Horizontal
Post-Aeration Basin Entrance-0090
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 36 in
Invert = 2449
Number of openings = 1
Flow through opening(s) = 10.75 mgd
Total area of opening(s) = 9 ft^2

2452.43

Velocity through opening(s) = 1.85 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.14 ft
Downstream water level = 2452.29
Upstream water level = 2452.43
Post-Aeration Basin Inlet Box-0110
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 5 ft
Flow = 21.5 mgd
Downstream channel invert = 2437.35
Channel slope = 0 ft/ft

2452.43

Channel side slope = not applicable
Area of flow = 75.4 ft^2
Hydraulic radius = 2.144
Normal depth = infinite
Critical depth = 1.11 ft
Depth downstream = 15.08 ft
Bend loss = 0 ft
Depth upstream = 15.08 ft
Velocity = 0.44 ft/s
Flow profile = Horizontal
PLE PS 4 Eff. Pipe-0120
Pipe shape = Circular
Diameter = 42 in
Length = 75 ft
Flow = 21.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2452.89

3

Section Description

Water Surface Elevation

Total fitting K value = 2

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 3.46 ft/s
Friction loss = 0.09 ft
Fitting loss = 0.37 ft
Total loss = 0.46 ft
PS 4 Wet Well-0140
Channel shape = Rectangular
Manning's 'n' = 0.13
Channel length = 15 ft
Channel width/diameter = 19.33 ft
Flow = 21.5 mgd
Downstream channel invert = 2439.42
Channel slope = 0 ft/ft

2452.89

Channel side slope = not applicable
Area of flow = 260.38 ft^2
Hydraulic radius = 5.627
Normal depth = infinite
Critical depth = 0.45 ft
Depth downstream = 13.47 ft
Bend loss = 0 ft
Depth upstream = 13.47 ft
Velocity = 0.13 ft/s
Flow profile = Horizontal
PLE Chlorine Eff. Pipe-0150
Pipe shape = Circular
Diameter = 36 in
Length = 21 ft
Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2453.03

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.35 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.13 ft
Total loss = 0.14 ft
Chlorine Outlet Box-0170
Channel shape = Rectangular

2453.04

4

Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 7.5 ft
Flow = 10.75 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 101.89 ft^2
Hydraulic radius = 2.939
Normal depth = infinite
Critical depth = 0.53 ft
Depth downstream = 13.58 ft
Bend loss = 0 ft
Depth upstream = 13.59 ft
Velocity = 0.16 ft/s
Flow profile = Horizontal
Chlorine Eff. Weir-0180
Weir invert (top of weir) = 2453.42
Weir length = 7.5 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.76 ft

2454.18

Chlorine Basin (West)-0190
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 315 ft
Channel width/diameter = 7.5 ft
Flow = 10.75 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

2454.19

Channel side slope = not applicable
Area of flow = 110.5 ft^2
Hydraulic radius = 2.989
Normal depth = infinite
Critical depth = 0.53 ft
Depth downstream = 14.73 ft
Bend loss = 0 ft
Depth upstream = 14.74 ft
Velocity = 0.15 ft/s
Flow profile = Horizontal
NE Chlorine Mix Eff. Pipe-0210
Pipe shape = Circular
Diameter = 36 in
Length = 20 ft

2454.36

5

Section Description

Water Surface Elevation

Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.83

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.35 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.16 ft
Total loss = 0.17 ft
Chlorine Mix Station-0240
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 17 ft
Channel width/diameter = 10 ft
Flow = 21.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

2454.36

Channel side slope = not applicable
Area of flow = 56.66 ft^2
Hydraulic radius = 2.656
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 5.67 ft
Bend loss = 0 ft
Depth upstream = 5.67 ft
Velocity = 0.59 ft/s
Flow profile = Horizontal
Chlorine Mix Station Wall-0250
Opening type = rectangular orifice
Opening diameter/width = 180 in
Opening height = 90 in
Invert = 2449.27
Number of openings = 1
Flow through opening(s) = 21.5 mgd
Total area of opening(s) = 112.5 ft^2

2454.36

Velocity through opening(s) = 0.3 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0 ft
Downstream water level = 2454.36
Upstream water level = 2454.36
Chlorine Mix Station-0260
Channel shape = Rectangular

2454.36

6

Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 10.5 ft
Channel width/diameter = 10 ft
Flow = 21.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 56.71 ft^2
Hydraulic radius = 2.657
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 5.67 ft
Bend loss = 0 ft
Depth upstream = 5.67 ft
Velocity = 0.59 ft/s
Flow profile = Horizontal
FC Eff. Pipe-0270
Pipe shape = Circular
Diameter = 48 in
Length = 60 ft
Flow = 21.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2454.59

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 2.65 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.19 ft
Total loss = 0.22 ft
FC Eff. Mix Box-0290
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 21.5 mgd
Downstream channel invert = 2444.77
Channel slope = 0 ft/ft

2454.59

Channel side slope = not applicable
Area of flow = 78.55 ft^2
Hydraulic radius = 2.842
Normal depth = infinite
Critical depth = 0.81 ft
Depth downstream = 9.82 ft

7

Section Description

Water Surface Elevation

Bend loss = 0 ft
Depth upstream = 9.82 ft
Velocity = 0.42 ft/s
Flow profile = Horizontal
FC eff. Pipe-0300
Pipe shape = Circular
Diameter = 48 in
Length = 220 ft
Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.25

2454.68

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.32 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.06 ft
Total loss = 0.09 ft
FC Eff. Split Box-0320
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.75 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2454.68

Channel side slope = not applicable
Area of flow = 109.31 ft^2
Hydraulic radius = 3.094
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 13.66 ft
Bend loss = 0 ft
Depth upstream = 13.66 ft
Velocity = 0.15 ft/s
Flow profile = Horizontal
Sluice Gate-0330
Opening type = circular gate
Opening diameter/width = 48 in
Gate height = 48 in
Invert = 2441.02
Number of gates = 1
Flow through gate(s) = 10.75 mgd

2454.76

8

Section Description

Water Surface Elevation

Total area of opening(s) = 12.57 ft^2

Velocity through gate(s) = 1.32 ft/s
Flow behavior = orifice, downstream control
Gate loss = 0.08 ft
Downstream water level = 2454.68
Upstream water level = 2454.76
FC Eff. Split Box-0340
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.75 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2454.76

Channel side slope = not applicable
Area of flow = 109.93 ft^2
Hydraulic radius = 3.098
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 13.74 ft
Bend loss = 0 ft
Depth upstream = 13.74 ft
Velocity = 0.15 ft/s
Flow profile = Horizontal
FC Eff. Pipe to FC3-0360
Pipe shape = Circular
Diameter = 42 in
Length = 28 ft
Flow = 10.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2454.85

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 1.73 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.08 ft
Total loss = 0.09 ft
FC3 Eff. Box-0370
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft

2454.85
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Section Description

Water Surface Elevation

Flow = 10.75 mgd
Downstream channel invert = 2448.38
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 25.89 ft^2
Hydraulic radius = 1.528
Normal depth = infinite
Critical depth = 0.81 ft
Depth downstream = 6.47 ft
Bend loss = 0 ft
Depth upstream = 6.47 ft
Velocity = 0.64 ft/s
Flow profile = Horizontal
FC3 Eff. Launder-0380
Launder invert = 2454.02
Launder length = 184 ft
Launder width = 3 ft
Launder slope = 0.00521 ft/ft
Flow through launder = 5.375 mgd
Critical depth = 0.62 ft
Downstream depth = 0.83 ft

2455.6

Upstream depth = 0.62 ft
FC3 Eff. Weir-0410
Invert of V notch = 2456.08
Angle of V notch = 90 degrees
Number of notches = 716
Total flow over weir = 10.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2456.23

FC Energy Dissipator-0430
Opening type = rectangular orifice
Opening diameter/width = 14 in
Opening height = 24 in
Invert = 2454.08
Number of openings = 6
Flow through opening(s) = 15.75 mgd
Total area of opening(s) = 14 ft^2

2456.36

Velocity through opening(s) = 1.74 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.12 ft
Downstream water level = 2456.23
Upstream water level = 2456.36
FC Split to FC3 Pipe-0440
Pipe shape = Circular

2457.82
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Section Description

Water Surface Elevation

Diameter = 30 in
Length = 150 ft
Flow = 15.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.4

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 4.96 ft/s
Friction loss = 0.54 ft
Fitting loss = 0.92 ft
Total loss = 1.46 ft
FC Split Eff. Collector-0480
Launder invert = 2444.02
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 15.75 mgd
Critical depth = 0.9 ft
Downstream depth = 13.8 ft

2457.82

Upstream depth = 13.8 ft
FC Split Box Weir-0490
Weir invert (top of weir) = 2457.83
Weir length = 20.1 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.51 ft

2458.34

FC Split Box Ch. 2-0510
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 31.5 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.34

Channel side slope = not applicable
Area of flow = 386.65 ft^2
Hydraulic radius = 6.949
Normal depth = infinite
Critical depth = 0.47 ft
Depth downstream = 14.32 ft
Bend loss = 0 ft
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Section Description

Water Surface Elevation

Depth upstream = 14.32 ft
Velocity = 0.13 ft/s
Flow profile = Horizontal
Baffle in FC Splitter-0520
Opening type = rectangular orifice
Opening diameter/width = 324 in
Opening height = 12 in
Invert = 2444.02
Number of openings = 1
Flow through opening(s) = 31.5 mgd
Total area of opening(s) = 27 ft^2

2458.47

Velocity through opening(s) = 1.8 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.13 ft
Downstream water level = 2458.34
Upstream water level = 2458.47
FC Split Box Entrance Ch.1-0530
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 31.5 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.48

Channel side slope = not applicable
Area of flow = 390.25 ft^2
Hydraulic radius = 6.98
Normal depth = infinite
Critical depth = 0.47 ft
Depth downstream = 14.45 ft
Bend loss = 0 ft
Depth upstream = 14.46 ft
Velocity = 0.12 ft/s
Flow profile = Horizontal
AB2-3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 650 ft
Flow = 31.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 3.3

2460.04

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
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Section Description

Water Surface Elevation

Solids factor = 1
Velocity = 3.88 ft/s
Friction loss = 0.8 ft
Fitting loss = 0.77 ft
Total loss = 1.57 ft
AB3 Eff. Pipe2-0574
Pipe shape = Circular
Diameter = 42 in
Length = 100 ft
Flow = 15.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2460.25

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 2.53 ft/s
Friction loss = 0.06 ft
Fitting loss = 0.15 ft
Total loss = 0.21 ft
AB3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 250 ft
Flow = 15.75 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.2

2460.4

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.94 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.07 ft
Total loss = 0.15 ft
AB Eff. Box-0578
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 26.33 ft
Flow = 15.75 mgd
Downstream channel invert = 2448.75
Channel slope = 0 ft/ft

