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1.  Introduction 
  
1.1 Basis for Monitoring Plan 
 
Ada County Highway District (ACHD) is installing a Green Stormwater Infrastructure (GSI) 
pilot project which involves the installation of permeable paver systems in two alleys located in 
downtown Boise, Idaho.  
 
Alley 1 – located between Idaho St. and Main St., between 3rd St. and 4th St. 
Alley 2 – located between Idaho St. and Main St., between 13th St. and 14th St. 
 
This monitoring plan is designed to assess the effectiveness of permeable pavers as a GSI 
practice for alley retrofit projects. GSI practices have been developed to reduce onsite runoff 
from reaching the stormwater conveyance system and thereby reduce pollutant loads associated 
with runoff. The goal of GSI projects are to closely mimic a site’s predevelopment hydrology by 
using techniques which infiltrate, filter, store or detain stormwater rather than convey it offsite to 
receiving water bodies, such as the Boise River. Permeable pavers are concrete block paver 
systems which allow stormwater to infiltrate into a gravel base. The gravel base creates a 
‘reservoir’ in the void spaces to store stormwater and allow it to infiltrate into pervious soils 
below.  
 
The National Pollutant Discharge Elimination System (NPDES) Phase I Permit No. IDS-027561 
(Permit) was issued effective February 1, 2013, to Ada County Highway District (ACHD), Boise 
State University, City of Boise, City of Garden City, Drainage District #3, and the Idaho 
Transportation Department District #3, referred to as the “Permittees”. The Permit requires that 
the Permittees identify and construct three Low Impact Development (LID) or Green Stormwater 
Infrastructure (GSI) pilot projects. The Permit outlines the following requirements for the 
performance evaluation of GSI techniques (II.B.2.C.ii): 
  
 The Permittees must monitor, calculate or model changes in runoff quantities for each 
pilot project site in the following manner: 
 

1. For retrofit projects, calculate changes in runoff quantities as a percentage of 100% 
pervious surface before and after implementation of the LID practice;  

2. Measure the runoff flow rate and prepare runoff hydrographs to characterize peak 
runoff rates and volumes, discharge rates and volumes, and duration of discharge 
volumes; 
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3. Quantification and description of each type of land cover contributing to surface 
runoff for each pilot project, including area, slope, vegetation type and condition for 
pervious surfaces, and the nature of impervious surfaces; 

4. Use runoff values to evaluate the overall effectiveness of various technique(s) or 
practice(s) that address appropriate use, design, type, size, soil type and operation 
and maintenance practices. 

 
Permit section II.B.2.C can be found in Appendix A. 
 
In addition to the Permit requirements, this monitoring plan is based on level of service goals and 
outcome levels identified in the Program Monitoring and Evaluation Plan (PMEP, 2013). The 
PMEP provides guidance to tie together all monitoring requirements under the Permit (i.e. 
stormwater outfall monitoring, dry weather monitoring, structural control monitoring, and GSI 
monitoring).   
 
This plan focuses on monitoring the performance of the permeable paver systems installed at the 
two identified alley locations in downtown Boise.  The alley permeable paver project is 
considered one of the three required GSI pilot projects.   
 
Precipitation volume and onsite conditions will be monitored at least until the project’s final 
evaluation, due the 5th year of the Permit (December 2018).  The performance monitoring 
approach described in this plan will provide the required information to complete the overall 
evaluation of this GSI technique.  If the evaluation results are positive then an incentive strategy 
will be developed to encourage the increased use of permeable pavers as a GSI technique in both 
private and public sector development projects throughout the Permit area.   
  
1.2 Plan Objectives 
 
The paver systems will be monitored to (1) determine the effectiveness of the systems in 
reducing runoff and thereby reducing pollutants discharging off site, (2) to evaluate performance 
relative to design parameters and (3) to understand the maintenance requirements of these 
systems.  
    
The PMEP provides guidance for the evaluation and assessment of GSI projects and designates 
that flow reduction can be viewed as a surrogate for pollutant load reduction due to the 
difficulties of directly monitoring pollutants in these systems (PMEP 4.4.2).  The objectives of 
this plan are generally focused on understanding the hydrology of the sites before and after the 
installation of the permeable pavers.  The monitoring objectives focus on quantifying the 
reductions in flow resulting from the paver systems.  The information collected under this plan 
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will assist in determining if this project meets the Outcome Levels and ultimately the Level of 
Service priorities outlined in the PMEP for this GSI solution.        
 
This plan is designed to direct data collection efforts to assist in meeting the Permit requirements 
and in addressing the PMEP assessment and evaluation guidance.  The Permeable Paver 
Monitoring Plan (PPMP) outlines specific modelling, data collection and analysis to meet the 
following plan objectives: 
 

1. Estimate changes in runoff quantities and flow rates  
2. Develop site hydrographs  
3. Compare pre and post-construction site hydrological conditions  
4. Assess performance and  maintenance effectiveness  
5. Collect physical data to validate modelled results and observational data   

   
1.3 Organization 
 
The Permit requirement for evaluation and assessment of (3) GSI pilot projects is a joint 
Permittee responsibility.  ACHD is the lead agency for monitoring activities under the Permit.  
ACHD stormwater staff will be responsible for data collection, management and reporting as 
specified in this plan.   
   

