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On the inspection sheet for each Sampling Point: 
• Monitoring point field measurements recorded: 

Record readings to nearest whole number, except pH (record to nearest tenth).   
 

Parameter Method 
Flow Bucket & Stopwatch (where pipe discharge), weir, etc. 
pH HACH pH kit, pH meter, etc.  
Temperature Field thermometer, pH meter, etc.  
ORP (optional) ORP meter 
Total Alkalinity HACH Digital Titrator, etc.  
Iron HACH iron, etc.  
Dissolved oxygen (optional) HACH DO kit, DO meter, etc.  

 
• Sample bottle data:  If water samples are collected, assign and record bottle numbers on 

the inspection sheet.  You will need to transfer this information to the laboratory’s Record 
of Sample or Chain of Custody form. 

• Comments:  Observations such as sample color may be recorded under “Comments”. 
 
G.   Flow Measurements   
Three methods of measuring flow rate are described.  In 
general, the “Bucket-and-Stopwatch” Method will be the most 
commonly used for monitoring the passive treatment system. 
 
“Bucket-and-Stopwatch” Method 
Flow measurements from pipes can be made using the “bucket-
and-stopwatch” method.  This method consists of timing (in 
seconds) the filling of a bucket of known volume (preferably 
calibrated in gallons.  The flow rate in gallons per minute (gpm) 
can then be calculated utilizing the following formula:   

 
Rectangular Weirs 
Flow measurements can be made over any 
flat, level, rectangular surface or weir by using 
the Francis Formula below: 
 
Formula: 

  Q = 3.33(L - 0.2H)H1.5 

Source: http://www.constructionwork.com 
 
a = at least 3H 
 
(The LMNO Engineering website contains 
additional information, formulas, diagrams, and 
calculators for various weirs and flumes. 
http://www.lmnoeng.com/Weirs/vweir.htm ) 

Gallons Flow (gallons/minute) = ( Seconds ) X 60  

Q = flow of water in cu. ft. per sec. 
L = width of weir opening in ft.  

(4 to 8 times H) 
H = head of weir in ft.  

(measured at least 6 ft. back of weir 
opening) 

Where:   
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From cubic feet per sec (cfs), gpm can be calculated:  gpm = cfs X 448.83 gpm/cfs 
 
Ideally a staff gauge should be set several feet behind the weir in the pool.  Note, while 
commonly done, measuring the height of the water at the weir will typically produce a lower flow 
rate than the actual.   
 
To accurately determine flow rate, iron precipitates, leaves, and other debris collected in or 
behind the weir should be removed prior to making a measurement.  If significant sediment, 
metal precipitates and/or debris are removed, allow the flow to equilibrate before taking a final 
reading.  In addition, the weir must be kept as close to level as possible both horizontally and 
vertically for accurate flow measurements.  If water is going around or under the weir, repairs 
should be completed to correct the problem. 
 
V-Notch Weirs 
Flow measurements can be made using a V-Notch Weir. 
 
   
 
 
 
 
 
 
  

Source: http://www.lmnoeng.com/Weirs/vweir.htm 
 

Like the Rectangular Weir, height of water should be measured with a staff gauge placed 
several feet behind the v-notch in the pool; however, height of water in the V-Notch is often 
measured.  Q = 2.50H2.50 
 
Flow in cubic feet/second can then be calculated using the above formula where H is the height 
(in feet not inches) of water (head) at the weir.  As described in the previous section, gpm can 
then be calculated from cfs.   In addition, the following table and graphs were developed to very 
generally describe flow rate by using a direct read at a V-notch weir.  To convert inches into feet 
divide by 12. 
 

Measurement 
(ft) 

Flow 
(gpm) 

Measurement 
(ft) 

Flow 
(gpm) 

Measurement 
(ft) 

Flow 
(gpm) 