2460.4
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Section Description

Water Surface Elevation

Channel side slope = not applicable
Area of flow = 306.8 ft^2
Hydraulic radius = 6.181
Normal depth = infinite
Critical depth = 0.3 ft
Depth downstream = 11.65 ft
Bend loss = 0 ft
Depth upstream = 11.65 ft
Velocity = 0.08 ft/s
Flow profile = Horizontal
AB Eff. Weir-0580
Weir invert (top of weir) = 2461.1
Weir length = 50 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.75 mgd
Weir submergence = unsubmerged
Head over weir = 0.28 ft

2461.38

Aeration Basin Section 2-0590
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 53 ft
Flow = 15.75 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 1010.61 ft^2
Hydraulic radius = 11.089
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.02 ft/s
Flow profile = Horizontal
AB Orifice-0591
Opening type = rectangular orifice
Opening diameter/width = 240 in
Opening height = 276 in
Invert = 2437.41
Number of openings = 1
Flow through opening(s) = 15.75 mgd
Total area of opening(s) = 460 ft^2

2461.38

Velocity through opening(s) = 0.05 ft/s
Flow behavior = orifice, downstream control
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Section Description

Water Surface Elevation

Orifice loss = 0 ft
Downstream water level = 2461.38
Upstream water level = 2461.38
Aeration Section 1-0592
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 23 ft
Flow = 15.75 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 438.61 ft^2
Hydraulic radius = 7.174
Normal depth = infinite
Critical depth = 0.33 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.06 ft/s
Flow profile = Horizontal
FAZ AB Weir-0594
Weir invert (top of weir) = 2461.67
Weir length = 20 ft
Weir height = 19.7 ft
Flow over weir = 15.75 mgd
Submergence = unsubmerged
Head over weir = 0.64 ft

2462.31

FAZ Basin-0600
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 50 ft
Channel width/diameter = 53 ft
Flow = 15.75 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.31

Channel side slope = not applicable
Area of flow = 1060.01 ft^2
Hydraulic radius = 11.398
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 20 ft
Bend loss = 0 ft
Depth upstream = 20 ft
Velocity = 0.02 ft/s
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Section Description

Water Surface Elevation

Flow profile = Horizontal
Selector Weir-0610
Weir invert (top of weir) = 2462.17
Weir length = 53 ft
Weir height = 20.1 ft
Flow over weir = 5.537 mgd
Submergence = submerged
Head over weir = 0.18 ft

2462.35

Selector Basin-0617
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 55 ft
Channel width/diameter = 53 ft
Flow = 5.537 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.35

Channel side slope = not applicable
Area of flow = 1062.14 ft^2
Hydraulic radius = 11.411
Normal depth = infinite
Critical depth = 0.09 ft
Depth downstream = 20.04 ft
Bend loss = 0 ft
Depth upstream = 20.04 ft
Velocity = 0.01 ft/s
Flow profile = Horizontal
PEPS

2447.25
Constant elevation = 2447.25

PEPS Wet Well-015A
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 59.67 ft
Channel width/diameter = 7 ft
Flow = 21.5 mgd
Downstream channel invert = 2432
Channel slope = 0 ft/ft

2447.25

Channel side slope = not applicable
Area of flow = 106.75 ft^2
Hydraulic radius = 2.847
Normal depth = infinite
Critical depth = 0.89 ft
Depth downstream = 15.25 ft
Bend loss = 0 ft
Depth upstream = 15.25 ft
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Section Description

Water Surface Elevation

Velocity = 0.31 ft/s
Flow profile = Horizontal
Box 3 to PEPS-020
Pipe shape = Circular
Diameter = 42 in
Length = 160 ft
Flow = 15.549 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.1

2447.55

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 2.5 ft/s
Friction loss = 0.1 ft
Fitting loss = 0.2 ft
Total loss = 0.3 ft
SC2 to Split Box Pipe-0695
Pipe shape = Circular
Diameter = 30 in
Length = 340 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.7

2447.77

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 2.36 ft/s
Friction loss = 0.28 ft
Fitting loss = 0.23 ft
Total loss = 0.52 ft
2nd Eff. Box-0710
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 4.4 ft
Channel width/diameter = 3.6 ft
Flow = 7.5 mgd
Downstream channel invert = 2457.35
Channel slope = 0 ft/ft

2458.13

Channel side slope = not applicable
Area of flow = 2.64 ft^2
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Section Description

Water Surface Elevation

Hydraulic radius = 0.52
Normal depth = infinite
Critical depth = 0.69 ft
Depth downstream = 0.69 ft
Bend loss = 0 ft
Depth upstream = 0.78 ft
Velocity = 4.7 ft/s
Flow profile = Horizontal
SC2 Eff. Launder-0720
Launder invert = 2465.35
Launder length = 189 ft
Launder width = 2 ft
Launder slope = 0.0106 ft/ft
Flow through launder = 3.75 mgd
Critical depth = 0.64 ft
Downstream depth = 0.64 ft

2467.99

Upstream depth = 0.64 ft
SC2 Weir-0730
Invert of V notch = 2469.38
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 7.5 mgd
Weir submergence = unsubmerged
Head over weir = 0.13 ft

2469.51

TFEPS to SC2-735
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 11.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2469.6

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.38 ft/s
Friction loss = 0.05 ft
Fitting loss = 0.04 ft
Total loss = 0.09 ft
Filter Effluent PS-740
Constant elevation = 2448.02

2448.02

TF Effluent Pipe

2449.07
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Section Description

Water Surface Elevation

Pipe shape = Circular
Diameter = 36 in
Length = 50 ft
Flow = 27.4 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 6 ft/s
Friction loss = 0.21 ft
Fitting loss = 0.84 ft
Total loss = 1.05 ft
TF Drain Channel
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 200 ft
Channel width/diameter = 2 ft
Flow = 13.7 mgd
Downstream channel invert = 2451
Channel slope = 0.0025 ft/ft

2453.78

Channel side slope = not applicable
Area of flow = 3.79 ft^2
Hydraulic radius = 0.655
Normal depth = 2.35 ft
Critical depth = 1.52 ft
Depth downstream = 1.52 ft
Bend loss = 0 ft
Depth upstream = 2.28 ft
Velocity = 6.99 ft/s
Flow profile = Mild
TF Underdrain Launder
Launder invert = 2451
Launder length = 200 ft
Launder width = 2 ft
Launder slope = 0.0025 ft/ft
Flow through launder = 13.7 mgd
Critical depth = 1.52 ft
Downstream depth = 2.78 ft

2454.22

Upstream depth = 2.72 ft
TFRPS-745
Constant elevation = 2450.32

2450.32
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Section Description
Box 3 to TF-750
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

Water Surface Elevation
2450.36

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 0.92 ft/s
Friction loss = 0.02 ft
Fitting loss = 0.02 ft
Total loss = 0.04 ft
SC/PEPS Split
User defined loss for flow split = 0 ft
Total flow through flow split = 15.549 mgd

2447.55

Box 3-040
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 20.55 mgd
Downstream channel invert = 2446.02
Channel slope = 0 ft/ft

2447.56

Channel side slope = not applicable
Area of flow = 12.28 ft^2
Hydraulic radius = 1.109
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 1.53 ft
Bend loss = 0 ft
Depth upstream = 1.54 ft
Velocity = 2.59 ft/s
Flow profile = Horizontal
PC Collect to Box-3-050
Pipe shape = Circular
Diameter = 36 in
Length = 138 ft
Flow = 10.275 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.1

2447.81
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Section Description

Water Surface Elevation

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.25 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.16 ft
Total loss = 0.25 ft
Total loss = 0 ft
PC3 Collect Box-0160
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft
Flow = 10.275 mgd
Downstream channel invert = 2450.12
Channel slope = 0 ft/ft

2450.99

Channel side slope = not applicable
Area of flow = 3.32 ft^2
Hydraulic radius = 0.586
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 0.79 ft
Bend loss = 0 ft
Depth upstream = 0.87 ft
Velocity = 5.04 ft/s
Flow profile = Horizontal
PC3 Eff Launder-0180
Launder invert = 2452.74
Launder length = 188.5 ft
Launder width = 3 ft
Launder slope = 0.0053 ft/ft
Flow through launder = 5.137 mgd
Critical depth = 0.6 ft
Downstream depth = 0.6 ft

2454.34

Upstream depth = 0.6 ft
PC3 Weir-0200
Invert of V notch = 2455.42
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 10.275 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2455.57

PC3 Inlet Feedwell-0205

2455.62
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Section Description

Water Surface Elevation

Opening type = rectangular orifice
Opening diameter/width = 18 in
Opening height = 18 in
Invert = 2453.92
Number of openings = 6
Flow through opening(s) = 10.275 mgd
Total area of opening(s) = 13.5 ft^2

Velocity through opening(s) = 1.18 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2455.57
Upstream water level = 2455.62
Conc. Pipe to PC3-0210
Pipe shape = Circular
Diameter = 36 in
Length = 160 ft
Flow = 10.275 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2

2455.88

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.25 ft/s
Friction loss = 0.1 ft
Fitting loss = 0.16 ft
Total loss = 0.25 ft
HW Eff. Dist. Box Basin-0230
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 10.275 mgd
Downstream channel invert = 2451.52
Channel slope = 0 ft/ft

2455.88

Channel side slope = not applicable
Area of flow = 43.56 ft^2
Hydraulic radius = 2.328
Normal depth = infinite
Critical depth = 0.43 ft
Depth downstream = 4.36 ft
Bend loss = 0 ft
Depth upstream = 4.36 ft
Velocity = 0.36 ft/s
Flow profile = Horizontal
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Section Description

Water Surface Elevation

HW Eff. Dist. Weir-0240
Weir invert (top of weir) = 2459.06
Weir length = 20 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.275 mgd
Weir submergence = unsubmerged
Head over weir = 0.38 ft

2459.44

HW Eff. Dist. Launder-0250
Launder invert = 2457.34
Launder length = 10 ft
Launder width = 3 ft
Launder slope = 0 ft/ft
Flow through launder = 10.275 mgd
Critical depth = 0.96 ft
Downstream depth = 2.1 ft

2459.63

Upstream depth = 2.29 ft
HW Eff. Dist. Gate Opening-0260
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 30 in
Invert = 2457.34
Number of openings = 1
Flow through opening(s) = 10.275 mgd
Total area of opening(s) = 7.5 ft^2

2459.81

Velocity through opening(s) = 2.12 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.18 ft
Downstream water level = 2459.63
Upstream water level = 2459.81
HW Dist. Basin-0300
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 20.55 mgd
Downstream channel invert = 2454.94
Channel slope = 0 ft/ft

2459.82

Channel side slope = not applicable
Area of flow = 48.75 ft^2
Hydraulic radius = 2.468
Normal depth = infinite
Critical depth = 0.68 ft
Depth downstream = 4.87 ft
Bend loss = 0 ft
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Section Description