2. Project Details 
Two alleyways in the downtown Boise, Idaho were reconstructed using permeable pavers.  Both 
of the alleys were experiencing deterioration due to drainage problems and deferred 
maintenance.  The reconstruction involved installing a permeable paver system with a shallow 
gravel filled reservoir as a base to capture and infiltrate stormwater during storm events.   
 
2.1 Permeable Paver Drainage System Description 
 
The installation of the permeable pavers involved removal of any existing paving and sub base, 
re-grading the site, installation of concrete surfaces surrounding the paver system, installation of 
the permeable pavers, installation of asphalt paving to tie into existing asphalt, and installation of 
observation wells.  The permeable paver drainage system consists of a 6 foot 8 inch wide strip of 
permeable pavers located in the middle of each alleyway extending the entire length of the alley. 
The pavers have a 1.5 foot crushed rock retention bed.  The retention bed allows stormwater 
runoff to infiltrate into the existing underlying soils. Terracon tested the underlying soils and 
found they infiltrate approximately 0.5 inches per hour. Any runoff that exceeds the infiltration 
rate and reservoir capacity of this system will sheet flow to the existing storm water conveyance 
system.  Run-off from both of the alleys currently discharges to the Boise River.    
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The drainage system has been sized to store the 80th percentile storm event which is equal to a 1 
hour event producing 0.34 in.   The sizing was based on ensuring that the “first flush” of 
stormwater under most storm conditions would be retained on site.  Water draining into the 
alleys includes direct rainfall and runoff from adjacent parking lots and roof drains, as explained 
in the Site Description section below. The GSI evaluation will be considering the appropriateness 
of the design sizing based on the hydrologic performance data collected according to this 
monitoring plan.  
 
Appendix B includes the project plan set including the demolition plans, site plans and grading 
plans.   
 
2.2 Site Descriptions  
 
The following site descriptions and associated maps provide the required information outlined in 
Permit Section II.B.2.c.ii,  including land cover, area, slope, pervious area description and 
impervious area descriptions, as well as geotechnical study results.  Photographs of the project 
sites before and after construction, as well as detailed maps of the project location are included in 
Appendix C.   A drainage and geotechnical report completed by The Land Group, Inc. and 
Terracon is included in Appendix D.    
  
Alley 1 – located between Idaho St. and Main St., between 3rd St. and 4th St., Boise, Idaho 
 Land cover:  asphalt road surface, roof tops, concrete, gravel and permeable pavers 
 Total drainage area: 23,433 sq. ft.  
  Rooftop drainage area:   10,897 sq. ft. 
  Alley/Parking Lot drainage area:  12,286 sq. ft. 
 Permeable Paver area:  2,001 sq. ft. 
 Area description:  89% impervious 

Slope:  The soil subgrade slope is generally level; the final paver design involves 
north/south slopes ranging from 1% to 4% directing flows to the center of the alley where 
the pavers are  located; the centerline grading plan specified slopes from the center of the 
alley to the west ranging from 0.01% to 7.5% and slopes from the center to the east range 
from 0.2% to 3.75% directing excess flows out of the system to both 3rd Street and 4th 
Street.    

 Underlying soils:  medium colored, silty sand with a trace of gravel 
 Percolation rate of underlying soil: 0.5 inches per hour   
    
Alley 2 – located between Idaho St. and Main St., between 13th St. and 14th St., Boise, Idaho 
 Land cover: gravel road surface, roof tops 
 Total drainage area:  40,148 sq. ft. 
  Rooftop drainage area:    34,579 sq. ft. 
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  Alley/Parking Lot drainage area:  5,569 sq. ft. 
 Permeable Paver area:  2,001 sq. ft. 
 Area description:  95.5% impervious 

Slope: The soil subgrade slope is generally level on the eastern half of the alley and 
slopes to the south on the western half; the final paver design involves slopes on the 
western half of the alley sloping southward between 2% and 4% directing flow to the 
south side of the paver system, for the eastern half slopes range from 1% to 5% directing 
flows to the center of the alley; the centerline grading plan calls for slopes ranging from 
0.07% to 4.5% directing flows primarily to the west (14th Street).   

 Underlying soils:  medium colored, poorly graded, silty sand   
 Percolation rate of underlying soil:  0.5 inches per hour 
 
2.3 Site Selection 
 
The site selection process involved collaboration with Boise City Public Works, Boise City 
Downtown Business Association and Boise City Planning and Development Services, as well as 
ACHD Maintenance and Stormwater personnel.  A prioritized list of alleys needing repairs was 
developed by Boise City which was reviewed by ACHD.  There were various considerations in 
determining which alleys to focus on for the pilot project including parking, trash/oil pick-up, 
dumpster types, presence of utilities and pedestrian usage.  The two alleys chosen were in need 
of repair and the least amount of inconvenience was anticipated and during the construction 
phase.  Some unforeseen utility complications arose in both alleys and how they impact the 
design of paver performance will be discussed in the evaluation. 
 