0.01 0.02 0.14 10.74 0.36 110.28 
0.02 0.09 0.16 14.93 0.38 126.01 
0.03 0.24 0.18 19.96 0.4 143.00 
0.04 0.49 0.20 25.88 0.5 247.93 
0.05 0.85 0.22 32.74 0.6 388.68 
0.06 1.33 0.24 40.57 0.7 568.43 
0.07 1.94 0.26 49.43 0.8 790.11 
0.08 2.70 0.28 59.34 0.9 1056.40 
0.09 3.61 0.30 70.35 1.0 1369.83 
0.10 4.68 0.32 82.48   
0.12 7.34 0.34 95.78   
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90-Degree V-Notch Weir Direct Read Flow  Measurements 
For Low Flow (0-50 Gallons Per Minute) Conditions
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90-Degree V-Notch Weir Direct Read Flow Measurements 
For High Flow (50-1400 Gallons Per Minute) Conditions
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Sludge Accumulation Assessment Report 
In addition to the periodic O&M Inspection Reports, it is recommended that a Sludge 
Accumulation Inspection Report be completed every two years.  The primary purpose of this 
inspection is to assess the type and amount of sludge accumulating within the passive treatment 
components. This can give an indication as to how the system is functioning and when action is 
needed to remove the sludge from the component.  A proposed schedule and a general Sludge 
Accumulation Assessment Report has been included that can be used for all sites. 
 
On the Sludge Accumulation Assessment Report, for each component provide: 

• Sludge description:  Note the color and depth (estimated) of the sludge.  Typically, white, 
red, and black colors indicate precipitate rich in aluminum, iron, and black, respectively.  
Has the sludge filled the component to within 1 foot of the emergency spillway?  

• Comments:  For example:  Is there significant organic debris in the sludge?  Is there 
evidence of wildlife utilizing the component?  Estimated depth of sludge? 

 
Wetland Plant Diversity Report 
Although not necessary to complete, a general Wetland Plant Diversity Report has been 
provided.  The primary purpose of this report is to assess the diversity of plant species within a 
constructed treatment wetland in order to determine if species diversity is increasing or 
decreasing.  Species diversity is believed to increase the health, productivity, and treatment 
capability of the wetland.  In addition, increased plant species diversity should result in an 
increase in wildlife diversity.  A secondary purpose is to identify if unwanted invasive plants have 
become established. These plants should be removed from the wetlands.  On the report provide 
the common name and/or scientific name for each plant, the plot number, the location of the 
plot, and the population within that plot. 
 

DRAINING 
 
As the Vertical Flow Ponds at the North Fork site have 
mixed treatment media regular flushing of the VFPs is 
NOT recommended.  Maintenance of the Vertical Flow 
Ponds may include occasional draining, as needed.  
The need to drain will be determined when the water 
level within the VFP begins to increase indicating that 
the permeability of the treatment media is becoming 
reduced (i.e., plugged) or in order to conduct 
maintenance.  Each VFP is divided into four cells by 
the underdrain piping system.  Each cell can be drained 
individually.  If desired, VFPs can be drained to within 
~½ -foot of the bottom.)  Valves should be monitored 
and maintained to allow for free flow of water during draining.  Valves should also be monitored 
to assure complete closure with no leakage.   Once the VFP has been drained, maintenance 
such as stirring of the treatment media can be conducted.    
 
Influent to the VFP to be drained should be shut off by adjusting the Pond 3 outlet risers (i.e., 
raising the influent pipe to the VFP to be taken off-line and/or lowering the influent pipe to the 
VFP to remain on-line).  The VFP should be dewatered by opening the drain valves and 
allowing the water level to drop to the bottom of the pond.  If iron sludge has accumulated on top 
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of the treatment media, it may be helpful to allow the material to dry in order to develop “cracks” 
to potentially increase hydraulic conductivity.   
 

DRAINING PROCEDURE 
Step # Description 

1 Shut off flow to VFP to be drained by adjusting Pond 3 outlet riser 
2 Remove valve box cover of VFP to be drained.   
3 Open valve(s) of pipe(s) to be drained and allow pond to drain. 
4 Slowly close valve of each pipe drained.   
5 Replace valve box cover. 
6 Place VFP on-line be readjusting Pond 3 outlet riser 

 
Backflushing 
In some cases it may be necessary or desired to conduct backflushing in order to more 
vigorously agitate the treatment medium or piping to remove more solids and dislodge pipe 
blockages.  Backflushing is sometimes conducted prior to a normal flushing event.  Backflushing 
can be conducted by attaching an air compressor or water pump onto a discharge pipe.  Care 
should be taken as to not exceed 15 psi to avoid damage to the piping systems. 
 

Miscellaneous Maintenance Considerations 
 
All materials used in repairs should be of equal or better quality and have the same capacity and 
function as shown on the “As-Built” plans.   
 