Water Surface Elevation

Depth upstream = 4.88 ft
Velocity = 0.65 ft/s
Flow profile = Horizontal
Dist. Pipe to Dist. Basin-0310
Pipe shape = Rectangular
Height = 48 in
Width = 48 in
Length = 12 ft
Flow = 20 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2459.82

Total fitting K value = 0
Pipe area = 16 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.93 ft/s
Friction loss = 0.01 ft
Fitting loss = 0 ft
Total loss = 0.01 ft
Grit. Eff. Channel-0330
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 25.66 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2458.52
Channel slope = 0 ft/ft

2459.85

Channel side slope = not applicable
Area of flow = 5.27 ft^2
Hydraulic radius = 0.795
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 1.3 ft
Bend loss = 0 ft
Depth upstream = 1.33 ft
Velocity = 2.97 ft/s
Flow profile = Horizontal
HW Grit Eff. Weir-0340
Weir invert (top of weir) = 2460.47
Weir length = 16 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10 mgd
Weir submergence = unsubmerged
Head over weir = 0.44 ft

2460.91
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HW Grit Basin-0350
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 16 ft
Flow = 10 mgd
Downstream channel invert = 2459.18
Channel slope = 0 ft/ft

Water Surface Elevation
2460.91

Channel side slope = not applicable
Area of flow = 27.66 ft^2
Hydraulic radius = 1.422
Normal depth = infinite
Critical depth = 0.31 ft
Depth downstream = 1.73 ft
Bend loss = 0 ft
Depth upstream = 1.73 ft
Velocity = 0.56 ft/s
Flow profile = Horizontal
HW Grit Dist. Gate-0360
Opening type = rectangular orifice
Opening diameter/width = 24 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 5
Flow through opening(s) = 10 mgd
Total area of opening(s) = 40 ft^2

2460.92

Velocity through opening(s) = 0.39 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.01 ft
Downstream water level = 2460.91
Upstream water level = 2460.92
HW Ch. to Grit Chamber-0370
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2460.93

Channel side slope = not applicable
Area of flow = 5.73 ft^2
Hydraulic radius = 0.835
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 1.43 ft
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Section Description

Water Surface Elevation

Bend loss = 0 ft
Depth upstream = 1.44 ft
Velocity = 2.71 ft/s
Flow profile = Horizontal
HW Barscreen Eff. Gate-0390
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 1
Flow through opening(s) = 10 mgd
Total area of opening(s) = 16 ft^2

2460.97

Velocity through opening(s) = 0.97 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.04 ft
Downstream water level = 2460.93
Upstream water level = 2460.97
HW Barscreen Eff. Channel-0400
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 12 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2460.98

Channel side slope = not applicable
Area of flow = 5.93 ft^2
Hydraulic radius = 0.852
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 1.48 ft
Bend loss = 0 ft
Depth upstream = 1.49 ft
Velocity = 2.61 ft/s
Flow profile = Horizontal
Mech. Barscreen-0410
Theory used = Bernoulli
Rack/screen invert = 2459.49
Rack/screen width = 4 ft
Flow through rack = 10 mgd
Bar width = 0.12 in
Bar spacing = 0.25 in
Downstream depth = 1.49 ft

2461.32

Approach velocity = 2.11 ft/s
Rack/screen head loss = 0.34 ft
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Barscreen Opening in Channel-0420
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 28.44 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10 mgd
Total area of opening(s) = 9.48 ft^2

Water Surface Elevation
2461.43

Velocity through opening(s) = 1.63 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.11 ft
Downstream water level = 2461.32
Upstream water level = 2461.43
HW Barscreen Inf. Channel-0430
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 21 ft
Channel width/diameter = 4 ft
Flow = 10 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

2461.44

Channel side slope = not applicable
Area of flow = 8.01 ft^2
Hydraulic radius = 1.001
Normal depth = infinite
Critical depth = 0.77 ft
Depth downstream = 2 ft
Bend loss = 0 ft
Depth upstream = 2.01 ft
Velocity = 1.94 ft/s
Flow profile = Horizontal
HW Inf. Gate to Barscreen Channel-0440
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 38.4 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10 mgd
Total area of opening(s) = 12.8 ft^2

2461.5

Velocity through opening(s) = 1.21 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2461.44
Upstream water level = 2461.5
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Section Description
HW Inf. Channel from Screw Pumps-0460
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 11 ft
Channel width/diameter = 29 ft
Flow = 20 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

Water Surface Elevation
2461.5

Channel side slope = not applicable
Area of flow = 59.92 ft^2
Hydraulic radius = 1.808
Normal depth = infinite
Critical depth = 0.33 ft
Depth downstream = 2.07 ft
Bend loss = 0 ft
Depth upstream = 2.07 ft
Velocity = 0.52 ft/s
Flow profile = Horizontal
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Visual Hydraulics Summary Report - Hydraulic Analysis
Project: Nampa_Profile_TC_v4.vhf
Company: Brown and Caldwell
Date:

Current flow conditions
Forward Flow =

18 mgd

Return I Flow =

9 mgd

Return II Flow =

7.5 mgd

Return III Flow =

1.5 mgd

Section Description

Water Surface Elevation

Starting water surface elevation

2451.4

Outfall Structure-0010
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 25 ft
Channel width/diameter = 12 ft
Flow = 32.5 mgd
Downstream channel invert = 2447.19
Channel slope = 0 ft/ft

2451.4

Channel side slope = not applicable
Area of flow = 50.53 ft^2
Hydraulic radius = 2.474
Normal depth = infinite
Critical depth = 0.82 ft
Depth downstream = 4.21 ft
Bend loss = 0 ft
Depth upstream = 4.21 ft
Velocity = 1 ft/s
Flow profile = Horizontal
PLE Pipe-0020
Pipe shape = Circular
Diameter = 42 in
Length = 18 ft
Flow = 32.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2452.09

1

Section Description

Water Surface Elevation

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 5.23 ft/s
Friction loss = 0.05 ft
Fitting loss = 0.64 ft
Total loss = 0.68 ft
Post-Aeration Launder-0040
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 32.5 mgd
Critical depth = 1.46 ft
Downstream depth = 4.77 ft

2452.22

Upstream depth = 4.91 ft
Post-Aeration Launder-0050
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 16.25 mgd
Critical depth = 0.92 ft
Downstream depth = 4.91 ft

2452.25

Upstream depth = 4.94 ft
Post-Aeration Weir-0070
Weir invert (top of weir) = 2451.63
Weir length = 10 ft
Weir 'C' coefficient = 3.33
Flow over weir = 16.25 mgd
Weir submergence = partially submerged
Head over weir = 1 ft

2452.63

Post-Aeration Basin (South) - 0080
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 28.8 ft
Channel width/diameter = 10 ft
Flow = 16.25 mgd
Downstream channel invert = 2437.27
Channel slope = 0 ft/ft

2452.64

Channel side slope = not applicable
Area of flow = 153.64 ft^2
Hydraulic radius = 3.772

2

Section Description

Water Surface Elevation

Normal depth = infinite
Critical depth = 0.58 ft
Depth downstream = 15.36 ft
Bend loss = 0 ft
Depth upstream = 15.37 ft
Velocity = 0.16 ft/s
Flow profile = Horizontal
Post-Aeration Basin Entrance-0090
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 36 in
Invert = 2449
Number of openings = 1
Flow through opening(s) = 16.25 mgd
Total area of opening(s) = 9 ft^2

2452.95

Velocity through opening(s) = 2.79 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.32 ft
Downstream water level = 2452.64
Upstream water level = 2452.95
Post-Aeration Basin Inlet Box-0110
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 5 ft
Flow = 32.5 mgd
Downstream channel invert = 2437.35
Channel slope = 0 ft/ft

2452.95

Channel side slope = not applicable
Area of flow = 78 ft^2
Hydraulic radius = 2.155
Normal depth = infinite
Critical depth = 1.46 ft
Depth downstream = 15.6 ft
Bend loss = 0 ft
Depth upstream = 15.6 ft
Velocity = 0.64 ft/s
Flow profile = Horizontal
PLE PS 4 Eff. Pipe-0120
Pipe shape = Circular
Diameter = 42 in
Length = 75 ft
Flow = 32.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2454

3

Section Description

Water Surface Elevation

Total fitting K value = 2

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 5.23 ft/s
Friction loss = 0.2 ft
Fitting loss = 0.85 ft
Total loss = 1.04 ft
PS 4 Wet Well-0140
Channel shape = Rectangular
Manning's 'n' = 0.13
Channel length = 15 ft
Channel width/diameter = 19.33 ft
Flow = 32.5 mgd
Downstream channel invert = 2439.42
Channel slope = 0 ft/ft

2454

Channel side slope = not applicable
Area of flow = 281.78 ft^2
Hydraulic radius = 5.812
Normal depth = infinite
Critical depth = 0.59 ft
Depth downstream = 14.58 ft
Bend loss = 0 ft
Depth upstream = 14.58 ft
Velocity = 0.18 ft/s
Flow profile = Horizontal
PLE Chlorine Eff. Pipe-0150
Pipe shape = Circular
Diameter = 36 in
Length = 21 ft
Flow = 16.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2454.32

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 3.56 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.29 ft
Total loss = 0.33 ft
Chlorine Outlet Box-0170
Channel shape = Rectangular

2454.33

4

Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 7.5 ft
Flow = 16.25 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 111.56 ft^2
Hydraulic radius = 2.995
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 14.87 ft
Bend loss = 0 ft
Depth upstream = 14.88 ft
Velocity = 0.23 ft/s
Flow profile = Horizontal
Chlorine Eff. Weir-0180
Weir invert (top of weir) = 2453.42
Weir length = 7.5 ft
Weir 'C' coefficient = 3.33
Flow over weir = 16.25 mgd
Weir submergence = partially submerged
Head over weir = 1.29 ft

2454.71

Chlorine Basin (West)-0190
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 315 ft
Channel width/diameter = 7.5 ft
Flow = 16.25 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

2454.71

Channel side slope = not applicable
Area of flow = 114.42 ft^2
Hydraulic radius = 3.01
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 15.26 ft
Bend loss = 0 ft
Depth upstream = 15.26 ft
Velocity = 0.22 ft/s
Flow profile = Horizontal
NE Chlorine Mix Eff. Pipe-0210
Pipe shape = Circular
Diameter = 36 in
Length = 20 ft

2455.1

5

Section Description

Water Surface Elevation

Flow = 16.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.83

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 3.56 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.36 ft
Total loss = 0.39 ft
Chlorine Mix Station-0240
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 17 ft
Channel width/diameter = 10 ft
Flow = 32.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

2455.1

Channel side slope = not applicable
Area of flow = 64.09 ft^2
Hydraulic radius = 2.809
Normal depth = infinite
Critical depth = 0.92 ft
Depth downstream = 6.41 ft
Bend loss = 0 ft
Depth upstream = 6.41 ft
Velocity = 0.78 ft/s
Flow profile = Horizontal
Chlorine Mix Station Wall-0250
Opening type = rectangular orifice
Opening diameter/width = 180 in
Opening height = 90 in
Invert = 2449.27
Number of openings = 1
Flow through opening(s) = 32.5 mgd
Total area of opening(s) = 112.5 ft^2