In accordance with guidance provide provided in the PMEP, Alley 2 was one of the preferred 
locations because it is within the Americana subwatershed.  This subwatershed is one of the five 
subwatersheds that are part of the stormwater monitoring efforts outlined in Section IV of the 
Permit.  This area is also one of the two subwatershed planning areas where plans are being 
developed in compliance with Section II.A.4 of the Permit.  The information gained from 
monitoring this project will help to inform the pollution reduction strategies being developed for 
stormwater monitoring and subwatershed planning.   
 

3.  Monitoring and Data Collection  
Data collection will involve compiling information from three sources: hydrological modeling, 
on-site observations, and physical data collection.  Modelled results will be assessed against 
observations and actual physical site data as this information is collected over time.  The data 
collected will be used for the overall evaluation of using permeable pavers as a GSI practice, to 
refine design specifications for future permeable paver projects and to assist in developing 
appropriate incentive strategies for promoting green infrastructure.     
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3.1 Hydrologic Modelling 
Since inflow measurement is inherently difficult in urban environments because GSI designs 
seek to disperse flow rather than concentrate it, modeling flows is an acceptable alternative to 
measuring inflow to the GSI.  At the permeable paver sites, the drainage areas are nearly 100% 
impervious. The hydrological modeling will involve running various storm scenarios using the 
Oregon State Porous Pavement Hydrologic Calculator, which will allow us to characterize the 
hydrologic characteristics of the sites. This calculator will calculate runoff quantities, runoff flow 
rates and allow for the development of hydrographs characterizing the hydrologic performance 
of the sites before and after the implementation of the GSI project.   
 
The Oregon State University (OSU) Porous Pavement Hydrologic Calculator (OSU Calculator) 
uses the rational method to calculate peak flows. According to Oregon State University 
Stormwater Assessment and Management, “Generally, the rational method isn’t recommended 
for volume sensitive calculations” (2014). However, since the Urban Hydrology for Small 
Watersheds TR-55 model isn’t able to accurately calculate storms under 1 inch or small areas, 
the OSU Calculator is the best option to model the alley sites at this time. The OSU Calculator 
applies the rational method in 10 minute increments and uses the Santa Barbara Urban 
Hydrograph (SBUH) Type 1A rainfall distribution, which synthetically distributes 24-hour 
rainfall on a curve. The Type II rainfall distribution is typically used for the Boise area. The 
Type IA distribution has a longer duration of rainfall intensity whereas the Type II distribution 
has shorter duration but higher intensity rainfall. However, after running the model with several 
different sized storm events, the model appears to replicate rainfall intensity accurately for our 
area, compared to rainfall intensities measured at the nearest ACHD rain gauge, located on Front 
St. near 17th St.   
 
The OSU Calculator was chosen because it is able to produce the data required by the permit, is 
applicable on a site-scale for small storm events and allows for pre and post development 
comparisons.  Results from various rainfall scenarios will be analyzed to obtain an understanding 
of the expected hydrological performance of this system under various conditions.  
 

3.2 On-site Observations 
 
On-site observations will be made by ACHD stormwater staff to maintain a visual record of site 
conditions and to provide comparisons with the modelled results.  Observations will occur prior 
to construction, during construction and post-construction. The types of observations will vary 
depending upon the differing activities occurring at the sites during the different project phases. 
Photo-documentation will occur during all phases providing visual records over time of the site 
conditions.  The level and frequency of photo-documentation may be adjusted as data is gathered 
and comparisons with modelled results are made.   
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Stormwater staff will conduct field observations and photo documentation at pre-set locations in 
each alley during and after rain events greater than 0.20 inches to record pre-construction, 
construction and post- construction conditions. The locations where observations will be taken 
are shown on the observation forms in Appendix E. The frequency of observation will depend 
upon when the rain event occurs (i.e. timing of storm or staff constraints due to other monitoring 
projects during storm events).  To the extent possible, observations will occur as soon as 
practicable after a rain event of 0.20 inches occurs and follow-up field observations will be 
conducted at 6 to 12 hour intervals for up to 2 days post storm. Based on results from the OSU 
calculator, ponding is not expected to occur with events producing as little as 0.20 inches, 
however, as a conservative estimate, observations will be conducted until it can be visually 
verified that no ponding or runoff occur during such events. The observation schedule and storm 
conditions requiring observation may be adapted as data is collected.   
 
Data collection sheets have been developed for each phase of the project.  An Alley Observation 
Form, Form GSI-1 (Appendix E) will be completed during each visit to standardize the 
documentation of the site conditions.  All observation forms will be scanned, saved and stored at 
ACHD.  A table summarizing each field visit will be maintained by ACHD staff. (Appendix F).  
The observation form may be revised to include new information depending upon the phase of 
the project (i.e. pre-construction phase, construction phase, post-construction phase).    
 
Pre-construction phase observations will include the presence of ponding water, run-off to the 
storm drain system, contaminants (e.g. sediment, oil sheen), flow from roof drain and any other 
notable occurrences.  All observations will be recorded on Form GSI-1.   
 
During the construction phase of the project all of the observations noted during the pre-
construction phase will be recorded, as well as taking notes on subsurface conditions, 
construction installation, protection of infiltration surface and construction materials, tracking 
and run-on, and utility conflicts. All observations will be recorded on Form GSI-1. 
 