By-Passing Components for Conducting Maintenance 
At times, it may become necessary to by-pass components in order to conduct certain 
maintenance activities such as stirring the treatment media of the Vertical Flow Ponds or 
repairing a broken pipe.  Depending on the component this can be accomplished by several 
methods.  One method is to use a pump that will pump the water from one component to 
another or towards the stream if necessary.  It may also be possible to set up a siphon instead 
of a pump to accomplish the same effect.  In other instances, a valve can be opened to drain a 
component or divert the water to another location.   
 
Removal and disposal of accumulated precipitate or sediment   
Precipitates from chemical reactions and other solids will be retained within the settling ponds, 
wetlands, channels and other components.  This sludge should be removed when the volume of 
the component is reduced by one half.  Inlets and outlets should be kept clear of debris and 
obstructions.  Sludge removal is planned for every fifteen years or as desired.  In addition, 
opportunities may be available to utilize the sludge for metal recovery or the sludge may be 
allowed to drain/dewater for disposal.  (An Erosion and Sediment Pollution Control Plan should 
be completed for the placement area.)  
 
Vertical Flow Pond Stirring 
Over time, the treatment media in the Vertical Flow 
Ponds will most likely experience a decrease in 
permeability and/or treatment efficiency.  The loss in 
permeability and/or treatment efficiency may be due to 
the compaction and/or plugging of the treatment media.  
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The most obvious sign that the permeability of the treatment media is decreasing is an increase 
in the water level within the pond.  As permeability decreases the water level will rise.  This can 
be tracked over time by installing a water level measuring device such as a staff gauge.  Once 
the water level is near the emergency spillway or the top of the lowest portion of the berm, the 
media should be stirred.  This can be accomplished by first draining the pond (See Draining 
section) and allowing some time (about 1-2 weeks) for the media to dry out.  The media will 
most likely not completely dry.  Then the media can be stirred or mixed using an excavator or 
backhoe similar in concept to turning a compost pile.  This can even be accomplished with a 
tractor with a small backhoe attachment or small tracked excavator.  Only the organic material-
limestone mixture should be stirred.  The layer of limestone below the media should be left 
undisturbed in order to prevent damage to the underdrain pipes. If there is a significant 
accumulation of iron solids on top of the media, this material should be removed and placed on-
site or recovered for reuse, if feasible.  During stirring, care should be taken not to run power 
equipment on the “fluffed” media.  The VFPs should be stirred sequentially so that one pond is 
used to provide treatment while work is performed on the other VFP. While this is not a 
maintenance activity that is anticipated to be conducted frequently, it may or may not need to be 
conducted several times during the lifetime of the component. 
 
“Peri-Pipes” 
The VFPs and Pond 3 utilize a patented adjustable outlet riser 
called a “Peri-Pipe”.  The “Peri-Pipe” essentially consists of a 
slideable riser within a slightly larger riser that is held in place by a 
reducer (i.e., Fernco©).  The riser can be easily adjusted by first 
loosening the clamp around the smaller end of the reducer using a 
nut driver or screwdriver, then adjusting the pipe to the desired 
height.  Raising the pipe will decrease flow from the pipe while 
lowering the pipe will increase flow.  Once the pipe is at the desired 
height, the reducer can then be tightened.  On occasion, the 
inspector may find a “Peri-Pipe” that has been dislodged from the 
riser.  The “Peri-Pipe” should be reinstalled immediately.  Also from 
time to time, it may be necessary or desired to readjust the heights 
of the riser to accommodate changes in water quality and flow or to simply balance the flows in 
each pipe.   
 
Miscellaneous Piping 
Many passive treatment systems contain piping that is critical for 
optimal function.  Piping collects and conveys mine discharge.  All 
pipes including intakes, effluent pipes, and culverts will need to be 
cleaned when the capacity is reduced by ~25%.  Pipes can be 
cleaned by using handmade pipe clean-out tools, industrial snakes, 
and/or by flushing or backflushing.   
 
Baffle Curtains 
A baffle curtain has been installed within Pond 1 to help reduce 
short-circuiting and increase retention time.  During inspections the baffle curtain should be 
observed in order to make certain that it is intact, in the proper location/position, and functioning 
as designed. 
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Triggers to Initiate Maintenance Activities 
 
Several maintenance triggers have been developed to help assist the Montour Run Watershed 
Association identify when maintenance is needed and what maintenance activity should be 
conducted. 
 