2455.11

Velocity through opening(s) = 0.45 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.01 ft
Downstream water level = 2455.1
Upstream water level = 2455.11
Chlorine Mix Station-0260
Channel shape = Rectangular

2455.11

6

Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 10.5 ft
Channel width/diameter = 10 ft
Flow = 32.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 64.19 ft^2
Hydraulic radius = 2.811
Normal depth = infinite
Critical depth = 0.92 ft
Depth downstream = 6.42 ft
Bend loss = 0 ft
Depth upstream = 6.42 ft
Velocity = 0.78 ft/s
Flow profile = Horizontal
FC Eff. Pipe-0270
Pipe shape = Circular
Diameter = 48 in
Length = 60 ft
Flow = 32.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2455.62

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 4 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.43 ft
Total loss = 0.51 ft
FC Eff. Mix Box-0290
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 32.5 mgd
Downstream channel invert = 2444.77
Channel slope = 0 ft/ft

2455.63

Channel side slope = not applicable
Area of flow = 86.83 ft^2
Hydraulic radius = 2.923
Normal depth = infinite
Critical depth = 1.07 ft
Depth downstream = 10.85 ft

7

Section Description

Water Surface Elevation

Bend loss = 0 ft
Depth upstream = 10.86 ft
Velocity = 0.58 ft/s
Flow profile = Horizontal
FC eff. Pipe-0300
Pipe shape = Circular
Diameter = 48 in
Length = 220 ft
Flow = 10.832 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.25

2455.72

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.33 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.06 ft
Total loss = 0.09 ft
FC Eff. Split Box-0320
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.833 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2455.72

Channel side slope = not applicable
Area of flow = 117.61 ft^2
Hydraulic radius = 3.144
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 14.7 ft
Bend loss = 0 ft
Depth upstream = 14.7 ft
Velocity = 0.14 ft/s
Flow profile = Horizontal
Sluice Gate-0330
Opening type = circular gate
Opening diameter/width = 48 in
Gate height = 48 in
Invert = 2441.02
Number of gates = 1
Flow through gate(s) = 10.833 mgd

2455.8

8

Section Description

Water Surface Elevation

Total area of opening(s) = 12.57 ft^2

Velocity through gate(s) = 1.33 ft/s
Flow behavior = orifice, downstream control
Gate loss = 0.08 ft
Downstream water level = 2455.72
Upstream water level = 2455.8
FC Eff. Split Box-0340
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.832 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2455.8

Channel side slope = not applicable
Area of flow = 118.24 ft^2
Hydraulic radius = 3.148
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 14.78 ft
Bend loss = 0 ft
Depth upstream = 14.78 ft
Velocity = 0.14 ft/s
Flow profile = Horizontal
FC Eff. Pipe to FC3-0360
Pipe shape = Circular
Diameter = 42 in
Length = 28 ft
Flow = 10.832 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2455.89

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 1.74 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.08 ft
Total loss = 0.09 ft
FC3 Eff. Box-0370
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft

2455.89

9

Section Description

Water Surface Elevation

Flow = 10.832 mgd
Downstream channel invert = 2448.38
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 30.05 ft^2
Hydraulic radius = 1.579
Normal depth = infinite
Critical depth = 0.82 ft
Depth downstream = 7.51 ft
Bend loss = 0 ft
Depth upstream = 7.51 ft
Velocity = 0.56 ft/s
Flow profile = Horizontal
FC3 Eff. Launder-0380
Launder invert = 2454.02
Launder length = 184 ft
Launder width = 3 ft
Launder slope = 0.00521 ft/ft
Flow through launder = 5.416 mgd
Critical depth = 0.62 ft
Downstream depth = 1.87 ft

2455.97

Upstream depth = 1 ft
FC3 Eff. Weir-0410
Invert of V notch = 2456.08
Angle of V notch = 90 degrees
Number of notches = 716
Total flow over weir = 10.832 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2456.23

FC Energy Dissipator-0430
Opening type = rectangular orifice
Opening diameter/width = 14 in
Opening height = 24 in
Invert = 2454.08
Number of openings = 6
Flow through opening(s) = 15.999 mgd
Total area of opening(s) = 14 ft^2

2456.36

Velocity through opening(s) = 1.77 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.13 ft
Downstream water level = 2456.23
Upstream water level = 2456.36
FC Split to FC3 Pipe-0440
Pipe shape = Circular

2457.87

10

Section Description

Water Surface Elevation

Diameter = 30 in
Length = 150 ft
Flow = 15.999 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.4

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 5.04 ft/s
Friction loss = 0.56 ft
Fitting loss = 0.95 ft
Total loss = 1.51 ft
FC Split Eff. Collector-0480
Launder invert = 2444.02
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 15.999 mgd
Critical depth = 0.91 ft
Downstream depth = 13.85 ft

2457.87

Upstream depth = 13.85 ft
FC Split Box Weir-0490
Weir invert (top of weir) = 2457.83
Weir length = 20.1 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.999 mgd
Weir submergence = partially submerged
Head over weir = 0.53 ft

2458.36

FC Split Box Ch. 2-0510
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 48 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.36

Channel side slope = not applicable
Area of flow = 387.22 ft^2
Hydraulic radius = 6.954
Normal depth = infinite
Critical depth = 0.62 ft
Depth downstream = 14.34 ft
Bend loss = 0 ft

11

Section Description

Water Surface Elevation

Depth upstream = 14.34 ft
Velocity = 0.19 ft/s
Flow profile = Horizontal
Baffle in FC Splitter-0520
Opening type = rectangular orifice
Opening diameter/width = 324 in
Opening height = 12 in
Invert = 2444.02
Number of openings = 1
Flow through opening(s) = 48 mgd
Total area of opening(s) = 27 ft^2

2458.67

Velocity through opening(s) = 2.75 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.31 ft
Downstream water level = 2458.36
Upstream water level = 2458.67
FC Split Box Entrance Ch.1-0530
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 48 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.67

Channel side slope = not applicable
Area of flow = 395.51 ft^2
Hydraulic radius = 7.025
Normal depth = infinite
Critical depth = 0.62 ft
Depth downstream = 14.65 ft
Bend loss = 0 ft
Depth upstream = 14.65 ft
Velocity = 0.19 ft/s
Flow profile = Horizontal
AB2-3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 650 ft
Flow = 31.99 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 3.3

2460.29

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1

12

Section Description

Water Surface Elevation

Solids factor = 1
Velocity = 3.94 ft/s
Friction loss = 0.82 ft
Fitting loss = 0.79 ft
Total loss = 1.62 ft
AB3 Eff. Pipe2-0574
Pipe shape = Circular
Diameter = 42 in
Length = 100 ft
Flow = 15.999 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2460.5

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 2.57 ft/s
Friction loss = 0.06 ft
Fitting loss = 0.15 ft
Total loss = 0.22 ft
AB3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 250 ft
Flow = 15.999 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.2

2460.66

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.97 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.07 ft
Total loss = 0.15 ft
AB Eff. Box-0578
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 26.33 ft
Flow = 15.999 mgd
Downstream channel invert = 2448.75
Channel slope = 0 ft/ft

2460.66

13

Section Description

Water Surface Elevation

Channel side slope = not applicable
Area of flow = 313.52 ft^2
Hydraulic radius = 6.252
Normal depth = infinite
Critical depth = 0.3 ft
Depth downstream = 11.91 ft
Bend loss = 0 ft
Depth upstream = 11.91 ft
Velocity = 0.08 ft/s
Flow profile = Horizontal
AB Eff. Weir-0580
Weir invert (top of weir) = 2461.1
Weir length = 50 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.999 mgd
Weir submergence = unsubmerged
Head over weir = 0.28 ft

2461.38

Aeration Basin Section 2-0590
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 53 ft
Flow = 15.999 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 1010.77 ft^2
Hydraulic radius = 11.09
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.02 ft/s
Flow profile = Horizontal
AB Orifice-0591
Opening type = rectangular orifice
Opening diameter/width = 240 in
Opening height = 276 in
Invert = 2437.41
Number of openings = 1
Flow through opening(s) = 15.999 mgd
Total area of opening(s) = 460 ft^2

2461.38

Velocity through opening(s) = 0.05 ft/s
Flow behavior = orifice, downstream control

14

Section Description

Water Surface Elevation

Orifice loss = 0 ft
Downstream water level = 2461.38
Upstream water level = 2461.38
Aeration Section 1-0592
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 23 ft
Flow = 15.999 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 438.68 ft^2
Hydraulic radius = 7.174
Normal depth = infinite
Critical depth = 0.33 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.06 ft/s
Flow profile = Horizontal
FAZ AB Weir-0594
Weir invert (top of weir) = 2461.67
Weir length = 20 ft
Weir height = 19.7 ft
Flow over weir = 15.999 mgd
Submergence = unsubmerged
Head over weir = 0.64 ft

2462.31

FAZ Basin-0600
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 50 ft
Channel width/diameter = 53 ft
Flow = 15.999 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.31

Channel side slope = not applicable
Area of flow = 1060.01 ft^2
Hydraulic radius = 11.398
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 20 ft
Bend loss = 0 ft
Depth upstream = 20 ft
Velocity = 0.02 ft/s

15

Section Description

Water Surface Elevation

Flow profile = Horizontal
Selector Weir-0610
Weir invert (top of weir) = 2462.17
Weir length = 53 ft
Weir height = 20.1 ft
Flow over weir = 5.709 mgd
Submergence = submerged
Head over weir = 0.18 ft

2462.35

Selector Basin-0617
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 55 ft
Channel width/diameter = 53 ft
Flow = 5.709 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.35

Channel side slope = not applicable
Area of flow = 1062.14 ft^2
Hydraulic radius = 11.411
Normal depth = infinite
Critical depth = 0.1 ft
Depth downstream = 20.04 ft
Bend loss = 0 ft
Depth upstream = 20.04 ft
Velocity = 0.01 ft/s
Flow profile = Horizontal
PEPS

2447.25
Constant elevation = 2447.25

PEPS Wet Well-015A
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 59.67 ft
Channel width/diameter = 7 ft
Flow = 32.5 mgd
Downstream channel invert = 2432
Channel slope = 0 ft/ft

2447.25

Channel side slope = not applicable
Area of flow = 106.75 ft^2
Hydraulic radius = 2.847
Normal depth = infinite
Critical depth = 1.17 ft
Depth downstream = 15.25 ft
Bend loss = 0 ft
Depth upstream = 15.25 ft

16

Section Description

Water Surface Elevation

Velocity = 0.47 ft/s
Flow profile = Horizontal
Box 3 to PEPS-020
Pipe shape = Circular
Diameter = 42 in
Length = 160 ft
Flow = 23.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.1