Post-construction phase observations will include all of the observations noted during pre-
construction phase, as well as the presence of any damaged or cracked pavers, overall condition 
of site, monitoring well levels, performance following snow events, and evidence of maintenance 
activities.   
 
3.3 Physical Data 
 
Physical data will include precipitation measurements in the general vicinity of the project, water 
level measurements in the observation wells and periodic measurement of infiltration rates 
compared to pre-construction infiltration rates.  Physical data will be compared to observational 
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data and modelled results. All collected data will be used to evaluate the maintenance 
requirements of the systems.   
 
Precipitation data will be collected from the National Weather Service (NWS) Boise airport 
station website at http://www.nws.noaa.gov/climate/index.php?wfo=boi and from the ACHD 
rain gauge installed at Front St. and 17th St, Boise, Idaho. The ACHD rain gauge utilizes primary 
and backup HOBO data loggers that record events from a tipping-bucket style rain gauge that 
measures tips in 1/100” increments.  The Front rain gauge is approximately 1,800 feet from 
Alley 2 and 5,425 feet from Alley 1.The rain gauge at Front St. will be downloaded periodically 
in accordance with Stormwater SOP 211a.  Rain gauge data will be exported to an Excel 
spreadsheet where it will be compared with NWS data. Rain data will be analyzed over time to 
ensure that the rainfall distribution assumptions used in the OSU Calculator model are 
reasonable.   
 
Water levels in the observation wells will be observed and measured post storms, during on-site 
observations.  The data will be entered into an Excel spreadsheet and charts will be developed to 
analyze how long water resides in the system in comparison to the size of the rain event.  This 
information will be used to compare the actual performance of the paver system to the modelled 
performance.   
     
 The standard test method for surface infiltration rate of permeable unit pavement systems 
(ASTM C1781/C1781M-13, 2013) will be used to measure post-construction infiltration rates if 
the paver system is not performing as expected, based on results from the OSU calculator. The 
measured infiltration rate will be compared to the infiltration rate measured at the time the pavers 
were installed to assess the performance of the system over time.  The procedure for the 
Infiltrometer Test is outlined in Appendix G.   
 

4. Quality Assurance/Quality Control 
 All data collected as part of this project will be reviewed by the Stormwater Program 
Coordinator for accuracy and completeness. The Quality Assurance Program Plan (QAPP) 
guides all monitoring activities required by the Permit, including this monitoring plan. The 
QAPP outlines the data quality objective (DQO) that has been developed for all monitoring 
plans. Section 1.8 of the QAPP summarizes the DQO for ACHD stormwater monitoring:  

“Monitoring efforts will provide data of sufficient quality and quantity in accordance 
with permit requirements to accurately estimate pollutant concentrations and loading trends, 
evaluate effectiveness of permanent stormwater controls and GSI/LID projects, and support 
watershed and land use management initiatives.” 
 
The QAPP also describes data quality indicators (DQIs) which set measurable quantitative and 
qualitative goals for acceptable data to achieve the DQO described above. The following is an 
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outline of the DQIs described in Section 8 of the QAPP:  Project Required Detection Limits, 
Accuracy, Precision, Bias, Representativeness, Comparability, Completeness and Sufficiency. 
Modelling results will be compared to other simple models to ensure the DQIs are also followed.  

 
5. Data management and reporting 
All data collected as part of this plan will be stored in electronic format for secure storage and 
timely and accurate retrieval. The data, located on the S: drive in folder  STORMWATER>Phase 
1 Monitoring>LID Monitoring will be housed on an ACHD server which is backed-up nightly .   
 
5.1 Data Collection Schedule 
 
Data collection efforts began in February 2014 with the completion of the first Observation 
Forms for a storm event occurring on February 12, 2014.  A summary of the data collected and a 
short project status will be included as an appendix in each annual report.  Data will be collected 
at least through the completion of the final pilot project evaluation report due with the 5th Year 
Annual Report (December 2018).  Depending upon the results of the evaluation report, 
additional data may be collected.   
 
5.1.1 Hydrologic Model Data 
Hydrologic modelling data will be collected on an on-going basis with model inputs being 
refined as more information is collected on actual site conditions.  Each of the sites will be 
modelled using the following scenarios: 

• pre-construction (existing) conditions 
• post-construction conditions  
• pre-development conditions (100% pervious) 

 
The following outputs will be compared: 

• runoff quantities  
• runoff flow rates  
• site hydrographs 

 
Initial model results will be included in the 2nd Year Annual Report.  Depending on actual 
observations of the permeable paver systems, these results may be updated in subsequent annual 
reports.  Final model results will be included in the final pilot project evaluation.     
 
5.1.2 Observational Data  
As observational data is collected the results will be included in each annual report. This data 
will include all completed Observation Forms and the summary data table.   All observational 
data will be included as part of the final pilot project evaluation.   
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5.1.3 Physical Data 
Rainfall data, monitoring well level data and infiltration test data will be included in a summary 
table in each annual report.  An analysis of this data will be included in the final pilot project 
evaluation. 
  
 
5.2 Evaluation 
 The monitoring data gained from the PPMP will be used in the effectiveness evaluation required 
in the Permit in sections II.B.2.c.ii and IV.A.10, which are included in Appendix A. The 
evaluation will be guided by the PMEP and discuss Outcome Levels 4 and 5: Reducing Loads 
from Sources and Improving Runoff Quality, as described in the PMEP.  
 