Maintenance Action Item #1:  Final Effluent pH below 6 
The system is designed to discharge at a pH ≥6 from the final WL during normal flow conditions.  
Routine inspections will include measuring the pH of the WL effluent in the field using a 
colorimetric kit or a pH meter.  Effluent from the WL that has a pH <6 and when the flow rate is 
<110 gpm typically indicates that the VFP(s) are not functioning optimally.  The decrease in 
treatment by the VFPs could be caused by low hydraulic conductivity as discussed below, short-
circuiting of the treatment media, worse-than-designed-for influent water chemistry, exhausted 
treatment media, and/or other factors.   
 
Improving the final effluent pH should be attempted in a step-wise manner starting with low-cost 
alternatives performed by a single person using only hand tools and proceed to activities 
requiring power equipment.   
 
STEP ONE:  Dewater each VFP by draining one at a time while using the other to maintain at 
least partial treatment, as feasible.  After draining both VFPs, allow the flow through the system 
to reestablish and measure WL pH.  If draining is not sufficient to produce a ≥6 pH at the WL, 
proceed to the second step.   
 
STEP TWO:  Reconfigure the flow path so that the VFPs may function in series, as detailed 
below.  If flow reconfiguration does not restore the WL effluent to a 6 pH, proceed to the third 
step.   
 
 The VFPs can be set to function in series to accommodate severe “worsening” of the 
influent drainage chemistry.  Set the Pond 3 adjustable risers so that all flow enters VFPW.  
Open the cross-pipe (located within the spillway between VFPW to Wetland) to direct the flow 
into VFPE and construct a small check dam by hand-stacking rip-rap and dirt in the channel 
immediately below the cross-pipe to help insure that the effluent from VFPW is conveyed to 
VFPE. The VFPE outlet risers may need to be lowered to help prevent the water from backing 
up into the cross-pipe.  VFPs operating in series provide a two-stage acid neutralizing step.      
 
STEP THREE:  Stir the treatment media in the VFPs.  [The North Fork passive treatment 
system VFPs have been designed (with upgrades) based on the VFP installed in 1997 at the 
Jennings Environmental Education Center, Slippery Rock Creek Watershed, Butler County, PA.  
Since installation, the Jennings VFP effluent has always been net alkaline, indicating successful 
treatment.  To improve permeability, the Jennings VFP has been stirred twice to date.]   
 
FINAL STEP:  If stirring does not restore the desired pH, then the treatment media may need to 
be enhanced, increased, or replaced and/or the system may need to be otherwise evaluated 
and upgraded.  Changing treatment media or upgrading the system should be completed with 
the assistance of someone familiar with current passive treatment technology. 
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Maintenance Action Item #2:  Vertical Flow Pond Hydraulic Conductivity 
If water is flowing in the emergency spillway of either VFP on a regular basis, this indicates that 
the actual flow rate is greater than the design flow rate, piping has plugged, and/or the hydraulic 
conductivity (permeability) of the treatment media has decreased.  If the overall influent flow rate 
is typically significantly >110 gpm, the system should be checked on a regular basis (i.e. 
weekly) to insure that the higher-than-normal flow rate does not damage the spillways or 
embankments until returning to “normal” (<110 gpm).  If the flow rate is <110 gpm and water is 
discharging through the emergency spillway, efforts to restore adequate flow through the 
treatment media or piping of the VFP(s) will need to be conducted by first draining the VFP(s) 
and if necessary, stirring the VFP(s).  A loss in hydraulic conductivity may be caused by an 
accumulation of iron solids on top of the treatment media.  Draining the VFPs an allowing the 
iron sludge to dry will encourage the formation of “cracks” that may be sufficient to restore 
hydraulic conductivity.  If draining and drying does not work, the sludge may need to be 
removed prior to stirring the treatment media.  See Flow measurement, VFP draining, and VFP 
stirring  sections for additional information. 
 