2447.92

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 3.74 ft/s
Friction loss = 0.22 ft
Fitting loss = 0.46 ft
Total loss = 0.67 ft
SC2 to Split Box Pipe-0695
Pipe shape = Circular
Diameter = 30 in
Length = 340 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.7

2447.77

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 2.36 ft/s
Friction loss = 0.28 ft
Fitting loss = 0.23 ft
Total loss = 0.52 ft
2nd Eff. Box-0710
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 4.4 ft
Channel width/diameter = 3.6 ft
Flow = 7.5 mgd
Downstream channel invert = 2457.35
Channel slope = 0 ft/ft

2458.13

Channel side slope = not applicable
Area of flow = 2.64 ft^2

17

Section Description

Water Surface Elevation

Hydraulic radius = 0.52
Normal depth = infinite
Critical depth = 0.69 ft
Depth downstream = 0.69 ft
Bend loss = 0 ft
Depth upstream = 0.78 ft
Velocity = 4.7 ft/s
Flow profile = Horizontal
SC2 Eff. Launder-0720
Launder invert = 2465.35
Launder length = 189 ft
Launder width = 2 ft
Launder slope = 0.0106 ft/ft
Flow through launder = 3.75 mgd
Critical depth = 0.64 ft
Downstream depth = 0.64 ft

2467.99

Upstream depth = 0.64 ft
SC2 Weir-0730
Invert of V notch = 2469.38
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 7.5 mgd
Weir submergence = unsubmerged
Head over weir = 0.13 ft

2469.51

TFEPS to SC2-735
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 11.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2469.6

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.38 ft/s
Friction loss = 0.05 ft
Fitting loss = 0.04 ft
Total loss = 0.09 ft
Filter Effluent PS-740
Constant elevation = 2448.02

2448.02

TFRPS-745

2450.32

18

Section Description

Water Surface Elevation

Constant elevation = 2450.32
Box 3 to TF-750
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2450.36

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 0.92 ft/s
Friction loss = 0.02 ft
Fitting loss = 0.02 ft
Total loss = 0.04 ft
SC/PEPS Split
User defined loss for flow split = 0 ft
Total flow through flow split = 23.25 mgd

2447.92

Box 3-040
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 31.55 mgd
Downstream channel invert = 2446.02
Channel slope = 0 ft/ft

2447.93

Channel side slope = not applicable
Area of flow = 15.25 ft^2
Hydraulic radius = 1.291
Normal depth = infinite
Critical depth = 1.05 ft
Depth downstream = 1.9 ft
Bend loss = 0 ft
Depth upstream = 1.91 ft
Velocity = 3.21 ft/s
Flow profile = Horizontal
PC Collect to Box-3-050
Pipe shape = Circular
Diameter = 36 in
Length = 138 ft
Flow = 10.516 mgd
Friction method = Colebrook-White

2448.19

19

Section Description

Water Surface Elevation

Friction factor = 0.005
Total fitting K value = 2.1

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.3 ft/s
Friction loss = 0.09 ft
Fitting loss = 0.17 ft
Total loss = 0.26 ft
Total loss = 0 ft
PC3 Collect Box-0160
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft
Flow = 10.516 mgd
Downstream channel invert = 2450.12
Channel slope = 0 ft/ft

2451

Channel side slope = not applicable
Area of flow = 3.37 ft^2
Hydraulic radius = 0.592
Normal depth = infinite
Critical depth = 0.8 ft
Depth downstream = 0.8 ft
Bend loss = 0 ft
Depth upstream = 0.88 ft
Velocity = 5.08 ft/s
Flow profile = Horizontal
PC3 Eff Launder-0180
Launder invert = 2452.74
Launder length = 188.5 ft
Launder width = 3 ft
Launder slope = 0.0053 ft/ft
Flow through launder = 5.418 mgd
Critical depth = 0.62 ft
Downstream depth = 0.62 ft

2454.36

Upstream depth = 0.62 ft
PC3 Weir-0200
Invert of V notch = 2455.42
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 10.516 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2455.57
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Section Description
PC3 Inlet Feedwell-0205
Opening type = rectangular orifice
Opening diameter/width = 18 in
Opening height = 18 in
Invert = 2453.92
Number of openings = 6
Flow through opening(s) = 10.517 mgd
Total area of opening(s) = 13.5 ft^2

Water Surface Elevation
2455.63

Velocity through opening(s) = 1.21 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2455.57
Upstream water level = 2455.63
Conc. Pipe to PC3-0210
Pipe shape = Circular
Diameter = 36 in
Length = 160 ft
Flow = 10.516 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2

2455.89

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.3 ft/s
Friction loss = 0.1 ft
Fitting loss = 0.16 ft
Total loss = 0.26 ft
HW Eff. Dist. Box Basin-0230
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 10.516 mgd
Downstream channel invert = 2451.52
Channel slope = 0 ft/ft

2455.89

Channel side slope = not applicable
Area of flow = 43.73 ft^2
Hydraulic radius = 2.333
Normal depth = infinite
Critical depth = 0.44 ft
Depth downstream = 4.37 ft
Bend loss = 0 ft
Depth upstream = 4.37 ft
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Section Description

Water Surface Elevation

Velocity = 0.37 ft/s
Flow profile = Horizontal
HW Eff. Dist. Weir-0240
Weir invert (top of weir) = 2459.06
Weir length = 20 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.516 mgd
Weir submergence = unsubmerged
Head over weir = 0.39 ft

2459.45

HW Eff. Dist. Launder-0250
Launder invert = 2457.34
Launder length = 10 ft
Launder width = 3 ft
Launder slope = 0 ft/ft
Flow through launder = 10.516 mgd
Critical depth = 0.97 ft
Downstream depth = 2.11 ft

2459.65

Upstream depth = 2.31 ft
HW Eff. Dist. Gate Opening-0260
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 30 in
Invert = 2457.34
Number of openings = 1
Flow through opening(s) = 10.516 mgd
Total area of opening(s) = 7.5 ft^2

2459.84

Velocity through opening(s) = 2.17 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.19 ft
Downstream water level = 2459.65
Upstream water level = 2459.84
HW Dist. Basin-0300
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 31.183 mgd
Downstream channel invert = 2454.94
Channel slope = 0 ft/ft

2459.84

Channel side slope = not applicable
Area of flow = 48.97 ft^2
Hydraulic radius = 2.474
Normal depth = infinite
Critical depth = 0.9 ft
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Section Description

Water Surface Elevation

Depth downstream = 4.9 ft
Bend loss = 0 ft
Depth upstream = 4.9 ft
Velocity = 0.99 ft/s
Flow profile = Horizontal
Dist. Pipe to Dist. Basin-0310
Pipe shape = Rectangular
Height = 48 in
Width = 48 in
Length = 12 ft
Flow = 31 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2459.86

Total fitting K value = 0
Pipe area = 16 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 3 ft/s
Friction loss = 0.02 ft
Fitting loss = 0 ft
Total loss = 0.02 ft
Grit. Eff. Channel-0330
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 25.66 ft
Channel width/diameter = 4 ft
Flow = 15.5 mgd
Downstream channel invert = 2458.52
Channel slope = 0 ft/ft

2459.94

Channel side slope = not applicable
Area of flow = 5.52 ft^2
Hydraulic radius = 0.816
Normal depth = infinite
Critical depth = 1.04 ft
Depth downstream = 1.34 ft
Bend loss = 0 ft
Depth upstream = 1.42 ft
Velocity = 4.48 ft/s
Flow profile = Horizontal
HW Grit Eff. Weir-0340
Weir invert (top of weir) = 2460.47
Weir length = 16 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.5 mgd

2461.06
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Section Description

Water Surface Elevation

Weir submergence = unsubmerged
Head over weir = 0.59 ft
HW Grit Basin-0350
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 16 ft
Flow = 15.5 mgd
Downstream channel invert = 2459.18
Channel slope = 0 ft/ft

2461.06

Channel side slope = not applicable
Area of flow = 30.04 ft^2
Hydraulic radius = 1.521
Normal depth = infinite
Critical depth = 0.41 ft
Depth downstream = 1.88 ft
Bend loss = 0 ft
Depth upstream = 1.88 ft
Velocity = 0.8 ft/s
Flow profile = Horizontal
HW Grit Dist. Gate-0360
Opening type = rectangular orifice
Opening diameter/width = 24 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 5
Flow through opening(s) = 15.5 mgd
Total area of opening(s) = 40 ft^2

2461.07

Velocity through opening(s) = 0.6 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.01 ft
Downstream water level = 2461.06
Upstream water level = 2461.07
HW Ch. to Grit Chamber-0370
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 4 ft
Flow = 10.333 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2461.09

Channel side slope = not applicable
Area of flow = 6.36 ft^2
Hydraulic radius = 0.885
Normal depth = infinite
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Section Description

Water Surface Elevation

Critical depth = 0.79 ft
Depth downstream = 1.58 ft
Bend loss = 0 ft
Depth upstream = 1.6 ft
Velocity = 2.52 ft/s
Flow profile = Horizontal
HW Barscreen Eff. Gate-0390
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 1
Flow through opening(s) = 10.333 mgd
Total area of opening(s) = 16 ft^2

2461.13

Velocity through opening(s) = 1 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.04 ft
Downstream water level = 2461.09
Upstream water level = 2461.13
HW Barscreen Eff. Channel-0400
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 12 ft
Channel width/diameter = 4 ft
Flow = 10.333 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2461.13

Channel side slope = not applicable
Area of flow = 6.56 ft^2
Hydraulic radius = 0.901
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 1.64 ft
Bend loss = 0 ft
Depth upstream = 1.64 ft
Velocity = 2.44 ft/s
Flow profile = Horizontal
Mech. Barscreen-0410
Theory used = Bernoulli
Rack/screen invert = 2459.49
Rack/screen width = 4 ft
Flow through rack = 10.334 mgd
Bar width = 0.12 in
Bar spacing = 0.25 in
Downstream depth = 1.64 ft

2461.45
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Section Description

Water Surface Elevation

Approach velocity = 2.04 ft/s
Rack/screen head loss = 0.32 ft
Barscreen Opening in Channel-0420
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 28.44 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10.333 mgd
Total area of opening(s) = 9.48 ft^2

2461.57

Velocity through opening(s) = 1.69 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.11 ft
Downstream water level = 2461.45
Upstream water level = 2461.57
HW Barscreen Inf. Channel-0430
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 21 ft
Channel width/diameter = 4 ft
Flow = 10.333 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

2461.57

Channel side slope = not applicable
Area of flow = 8.56 ft^2
Hydraulic radius = 1.034
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 2.14 ft
Bend loss = 0 ft
Depth upstream = 2.14 ft
Velocity = 1.87 ft/s
Flow profile = Horizontal
HW Inf. Gate to Barscreen Channel-0440
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 38.4 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10.334 mgd
Total area of opening(s) = 12.8 ft^2

2461.64

Velocity through opening(s) = 1.25 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2461.57
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Section Description