The evaluation will discuss several objectives of the GSI pilot projects including; how the 
monitoring data will be used to evaluate the effectiveness of the GSI, how pollutant load 
reductions will be estimated from runoff reductions, cost-benefit analysis, short-term versus 
long-term performance, maintenance considerations, design sizing, construction logistics, future 
recommendations, and the development of a GSI incentive strategy (Permit Section II.B.2.c).  
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Appendix A 

Excerpts from Permit and PMEP 
 

Boise/Garden City Area MS4, Permit No.: IDS-027561 
Excerpt:  Section II.B.2.c 
  
c) Green Infrastructure/Low Impact Development (LID) Incentive Strategy and Pilot Projects. No 
later than September 30, 2015, the Permittees must develop a strategy to provide incentives for the increased 
use of LID techniques in private and public sector development projects within each Permittee’s 
jurisdiction. Permittees must comply with applicable State and local public notice requirements when 
developing this Strategy. Pursuant to Part IV.A.2.a, the Strategy must reference methods of evaluating at 
least three (3) Green Infrastructure/LID pilot projects as described below. Permittees must implement the 
Green Infrastructure/LID Incentive Strategy, and complete an effectiveness evaluation of at least three pilot 
projects, prior to the expiration date of this Permit.  

(i) As part of the 3rd Year Annual Report, the Permittees must submit the written Green Infrastructure /LID 
Incentive Strategy; the Strategy must include a description of at least three selected pilot projects, and a 
narrative report on the progress to evaluate the effectiveness of each selected LID technique or practice 
included in the pilot project. Each pilot project must include an evaluation of the effectiveness of LID 
technique(s) or practice(s) used for on-site control of water quality and/or quantity. Each Pilot Project must 
involve at least one or more of the following characteristics:  

-The project manages runoff from at least 3,000 square feet of impervious surface;  

-The project involves transportation related location(s) (including parking lots);  

-The drainage area of the project is greater than five acres in size; and/or  

-The project involves mitigation of existing storm water discharges to one or more of the water bodies 
listed in Table II.C.  

(ii) Consistent with Part IV.A.10, the Permittees must evaluate the performance of LID technique(s) or 
practice(s) in each pilot project, and include a progress report on overall strategy implementation in the 4

th 

Annual Report. Final pilot project evaluations must be submitted in the 5
th 

Year Annual Report. The 
Permittees must monitor, calculate or model changes in runoff quantities for each of the pilot project sites 
in the following manner:  

• For retrofit projects, changes in runoff quantities shall be calculated as a percentage of 100% 
pervious surface before and after implementation of the LID technique(s) or practice(s).  

• For new construction projects, changes in runoff quantities shall be calculated for development 
scenarios both with LID technique(s) or practice(s) and without LID technique(s) or practice(s).  

 
• The Permittees must measure runoff flow rate and subsequently prepare runoff hydrographs to 

characterize peak runoff rates and volumes, discharge rates and volumes, and duration of discharge 
volumes. The evaluation must include quantification and description of each type of land cover 
contributing to surface runoff for each pilot project, including area, slope, vegetation type and 
condition for pervious surfaces, and the nature of impervious surfaces.  
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• The Permittees must use these runoff values to evaluate the overall effectiveness of various LID 
technique(s) or practice(s) and to develop recommendations for future adoption of LID technique(s) 
or practice(s) that address appropriate use, design, type, size, soil type and operation and 
maintenance practices.  

 
(iii) Riparian Zone Management and Outfall Disconnection. No later than September 30, 2015, the 
Permittees must identify and prioritize riparian areas appropriate for Permittee acquisition and protection. 
Prior to the expiration date of this Permit, the Permittees must undertake and complete at least one project 
designed to reduce the flow of untreated urban storm water discharging through the MS4 system through the 
use of vegetated swales, storm water treatment wetlands and/or other appropriate techniques. The Permittees 
must submit the list of prioritized riparian protection areas, and a status report on the planning and 
implementation of the outfall disconnection project, as part of the 3rd Year Annual Report. Documentation 
of the completed outfall disconnection project must be included in the 5

th 
Year Annual Report.  

 

(iv) Repair of Public Streets, Roads and Parking Lots. When public streets, roads or parking lots are 
repaired (as defined in Part VII), the Permittees performing these repairs must evaluate the feasibility of 
incorporating runoff reduction techniques into the repair by using canopy interception, bioretention, soil 
amendments, evaporation, rainfall harvesting, engineered infiltration, rain gardens, infiltration trenches, 
extended filtration and/or evapotranspiration and/or any combination of the aforementioned practices. 
Where such practices are found to be technically feasible, the Permittee performing the repair must use such 
practices in the design and repair. These requirements apply only to projects whose design process is started 
after the effective date of this Permit. As part of the 5th Year Annual Report, the Permittees must list the 
locations of street, road and parking lot repair work completed since the effective date of the Permit that 
have incorporated such runoff reduction practices, and the receiving water body(s) benefitting from such 
practices. This documentation must include a general description of the project design, estimated total cost, 
and estimates of total flow volume and pollutant reduction achieved compared to traditional design 
practices. 
 