Maintenance Action Item #3:  Sludge Accumulation 
If sludge has accumulated in Ponds 1, 2, 3, or the WL to a point where solids are (or about to 
be) carried out of the spillway during normal flow conditions, the component(s) should be 
cleaned.  Several companies are currently developing markets for materials recovered from 
mine drainage treatment systems.  One or more of these companies should be contacted to 
evaluate the potentially valuable commodities accumulating in the North Fork system.  If the 
material is determined not to be economically viable for recovery, then on-site placement is 
recommended.  The material can be removed from the ponds and/or wetland and placed on-site 
as feasible.  There are a variety of mechanical means available including sludge pumping 
and/or excavation.  There are commercial companies specializing in these types of services.   
 

Replacement 
 
All passive treatment systems are unique.  The sludge storage capacity for passive components 
varies from component to component and over time with variable discharge characteristics.  
Design capacity is based upon available water quality monitoring data and published 
references.  Higher flow rates and poorer water quality can substantially affect the design life.  
When the storage capacity of the system is diminished by approximately one half, the sludge 
should be removed.  Prior to removal, the system and water quality should be evaluated to 
determine if reconstruction is necessary. Advances in technology and changes in raw drainage 
quality and quantity should be considered to determine if revisions to the size and/or design of 
the system is advantageous.   
 
Replacement considerations include:  
 

- Estimating Best Management Practice (BMP) design life;  
- Determining replacement responsibility, including a successor, as necessary;  
- Determining approximate costs for the following possible needs:  

o removing accumulated sediments;  
o replacing defective valves, water control structures, etc.;  
o re-sizing the system to accommodate changed water quality or quantity; 
o recharging organic matter in wetlands; and 
o replanting wetlands. 
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Datashed 
 
Datashed, www.datashed.org, is a fully-featured, GIS-enabled, internet database designed to 
assist watershed groups, academic institutions, private industry, and government agencies. 
Powered by open source software, this database provides a cost-effective and reliable solution 
to the management of data associated with environmental efforts.  GIS capability allows users to 
easily view geographic data and directs users to additional content.  Anyone with internet 
access can view the site and download information.  This allows the website to function not only 
as a data management tool but also as part of the education/outreach effort associated with the 
project.  Datashed was developed by Stream Restoration Incorporated, 241 Computer Services, 
and WPCAMR using the PHP programming language and open source software such as 
APACHE HTTP Server, MySQL database, and Map Server.  
 
Datashed could be easily incorporated as a component of the O&M Plan.  On Datashed, each 
restoration project has its own page within the website where users can not only view data but 
also download and print information needed to conduct O&M inspections such as site inspection 
sheets, site schematics, topographic maps, aerial photos, etc.  In addition, those who conduct 
the inspections will be given passwords to allow direct online upload of collected field and 
laboratory data from the inspection.    
 To view, download forms, or upload data onto the site use the following directions below: 
 

Viewing, Downloading, and Uploading Data to Datashed 
 

1. Go to Datashed (www.datashed.org).  To view data or download forms go to step 2.  To 
upload data such as completing the online O&M form, you will need to first login using 
your assigned email address and password.  If you do not have a password, contact 
Stream Restoration Incorporated. 

2. Select the “Projects” tab.   
3. A Project Search Query should appear.  This feature allows the user to search for 

projects based on a variety of selections criterion.  Once the criteria has been selected, 
click on the “List Projects” button 

4. A list of available projects matching the criteria with short descriptions should appear. 
5. Select the project that you wish to view, download forms, or  upload data.  The “Project 

Details” report page will automatically open. 
6. Select:  

• “Maps and Directions” to get directions to the site 
• “Downloads” to obtain O&M forms, site schematics, location map, “as-builts”, etc 
• “View Data” to view O&M submissions, graphs, reports, and data 
•  “View Pictures” for project photos  
• “Partners” to view a list of partners involved in the project 
• “Submit Data” to access and upload data via the on-line O&M form 

7. Enter the data from the O&M field inspection sheet.  When finished, click submit button. 
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SITE INSPECTION  & SLUDGE ACCUMULATION ASSESMENT SCHEDULE 
 
Year: _______ 
 

-Not conducted 
 

Year January-
March 

April- 
June 

July –  
September 

October - 
December 

Sludge 
Accumulation

2009      
2010      
2011      
2012      
2013      
2014      
2015      
2016      
2017      
2018      
2019      
2020      
2021      
2022      
2023      
2024      
2025      
2026      
2027      
2028      
2029      
2030      
2031      
2032      
2033      
2034      
    

 