Water Surface Elevation

Upstream water level = 2461.64
HW Inf. Channel from Screw Pumps-0460
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 11 ft
Channel width/diameter = 29 ft
Flow = 31 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

2461.64

Channel side slope = not applicable
Area of flow = 64.03 ft^2
Hydraulic radius = 1.916
Normal depth = infinite
Critical depth = 0.44 ft
Depth downstream = 2.21 ft
Bend loss = 0 ft
Depth upstream = 2.21 ft
Velocity = 0.75 ft/s
Flow profile = Horizontal
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Visual Hydraulics Summary Report - Hydraulic Analysis
Project: Nampa_Profile_TC_v4.vhf
Company: Brown and Caldwell
Date:

Current flow conditions
Forward Flow =

31 mgd

Return I Flow =

15.5 mgd

Return II Flow =

7.5 mgd

Return III Flow =

1.5 mgd

Section Description

Water Surface Elevation

Starting water surface elevation

2451.4

Outfall Structure-0010
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 25 ft
Channel width/diameter = 12 ft
Flow = 32.5 mgd
Downstream channel invert = 2447.19
Channel slope = 0 ft/ft

2451.4

Channel side slope = not applicable
Area of flow = 50.53 ft^2
Hydraulic radius = 2.474
Normal depth = infinite
Critical depth = 0.82 ft
Depth downstream = 4.21 ft
Bend loss = 0 ft
Depth upstream = 4.21 ft
Velocity = 1 ft/s
Flow profile = Horizontal
PLE Pipe-0020
Pipe shape = Circular
Diameter = 42 in
Length = 18 ft
Flow = 32.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2452.09

1

Section Description

Water Surface Elevation

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 5.23 ft/s
Friction loss = 0.05 ft
Fitting loss = 0.64 ft
Total loss = 0.68 ft
Post-Aeration Launder-0040
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 32.5 mgd
Critical depth = 1.46 ft
Downstream depth = 4.77 ft

2452.22

Upstream depth = 4.91 ft
Post-Aeration Launder-0050
Launder invert = 2447.31
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 16.25 mgd
Critical depth = 0.92 ft
Downstream depth = 4.91 ft

2452.25

Upstream depth = 4.94 ft
Post-Aeration Weir-0070
Weir invert (top of weir) = 2451.63
Weir length = 10 ft
Weir 'C' coefficient = 3.33
Flow over weir = 16.25 mgd
Weir submergence = partially submerged
Head over weir = 1 ft

2452.63

Post-Aeration Basin (South) - 0080
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 28.8 ft
Channel width/diameter = 10 ft
Flow = 16.25 mgd
Downstream channel invert = 2437.27
Channel slope = 0 ft/ft

2452.64

Channel side slope = not applicable
Area of flow = 153.64 ft^2
Hydraulic radius = 3.772

2

Section Description

Water Surface Elevation

Normal depth = infinite
Critical depth = 0.58 ft
Depth downstream = 15.36 ft
Bend loss = 0 ft
Depth upstream = 15.37 ft
Velocity = 0.16 ft/s
Flow profile = Horizontal
Post-Aeration Basin Entrance-0090
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 36 in
Invert = 2449
Number of openings = 1
Flow through opening(s) = 16.25 mgd
Total area of opening(s) = 9 ft^2

2452.95

Velocity through opening(s) = 2.79 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.32 ft
Downstream water level = 2452.64
Upstream water level = 2452.95
Post-Aeration Basin Inlet Box-0110
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 5 ft
Flow = 32.5 mgd
Downstream channel invert = 2437.35
Channel slope = 0 ft/ft

2452.95

Channel side slope = not applicable
Area of flow = 78 ft^2
Hydraulic radius = 2.155
Normal depth = infinite
Critical depth = 1.46 ft
Depth downstream = 15.6 ft
Bend loss = 0 ft
Depth upstream = 15.6 ft
Velocity = 0.64 ft/s
Flow profile = Horizontal
PLE PS 4 Eff. Pipe-0120
Pipe shape = Circular
Diameter = 42 in
Length = 75 ft
Flow = 32.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2454

3

Section Description

Water Surface Elevation

Total fitting K value = 2

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 5.23 ft/s
Friction loss = 0.2 ft
Fitting loss = 0.85 ft
Total loss = 1.04 ft
PS 4 Wet Well-0140
Channel shape = Rectangular
Manning's 'n' = 0.13
Channel length = 15 ft
Channel width/diameter = 19.33 ft
Flow = 32.5 mgd
Downstream channel invert = 2439.42
Channel slope = 0 ft/ft

2454

Channel side slope = not applicable
Area of flow = 281.78 ft^2
Hydraulic radius = 5.812
Normal depth = infinite
Critical depth = 0.59 ft
Depth downstream = 14.58 ft
Bend loss = 0 ft
Depth upstream = 14.58 ft
Velocity = 0.18 ft/s
Flow profile = Horizontal
PLE Chlorine Eff. Pipe-0150
Pipe shape = Circular
Diameter = 36 in
Length = 21 ft
Flow = 16.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2454.32

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 3.56 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.29 ft
Total loss = 0.33 ft
Chlorine Outlet Box-0170
Channel shape = Rectangular

2454.33

4

Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 7.5 ft
Flow = 16.25 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 111.56 ft^2
Hydraulic radius = 2.995
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 14.87 ft
Bend loss = 0 ft
Depth upstream = 14.88 ft
Velocity = 0.23 ft/s
Flow profile = Horizontal
Chlorine Eff. Weir-0180
Weir invert (top of weir) = 2453.42
Weir length = 7.5 ft
Weir 'C' coefficient = 3.33
Flow over weir = 16.25 mgd
Weir submergence = partially submerged
Head over weir = 1.29 ft

2454.71

Chlorine Basin (West)-0190
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 315 ft
Channel width/diameter = 7.5 ft
Flow = 16.25 mgd
Downstream channel invert = 2439.45
Channel slope = 0 ft/ft

2454.71

Channel side slope = not applicable
Area of flow = 114.42 ft^2
Hydraulic radius = 3.01
Normal depth = infinite
Critical depth = 0.7 ft
Depth downstream = 15.26 ft
Bend loss = 0 ft
Depth upstream = 15.26 ft
Velocity = 0.22 ft/s
Flow profile = Horizontal
NE Chlorine Mix Eff. Pipe-0210
Pipe shape = Circular
Diameter = 36 in
Length = 20 ft

2455.1

5

Section Description

Water Surface Elevation

Flow = 16.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.83

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 3.56 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.36 ft
Total loss = 0.39 ft
Chlorine Mix Station-0240
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 17 ft
Channel width/diameter = 10 ft
Flow = 32.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

2455.1

Channel side slope = not applicable
Area of flow = 64.09 ft^2
Hydraulic radius = 2.809
Normal depth = infinite
Critical depth = 0.92 ft
Depth downstream = 6.41 ft
Bend loss = 0 ft
Depth upstream = 6.41 ft
Velocity = 0.78 ft/s
Flow profile = Horizontal
Chlorine Mix Station Wall-0250
Opening type = rectangular orifice
Opening diameter/width = 180 in
Opening height = 90 in
Invert = 2449.27
Number of openings = 1
Flow through opening(s) = 32.5 mgd
Total area of opening(s) = 112.5 ft^2

2455.11

Velocity through opening(s) = 0.45 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.01 ft
Downstream water level = 2455.1
Upstream water level = 2455.11
Chlorine Mix Station-0260
Channel shape = Rectangular

2455.11

6

Section Description

Water Surface Elevation

Manning's 'n' = 0.013
Channel length = 10.5 ft
Channel width/diameter = 10 ft
Flow = 32.5 mgd
Downstream channel invert = 2448.69
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 64.19 ft^2
Hydraulic radius = 2.811
Normal depth = infinite
Critical depth = 0.92 ft
Depth downstream = 6.42 ft
Bend loss = 0 ft
Depth upstream = 6.42 ft
Velocity = 0.78 ft/s
Flow profile = Horizontal
FC Eff. Pipe-0270
Pipe shape = Circular
Diameter = 48 in
Length = 60 ft
Flow = 32.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2455.62

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 4 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.43 ft
Total loss = 0.51 ft
FC Eff. Mix Box-0290
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 32.5 mgd
Downstream channel invert = 2444.77
Channel slope = 0 ft/ft

2455.63

Channel side slope = not applicable
Area of flow = 86.83 ft^2
Hydraulic radius = 2.923
Normal depth = infinite
Critical depth = 1.07 ft
Depth downstream = 10.85 ft

7

Section Description

Water Surface Elevation

Bend loss = 0 ft
Depth upstream = 10.86 ft
Velocity = 0.58 ft/s
Flow profile = Horizontal
FC eff. Pipe-0300
Pipe shape = Circular
Diameter = 48 in
Length = 220 ft
Flow = 10.832 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.25

2455.72

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.33 ft/s
Friction loss = 0.03 ft
Fitting loss = 0.06 ft
Total loss = 0.09 ft
FC Eff. Split Box-0320
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.833 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2455.72

Channel side slope = not applicable
Area of flow = 117.61 ft^2
Hydraulic radius = 3.144
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 14.7 ft
Bend loss = 0 ft
Depth upstream = 14.7 ft
Velocity = 0.14 ft/s
Flow profile = Horizontal
Sluice Gate-0330
Opening type = circular gate
Opening diameter/width = 48 in
Gate height = 48 in
Invert = 2441.02
Number of gates = 1
Flow through gate(s) = 10.833 mgd

2455.8

8

Section Description

Water Surface Elevation

Total area of opening(s) = 12.57 ft^2

Velocity through gate(s) = 1.33 ft/s
Flow behavior = orifice, downstream control
Gate loss = 0.08 ft
Downstream water level = 2455.72
Upstream water level = 2455.8
FC Eff. Split Box-0340
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 10.832 mgd
Downstream channel invert = 2441.02
Channel slope = 0 ft/ft

2455.8

Channel side slope = not applicable
Area of flow = 118.24 ft^2
Hydraulic radius = 3.148
Normal depth = infinite
Critical depth = 0.51 ft
Depth downstream = 14.78 ft
Bend loss = 0 ft
Depth upstream = 14.78 ft
Velocity = 0.14 ft/s
Flow profile = Horizontal
FC Eff. Pipe to FC3-0360
Pipe shape = Circular
Diameter = 42 in
Length = 28 ft
Flow = 10.832 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.75

2455.89

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 1.74 ft/s
Friction loss = 0.01 ft
Fitting loss = 0.08 ft
Total loss = 0.09 ft
FC3 Eff. Box-0370
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft

2455.89

9

Section Description

Water Surface Elevation

Flow = 10.832 mgd
Downstream channel invert = 2448.38
Channel slope = 0 ft/ft

Channel side slope = not applicable
Area of flow = 30.05 ft^2
Hydraulic radius = 1.579
Normal depth = infinite
Critical depth = 0.82 ft
Depth downstream = 7.51 ft
Bend loss = 0 ft
Depth upstream = 7.51 ft
Velocity = 0.56 ft/s
Flow profile = Horizontal
FC3 Eff. Launder-0380
Launder invert = 2454.02
Launder length = 184 ft
Launder width = 3 ft
Launder slope = 0.00521 ft/ft
Flow through launder = 5.416 mgd
Critical depth = 0.62 ft
Downstream depth = 1.87 ft

2455.97

Upstream depth = 1 ft
FC3 Eff. Weir-0410
Invert of V notch = 2456.08
Angle of V notch = 90 degrees
Number of notches = 716
Total flow over weir = 10.832 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2456.23

FC Energy Dissipator-0430
Opening type = rectangular orifice
Opening diameter/width = 14 in
Opening height = 24 in
Invert = 2454.08
Number of openings = 6
Flow through opening(s) = 15.999 mgd
Total area of opening(s) = 14 ft^2

2456.36

Velocity through opening(s) = 1.77 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.13 ft
Downstream water level = 2456.23
Upstream water level = 2456.36
FC Split to FC3 Pipe-0440
Pipe shape = Circular

2457.87

10

Section Description

Water Surface Elevation

Diameter = 30 in
Length = 150 ft
Flow = 15.999 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.4

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 5.04 ft/s
Friction loss = 0.56 ft
Fitting loss = 0.95 ft
Total loss = 1.51 ft
FC Split Eff. Collector-0480
Launder invert = 2444.02
Launder length = 10 ft
Launder width = 5 ft
Launder slope = 0 ft/ft
Flow through launder = 15.999 mgd
Critical depth = 0.91 ft
Downstream depth = 13.85 ft

2457.87

Upstream depth = 13.85 ft
FC Split Box Weir-0490
Weir invert (top of weir) = 2457.83
Weir length = 20.1 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.999 mgd
Weir submergence = partially submerged
Head over weir = 0.53 ft

2458.36

FC Split Box Ch. 2-0510
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 48 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.36

Channel side slope = not applicable
Area of flow = 387.22 ft^2
Hydraulic radius = 6.954
Normal depth = infinite
Critical depth = 0.62 ft
Depth downstream = 14.34 ft
Bend loss = 0 ft

11

Section Description

Water Surface Elevation

Depth upstream = 14.34 ft
Velocity = 0.19 ft/s
Flow profile = Horizontal
Baffle in FC Splitter-0520
Opening type = rectangular orifice
Opening diameter/width = 324 in
Opening height = 12 in
Invert = 2444.02
Number of openings = 1
Flow through opening(s) = 48 mgd
Total area of opening(s) = 27 ft^2

2458.67

Velocity through opening(s) = 2.75 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.31 ft
Downstream water level = 2458.36
Upstream water level = 2458.67
FC Split Box Entrance Ch.1-0530
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 27 ft
Flow = 48 mgd
Downstream channel invert = 2444.02
Channel slope = 0 ft/ft

2458.67

Channel side slope = not applicable
Area of flow = 395.51 ft^2
Hydraulic radius = 7.025
Normal depth = infinite
Critical depth = 0.62 ft
Depth downstream = 14.65 ft
Bend loss = 0 ft
Depth upstream = 14.65 ft
Velocity = 0.19 ft/s
Flow profile = Horizontal
AB2-3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 650 ft
Flow = 31.99 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 3.3

2460.29

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1

12

Section Description

Water Surface Elevation

Solids factor = 1
Velocity = 3.94 ft/s
Friction loss = 0.82 ft
Fitting loss = 0.79 ft
Total loss = 1.62 ft
AB3 Eff. Pipe2-0574
Pipe shape = Circular
Diameter = 42 in
Length = 100 ft
Flow = 15.999 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2460.5

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 2.57 ft/s
Friction loss = 0.06 ft
Fitting loss = 0.15 ft
Total loss = 0.22 ft
AB3 Eff. Pipe-0574
Pipe shape = Circular
Diameter = 48 in
Length = 250 ft
Flow = 15.999 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.2

2460.66

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.97 ft/s
Friction loss = 0.08 ft
Fitting loss = 0.07 ft
Total loss = 0.15 ft
AB Eff. Box-0578
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 5 ft
Channel width/diameter = 26.33 ft
Flow = 15.999 mgd
Downstream channel invert = 2448.75
Channel slope = 0 ft/ft

2460.66
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Section Description

Water Surface Elevation

Channel side slope = not applicable
Area of flow = 313.52 ft^2
Hydraulic radius = 6.252
Normal depth = infinite
Critical depth = 0.3 ft
Depth downstream = 11.91 ft
Bend loss = 0 ft
Depth upstream = 11.91 ft
Velocity = 0.08 ft/s
Flow profile = Horizontal
AB Eff. Weir-0580
Weir invert (top of weir) = 2461.1
Weir length = 50 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.999 mgd
Weir submergence = unsubmerged
Head over weir = 0.28 ft

2461.38

Aeration Basin Section 2-0590
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 53 ft
Flow = 15.999 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 1010.77 ft^2
Hydraulic radius = 11.09
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.02 ft/s
Flow profile = Horizontal
AB Orifice-0591
Opening type = rectangular orifice
Opening diameter/width = 240 in
Opening height = 276 in
Invert = 2437.41
Number of openings = 1
Flow through opening(s) = 15.999 mgd
Total area of opening(s) = 460 ft^2

2461.38

Velocity through opening(s) = 0.05 ft/s
Flow behavior = orifice, downstream control
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Section Description

Water Surface Elevation

Orifice loss = 0 ft
Downstream water level = 2461.38
Upstream water level = 2461.38
Aeration Section 1-0592
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 130 ft
Channel width/diameter = 23 ft
Flow = 15.999 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2461.38

Channel side slope = not applicable
Area of flow = 438.68 ft^2
Hydraulic radius = 7.174
Normal depth = infinite
Critical depth = 0.33 ft
Depth downstream = 19.07 ft
Bend loss = 0 ft
Depth upstream = 19.07 ft
Velocity = 0.06 ft/s
Flow profile = Horizontal
FAZ AB Weir-0594
Weir invert (top of weir) = 2461.67
Weir length = 20 ft
Weir height = 19.7 ft
Flow over weir = 15.999 mgd
Submergence = unsubmerged
Head over weir = 0.64 ft

2462.31

FAZ Basin-0600
Channel shape = Rectangular
Manning's 'n' = 0.03
Channel length = 50 ft
Channel width/diameter = 53 ft
Flow = 15.999 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.31

Channel side slope = not applicable
Area of flow = 1060.01 ft^2
Hydraulic radius = 11.398
Normal depth = infinite
Critical depth = 0.19 ft
Depth downstream = 20 ft
Bend loss = 0 ft
Depth upstream = 20 ft
Velocity = 0.02 ft/s
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Section Description

Water Surface Elevation

Flow profile = Horizontal
Selector Weir-0610
Weir invert (top of weir) = 2462.17
Weir length = 53 ft
Weir height = 20.1 ft
Flow over weir = 5.709 mgd
Submergence = submerged
Head over weir = 0.18 ft

2462.35

Selector Basin-0617
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 55 ft
Channel width/diameter = 53 ft
Flow = 5.709 mgd
Downstream channel invert = 2442.31
Channel slope = 0 ft/ft

2462.35

Channel side slope = not applicable
Area of flow = 1062.14 ft^2
Hydraulic radius = 11.411
Normal depth = infinite
Critical depth = 0.1 ft
Depth downstream = 20.04 ft
Bend loss = 0 ft
Depth upstream = 20.04 ft
Velocity = 0.01 ft/s
Flow profile = Horizontal
PEPS

2447.25
Constant elevation = 2447.25

PEPS Wet Well-015A
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 59.67 ft
Channel width/diameter = 7 ft
Flow = 32.5 mgd
Downstream channel invert = 2432
Channel slope = 0 ft/ft

2447.25

Channel side slope = not applicable
Area of flow = 106.75 ft^2
Hydraulic radius = 2.847
Normal depth = infinite
Critical depth = 1.17 ft
Depth downstream = 15.25 ft
Bend loss = 0 ft
Depth upstream = 15.25 ft
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Section Description

Water Surface Elevation

Velocity = 0.47 ft/s
Flow profile = Horizontal
Box 3 to PEPS-020
Pipe shape = Circular
Diameter = 42 in
Length = 160 ft
Flow = 23.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.1

2447.92

Pipe area = 9.62 ft²
Pipe hydraulic radius = 0.875
Age factor = 1
Solids factor = 1
Velocity = 3.74 ft/s
Friction loss = 0.22 ft
Fitting loss = 0.46 ft
Total loss = 0.67 ft
SC2 to Split Box Pipe-0695
Pipe shape = Circular
Diameter = 30 in
Length = 340 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2.7

2447.77

Pipe area = 4.91 ft²
Pipe hydraulic radius = 0.625
Age factor = 1
Solids factor = 1
Velocity = 2.36 ft/s
Friction loss = 0.28 ft
Fitting loss = 0.23 ft
Total loss = 0.52 ft
2nd Eff. Box-0710
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 4.4 ft
Channel width/diameter = 3.6 ft
Flow = 7.5 mgd
Downstream channel invert = 2457.35
Channel slope = 0 ft/ft

2458.13

Channel side slope = not applicable
Area of flow = 2.64 ft^2
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Water Surface Elevation

Hydraulic radius = 0.52
Normal depth = infinite
Critical depth = 0.69 ft
Depth downstream = 0.69 ft
Bend loss = 0 ft
Depth upstream = 0.78 ft
Velocity = 4.7 ft/s
Flow profile = Horizontal
SC2 Eff. Launder-0720
Launder invert = 2465.35
Launder length = 189 ft
Launder width = 2 ft
Launder slope = 0.0106 ft/ft
Flow through launder = 3.75 mgd
Critical depth = 0.64 ft
Downstream depth = 0.64 ft

2467.99

Upstream depth = 0.64 ft
SC2 Weir-0730
Invert of V notch = 2469.38
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 7.5 mgd
Weir submergence = unsubmerged
Head over weir = 0.13 ft

2469.51

TFEPS to SC2-735
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 11.25 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2469.6

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 1.38 ft/s
Friction loss = 0.05 ft
Fitting loss = 0.04 ft
Total loss = 0.09 ft
Filter Effluent PS-740
Constant elevation = 2448.02

2448.02

TFRPS-745

2450.32
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Section Description

Water Surface Elevation

Constant elevation = 2450.32
Box 3 to TF-750
Pipe shape = Circular
Diameter = 48 in
Length = 300 ft
Flow = 7.5 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 1.5

2450.36

Pipe area = 12.57 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 0.92 ft/s
Friction loss = 0.02 ft
Fitting loss = 0.02 ft
Total loss = 0.04 ft
SC/PEPS Split
User defined loss for flow split = 0 ft
Total flow through flow split = 23.25 mgd