Excerpt:  Section IV.A.10 
  
10.  Evaluate the Effectiveness of Green Infrastructure/Low Impact Development Pilot Projects. The 
Permittees must evaluate the performance and effectiveness of the three pilot projects required in Part 
II.B.2.c of this Permit, or contract with another entity to conduct such evaluations. An evaluation summary 
of the LID technique or control and any recommendations of improved treatment performance must be 
submitted in subsequent Annual Reports as the evaluation projects are implemented and completed.  
 
 
Program Monitoring and Evaluation Plan 
Excerpt Section 4.4 
 
4.4 LID Evaluation and Assessment Monitoring 
The Permittees are required to evaluate the effectiveness of Green Infrastructure/Low Impact 
Development (GI/LID) Pilot projects. LID solutions mimic natural hydrology to reduce pollutant loads. 
These solutions are localized and assist in the efforts of reducing flow conveyed through the MS4. 
 
4.4.1 Permit Requirements 
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 Under this Section (Section II.B.2.c) of the Permit the Permittees are required to establish a GI/LID 
incentive strategy.  

 
4.4.2 Evaluation and Assessment 
 In order to relate the assessment and evaluation of GI/LID solutions pollutant load reductions must be 
characterized. Therefore, evaluation of this solution must measure or estimate both flow and concentration 
into and out of the stormwater control. Since LID relies heavily on infiltration to treat stormwater, outfall 
monitoring may be difficult. In these situations the evaluation can assume that flow reduction is a surrogate 
for  pollutant load reduction. If at some point in the program enough data has been collected to normalize 
reduction expectations for these solutions a modeling approach can be used to assess the pollutant reduction 
capacity of GI/LID solutions.  
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Designation: C1781/C1781M − 14 

 
 
 
 

Standard Test Method for 
Surface Infiltration Rate of Permeable Unit Pavement 
Systems1

 
 

This standard is issued under the fixed designation C1781/C1781M; the number immediately following the designation indicates the 
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last 
reapproval. A superscript epsilon (´) indicates an editorial change since the last revision or reapproval. 

 
 

1.  Scope* 
1.1 This test method covers the determination of the field 

surface infiltration rate of in place permeable unit pavement 
systems surfaced with solid interlocking concrete paving units, 
concrete grid paving units, or clay paving brick. 

1.2  The values stated in either SI units or inch-pound units 
are to be regarded separately as standard. The values stated in 
each system may not be exact equivalents; therefore, each 
system shall be used independently of the other. Combining 
values from the two systems may result in non-conformance 
with the standard. 

1.3  The text of this test method references notes that provide 
explanatory material. These notes shall not be considered as 
requirements of the test method. 

1.4  This standard  does not purport  to address  all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

 
2.  Referenced Documents 

2.1  ASTM Standards:2
 

C902 Specification for Pedestrian and Light Traffic Paving 
Brick 

C920 Specification for Elastomeric Joint Sealants 
C936 Specification for Solid Concrete Interlocking Paving 

Units 
C1232 Terminology of Masonry 
C1272 Specification for Heavy Vehicular Paving Brick 
C1319 Specification for Concrete Grid Paving Units 
C1701 Test Method for Infiltration Rate of In Place Pervious 

Concrete 
 
 

1 This test method is under the jurisdiction of ASTM Committee C15 on 
Manufactured Masonry Units and is the direct responsibility of Subcommittee 
C15.04 on Research. 

Current edition approved July 1, 2014. Published August 2014. Originally 
approved in 2013. Last previous edition approved in 2013 as C1781/C1781M – 13. 
DOI: 10.1520/C1781_C1781M–14. 

2  For referenced ASTM standards, visit the ASTM website, www.astm.org, or 

contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM 
Standards volume information, refer to the standard’s Document Summary page on 
the ASTM website. 

2.2  Other Standards:3
 

Federal  Specification  A-A-3110  (TT-P-1536A) Plumbing 
Fixture Setting Compound 

 
3.  Terminology 

3.1 Definitions—The terms used in this test method are 
defined in Terminology C1232. 
 
4.  Summary of Test Method 

4.1  An infiltration ring is temporarily sealed to the surface 
of a permeable unit pavement system. These pavements 
typically consist of solid concrete paving units conforming to 
Specification C936, concrete grid paving units conforming to 
Specification C1319, or clay paving brick conforming to 
Specification C902 or C1272. These pavements allow drainage 
through joints between the units or through voids formed by 
the intersection of two or more units or intentionally manufac- 
tured into the units. The results of this test method for unit 
pavement systems can be compared to that using Test Method 
C1701 for pervious concrete. After pre-wetting the test 
location, a given mass of water is introduced into the ring and 
the time for the water to infiltrate the pavement is recorded. 
The infiltration rate is calculated in accordance with 9.1. 
 
5.  Significance and Use 

5.1  This test method can be used for acceptance of surface 
infiltration of new permeable unit pavement systems. 

5.2 Tests performed at the same location across a span of 
years may be used to detect a reduction of infiltration rate of 
the permeable surface, thereby identifying the need for any 
remedial maintenance intended to increase the infiltration rates 
to predefined levels. 