2447.92

Box 3-040
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 8 ft
Channel width/diameter = 8 ft
Flow = 31.55 mgd
Downstream channel invert = 2446.02
Channel slope = 0 ft/ft

2447.93

Channel side slope = not applicable
Area of flow = 15.25 ft^2
Hydraulic radius = 1.291
Normal depth = infinite
Critical depth = 1.05 ft
Depth downstream = 1.9 ft
Bend loss = 0 ft
Depth upstream = 1.91 ft
Velocity = 3.21 ft/s
Flow profile = Horizontal
PC Collect to Box-3-050
Pipe shape = Circular
Diameter = 36 in
Length = 138 ft
Flow = 10.516 mgd
Friction method = Colebrook-White

2448.19
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Section Description

Water Surface Elevation

Friction factor = 0.005
Total fitting K value = 2.1

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.3 ft/s
Friction loss = 0.09 ft
Fitting loss = 0.17 ft
Total loss = 0.26 ft
Total loss = 0 ft
PC3 Collect Box-0160
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 3 ft
Channel width/diameter = 4 ft
Flow = 10.516 mgd
Downstream channel invert = 2450.12
Channel slope = 0 ft/ft

2451

Channel side slope = not applicable
Area of flow = 3.37 ft^2
Hydraulic radius = 0.592
Normal depth = infinite
Critical depth = 0.8 ft
Depth downstream = 0.8 ft
Bend loss = 0 ft
Depth upstream = 0.88 ft
Velocity = 5.08 ft/s
Flow profile = Horizontal
PC3 Eff Launder-0180
Launder invert = 2452.74
Launder length = 188.5 ft
Launder width = 3 ft
Launder slope = 0.0053 ft/ft
Flow through launder = 5.418 mgd
Critical depth = 0.62 ft
Downstream depth = 0.62 ft

2454.36

Upstream depth = 0.62 ft
PC3 Weir-0200
Invert of V notch = 2455.42
Angle of V notch = 90 degrees
Number of notches = 754
Total flow over weir = 10.516 mgd
Weir submergence = unsubmerged
Head over weir = 0.15 ft

2455.57
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Section Description
PC3 Inlet Feedwell-0205
Opening type = rectangular orifice
Opening diameter/width = 18 in
Opening height = 18 in
Invert = 2453.92
Number of openings = 6
Flow through opening(s) = 10.517 mgd
Total area of opening(s) = 13.5 ft^2

Water Surface Elevation
2455.63

Velocity through opening(s) = 1.21 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2455.57
Upstream water level = 2455.63
Conc. Pipe to PC3-0210
Pipe shape = Circular
Diameter = 36 in
Length = 160 ft
Flow = 10.516 mgd
Friction method = Colebrook-White
Friction factor = 0.005
Total fitting K value = 2

2455.89

Pipe area = 7.07 ft²
Pipe hydraulic radius = 0.75
Age factor = 1
Solids factor = 1
Velocity = 2.3 ft/s
Friction loss = 0.1 ft
Fitting loss = 0.16 ft
Total loss = 0.26 ft
HW Eff. Dist. Box Basin-0230
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 10.516 mgd
Downstream channel invert = 2451.52
Channel slope = 0 ft/ft

2455.89

Channel side slope = not applicable
Area of flow = 43.73 ft^2
Hydraulic radius = 2.333
Normal depth = infinite
Critical depth = 0.44 ft
Depth downstream = 4.37 ft
Bend loss = 0 ft
Depth upstream = 4.37 ft
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Section Description

Water Surface Elevation

Velocity = 0.37 ft/s
Flow profile = Horizontal
HW Eff. Dist. Weir-0240
Weir invert (top of weir) = 2459.06
Weir length = 20 ft
Weir 'C' coefficient = 3.33
Flow over weir = 10.516 mgd
Weir submergence = unsubmerged
Head over weir = 0.39 ft

2459.45

HW Eff. Dist. Launder-0250
Launder invert = 2457.34
Launder length = 10 ft
Launder width = 3 ft
Launder slope = 0 ft/ft
Flow through launder = 10.516 mgd
Critical depth = 0.97 ft
Downstream depth = 2.11 ft

2459.65

Upstream depth = 2.31 ft
HW Eff. Dist. Gate Opening-0260
Opening type = rectangular orifice
Opening diameter/width = 36 in
Opening height = 30 in
Invert = 2457.34
Number of openings = 1
Flow through opening(s) = 10.516 mgd
Total area of opening(s) = 7.5 ft^2

2459.84

Velocity through opening(s) = 2.17 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.19 ft
Downstream water level = 2459.65
Upstream water level = 2459.84
HW Dist. Basin-0300
Channel shape = Rectangular
Manning's 'n' = 0.013
Channel length = 10 ft
Channel width/diameter = 10 ft
Flow = 31.183 mgd
Downstream channel invert = 2454.94
Channel slope = 0 ft/ft

2459.84

Channel side slope = not applicable
Area of flow = 48.97 ft^2
Hydraulic radius = 2.474
Normal depth = infinite
Critical depth = 0.9 ft
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Water Surface Elevation

Depth downstream = 4.9 ft
Bend loss = 0 ft
Depth upstream = 4.9 ft
Velocity = 0.99 ft/s
Flow profile = Horizontal
Dist. Pipe to Dist. Basin-0310
Pipe shape = Rectangular
Height = 48 in
Width = 48 in
Length = 12 ft
Flow = 31 mgd
Friction method = Colebrook-White
Friction factor = 0.005

2459.86

Total fitting K value = 0
Pipe area = 16 ft²
Pipe hydraulic radius = 1
Age factor = 1
Solids factor = 1
Velocity = 3 ft/s
Friction loss = 0.02 ft
Fitting loss = 0 ft
Total loss = 0.02 ft
Grit. Eff. Channel-0330
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 25.66 ft
Channel width/diameter = 4 ft
Flow = 15.5 mgd
Downstream channel invert = 2458.52
Channel slope = 0 ft/ft

2459.94

Channel side slope = not applicable
Area of flow = 5.52 ft^2
Hydraulic radius = 0.816
Normal depth = infinite
Critical depth = 1.04 ft
Depth downstream = 1.34 ft
Bend loss = 0 ft
Depth upstream = 1.42 ft
Velocity = 4.48 ft/s
Flow profile = Horizontal
HW Grit Eff. Weir-0340
Weir invert (top of weir) = 2460.47
Weir length = 16 ft
Weir 'C' coefficient = 3.33
Flow over weir = 15.5 mgd

2461.06
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Water Surface Elevation

Weir submergence = unsubmerged
Head over weir = 0.59 ft
HW Grit Basin-0350
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 16 ft
Flow = 15.5 mgd
Downstream channel invert = 2459.18
Channel slope = 0 ft/ft

2461.06

Channel side slope = not applicable
Area of flow = 30.04 ft^2
Hydraulic radius = 1.521
Normal depth = infinite
Critical depth = 0.41 ft
Depth downstream = 1.88 ft
Bend loss = 0 ft
Depth upstream = 1.88 ft
Velocity = 0.8 ft/s
Flow profile = Horizontal
HW Grit Dist. Gate-0360
Opening type = rectangular orifice
Opening diameter/width = 24 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 5
Flow through opening(s) = 15.5 mgd
Total area of opening(s) = 40 ft^2

2461.07

Velocity through opening(s) = 0.6 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.01 ft
Downstream water level = 2461.06
Upstream water level = 2461.07
HW Ch. to Grit Chamber-0370
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 16 ft
Channel width/diameter = 4 ft
Flow = 10.333 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2461.09

Channel side slope = not applicable
Area of flow = 6.36 ft^2
Hydraulic radius = 0.885
Normal depth = infinite
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Water Surface Elevation

Critical depth = 0.79 ft
Depth downstream = 1.58 ft
Bend loss = 0 ft
Depth upstream = 1.6 ft
Velocity = 2.52 ft/s
Flow profile = Horizontal
HW Barscreen Eff. Gate-0390
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 48 in
Invert = 2459.49
Number of openings = 1
Flow through opening(s) = 10.333 mgd
Total area of opening(s) = 16 ft^2

2461.13

Velocity through opening(s) = 1 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.04 ft
Downstream water level = 2461.09
Upstream water level = 2461.13
HW Barscreen Eff. Channel-0400
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 12 ft
Channel width/diameter = 4 ft
Flow = 10.333 mgd
Downstream channel invert = 2459.49
Channel slope = 0 ft/ft

2461.13

Channel side slope = not applicable
Area of flow = 6.56 ft^2
Hydraulic radius = 0.901
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 1.64 ft
Bend loss = 0 ft
Depth upstream = 1.64 ft
Velocity = 2.44 ft/s
Flow profile = Horizontal
Mech. Barscreen-0410
Theory used = Bernoulli
Rack/screen invert = 2459.49
Rack/screen width = 4 ft
Flow through rack = 10.334 mgd
Bar width = 0.12 in
Bar spacing = 0.25 in
Downstream depth = 1.64 ft

2461.45
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Water Surface Elevation

Approach velocity = 2.04 ft/s
Rack/screen head loss = 0.32 ft
Barscreen Opening in Channel-0420
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 28.44 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10.333 mgd
Total area of opening(s) = 9.48 ft^2

2461.57

Velocity through opening(s) = 1.69 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.11 ft
Downstream water level = 2461.45
Upstream water level = 2461.57
HW Barscreen Inf. Channel-0430
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 21 ft
Channel width/diameter = 4 ft
Flow = 10.333 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

2461.57

Channel side slope = not applicable
Area of flow = 8.56 ft^2
Hydraulic radius = 1.034
Normal depth = infinite
Critical depth = 0.79 ft
Depth downstream = 2.14 ft
Bend loss = 0 ft
Depth upstream = 2.14 ft
Velocity = 1.87 ft/s
Flow profile = Horizontal
HW Inf. Gate to Barscreen Channel-0440
Opening type = rectangular orifice
Opening diameter/width = 48 in
Opening height = 38.4 in
Invert = 2459.43
Number of openings = 1
Flow through opening(s) = 10.334 mgd
Total area of opening(s) = 12.8 ft^2

2461.64

Velocity through opening(s) = 1.25 ft/s
Flow behavior = orifice, downstream control
Orifice loss = 0.06 ft
Downstream water level = 2461.57
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Water Surface Elevation

Upstream water level = 2461.64
HW Inf. Channel from Screw Pumps-0460
Channel shape = Rectangular
Manning's 'n' = 1.30000002682209E-02
Channel length = 11 ft
Channel width/diameter = 29 ft
Flow = 31 mgd
Downstream channel invert = 2459.43
Channel slope = 0 ft/ft

2461.64

Channel side slope = not applicable
Area of flow = 64.03 ft^2
Hydraulic radius = 1.916
Normal depth = infinite
Critical depth = 0.44 ft
Depth downstream = 2.21 ft
Bend loss = 0 ft
Depth upstream = 2.21 ft
Velocity = 0.75 ft/s
Flow profile = Horizontal
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