5.3  The infiltration  rate obtained by this method is valid 
only for the localized area of the pavement where the test is 
conducted.  To  determine  the  surface  infiltration  rate  of  the 
entire permeable pavement, multiple locations must be tested 
and the results averaged. 
 

http://www.astm.org/
mailto:service@astm.org
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5.4 The minimum acceptable infiltration rate is typically 
established by the design engineer of record or the municipality 
and can be a function of the design precipitation event. 

 

6.  Apparatus 
6.1  Infiltration Ring—A cylindrical ring, open at both ends 

(See Fig. 1). The ring shall be watertight, sufficiently rigid to 
retain its form when filled with water, and shall have a diameter 
of 300 6 10 mm [12.0 6 0.5 in.] with a minimum height of 50 
mm [2.0 in.]. The bottom edge of the ring shall be even. The 
inner surface of the ring shall be marked or scored with two 
lines at a distance of 10 and 15 mm [0.40 and 0.60 in.] from the 
bottom of the ring. Measure and record the inner diameter of 
the ring to the nearest 1 mm [0.05 in.]. 

 
NOTE  1—Ring materials that have been found to be suitable include 

steel, aluminum, rigid plastic, and PVC. 

6.2  Balance—A balance or scale accurate to 10 g [0.02 lb]. 
6.3 Container—A cylindrical container typically made of 

plastic having a volume of at least 20 L [5 gal], and from which 
water may be easily poured at a controlled rate into the 
infiltration ring. 

6.4  Stop Watch—Accurate to 0.1 s. 
6.5 Plumbers Putty (Non-Hardening)—Meeting Specifica- 

tion C920 or Federal Specification A-A-3110. 
6.6  Water—Potable water. 

 

7.  Test Locations 
7.1  Perform tests at multiple locations at a site as requested 

by the purchaser of testing services. Unless otherwise 
specified, use the following to determine the number of tests to 
perform: 

7.1.1  Three test locations for areas up to 2500 m2  [25 000 
ft2]. 

7.1.2  Add one test location for each additional 1000 m2  [10 
000 ft2] or fraction thereof. 

7.2 Provide at least 1 m [3 ft] clear distance between test 
locations, unless at least 24 h have elapsed between tests. 

7.3 Do not test if there is standing water on top of the 
permeable pavement. Do not test within 24 h of the last 
precipitation. 

 

8.  Procedure 
8.1 Infiltration Ring Installation—Clean the pavement sur- 

face by only sweeping off trash, debris, and other non-seated 
material. 

 

 
FIG. 1 Dimensions of Infiltration Ring 

8.2  Take a photograph of the immediate area to be tested to 
document the pavement pattern and layout. Move the ring over 
the surface of the pavement until the pattern, drainage joints 
and drainage voids framed within the infiltration ring are 
representative of the entire paving pattern, drainage joints and 
drainage voids across the pavement surface. Set the ring on the 
pavement surface and mark its location by circumscribing it 
with chalk or other temporary marking. Take a photograph of 
the circumscribed chalk or temporary marking to document the 
placement  of the ring  relative  to the pavement  pattern  and 
layout (see Note 2). 
 

NOTE  2—The procedure in 8.2 for selecting and documenting the 
placement of the infiltration ring on a representative area of the pavement 
is sufficient in most cases for determining the infiltration rate of the 
pavement. The drainage area within the infiltration ring is typically within 
620 % of the average drainage area of the pavement as a whole. This 
accuracy is adequate for most situations. If a more accurate quantification 
of the infiltration rate is needed, the procedure detailed in Appendix X1 
can be used to normalize the drainage area within the infiltration ring to 
the average drainage area of the pavement as a whole. 

8.3  For solid interlocking  concrete paving units and clay 
brick paving, remove aggregate to a depth of no greater than 10 
mm [0.5 in.] in any joint or drainage void that will be directly 
below the test ring and fill these areas with plumbers putty so 
that a positive seal can be made to the test ring once it is placed 
on the surface. Take care not to extend the plumbers putty more 
than 10 mm [0.5 in.] inside the perimeter of the chalk line or 
other  temporary  marking.  For  concrete  grid  paving  units, 
center as much of the ring as possible on the webs. For ring 
locations over openings, remove any vegetation, if present, 
directly below the test ring to a depth of no greater than 10 mm 
[0.5 in] and apply plumbers putty to the surface of the soil, or 
to the aggregate, if present, so that a positive seal can be made 
to the test ring once it is placed on the surface. Take care not 
to extend the plumbers putty more than 10 mm [0.5 in.] inside 
the perimeter of the chalk line or other temporary marking. 
 

8.4  Apply plumbers putty around the bottom edge of the 
ring and place the ring onto the surface being tested. Press the 
putty into the surface and around the bottom edge of the ring 
to create a watertight seal making sure that the putty does not 
extend more than 10 mm [0.5 in] inside the perimeter of the 
ring. Place additional putty as needed to ensure a watertight 
seal. 
 

NOTE  3—In a hot environment or when the surface temperature is over 
38°C [100°F]  plumbers  putty  may  not  adhere  to  the  surface  of  the 
pavement easily. Therefore it is advisable to perform this test during a 
cooler temperature. 

8.5  Prewetting—Pour water into the ring at a rate sufficient 
to maintain a head between the two marked lines. Take care to 
pour the water such that it falls directly on the surface of a 
paving unit and not onto the joints. This minimizes displace- 
ment of jointing aggregate and any accumulated sediment in 
the joints during the test (see Note 4). Use a total of 3.60 6 
0.05 kg [8.0 6 0.1 lb] of water. Begin timing as soon as the 
water impacts the permeable pavement surface. Stop timing 
when free water is no longer present on the surface. Record the 
amount of elapsed time to the nearest 0.1 second. 
 

NOTE   4—It  is  recommended  that  the  pour  height  be  limited  to  a 
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maximum of 150 mm [6.0 in.] above the surface of the paving units to 
minimize disruption. 

8.6 Test—The test shall be started within 2 min after the 
completion of the prewetting. If the elapsed time in the 
prewetting stage is less than 30 s, then use a total of 18.00 6 
0.05 kg [40.00 6 0.1 lb] of water. If the elapsed time in the 
prewetting stage is greater than or equal to 30 s, then use a total 
of 3.60 6 0.05 kg [8.0 6 0.1 lb] of water. Record the weight 
of water to the nearest 10 g [0.02 lb]. Pour the water onto the 
ring at a rate sufficient to maintain a head between the two 
marked lines and until the measured amount of water has been 
used. Take care to pour the water such that it falls directly on 
the surface of a paving unit and not onto the joints. This 
minimizes displacement of jointing aggregate and any accu- 
mulated sediment in the joints during the test (see Note 5). 
Begin timing as soon as the water impacts the permeable 
pavement surface. Stop timing when free water is no longer 
present on the surface. Record the testing duration (t) to the 
nearest 0.1 second. 

 
NOTE  5—If a sloped pavement is being measured, maintain head 

between the two marked lines at the lowest point of the slope. 

8.7  If a test is repeated at the same location, the repeat test 
does not require pre-wetting if conducted within 5 min after 
completion of the first test. If more than one test is conducted 
at a location on a given day, the infiltration rate at that location 
on that day shall be calculated as the average of the two tests. 
Do not repeat this test more than twice at the same location on 
a given day. 

8.8 When completed with testing, remove plumbers putty 
from the joints and surface, reinstate the removed aggregate 
jointing materials, and sweep test area clean. 

 
9.  Calculation 

9.1  Calculate the infiltration rate (I) using consistent units as 
follows: 

I 5 KM ⁄ ~D 2   *  t ! (1)  
 

where: 
I     =  Infiltration rate, mm/h [in./h], 
M   =  Mass of infiltrated water, kg [lb], 
D    =  Inside diameter of infiltration ring, mm [in.], 
t     =  time required for measured amount of water to infiltrate 

the surface, s, and 
K    =  4 583 666 000 in SI units or 126 870 in [inch-pound] 

units. 
NOTE  6—The factor K has units of (mm3s)/(kgh) [(in.3s)/(lbh)] and is 

needed to convert the recorded data (W, D, and t) to the infiltration rate I 
in mm/h [in./h]. 

10.  Report 
10.1  Report the following information: 
10.1.1  Identification number, 
10.1.2  Location, 
10.1.3  Date of test, 
10.1.4 Age, type and thickness of paving units (label Un- 

known if not known), 
10.1.5  Include a photograph of the immediate area that was 

tested to document the pavement pattern and layout and a 
photograph of the circumscribed chalk or temporary marking 
to document the placement of the ring relative to the pavement 
pattern and layout, 

10.1.6  Time elapsed during prewetting, s, 
10.1.7  Amount of rain during last event, if known, mm [in.], 
10.1.8  Weight of infiltrated water, kg [lb], 
10.1.9  Inside diameter of infiltration ring, mm [in.], 
10.1.10  Time elapsed during infiltration test, s, 
10.1.11  Infiltration rate, mm/h [in./h], and 
10.1.12 Number of tests performed at each location, if 

applicable. 
 

11.  Precision and Bias4
 

11.1  The following precision statements are based on dupli- 
cate measurements done at 74 locations on 37 different 
permeable  unit  pavement  systems  with  average  infiltration 
rates ranging from 30 to 1600 in./h by two separate operators: 

11.1.1  The 95 % Confidence Limit (CL) for single-operator 
repeatability (r) averages 7.7 % with a median value of 5.9 %. 

11.1.2  The 95 % CL for the multiple-operator reproducibil- 
ity (R) averages 19.8% with a median value of 10.0%. 

11.2  Based on the average results of four measurements at 
each of two locations on 37 different permeable unit pavement 
systems with average infiltration rates ranging from 30 to 1600 
in./h, the difference between average results at the two loca- 
tions averages 19.1 % with a median value of 12.2 %. 

11.3  This test method has no bias because the infiltration 
rate of permeable unit pavement systems is defined only in 
terms of this test method. 
 
12.  Keywords 

12.1  clay paving units; concrete grid paving units; concrete 
paving units; infiltration; permeable; unit pavement systems; 
water 
 
 

4  Supporting data have been filed at ASTM International Headquarters and may 
be obtained by requesting Research Report RR:C15-1000. Contact ASTM Customer 
Service at service@astm.org. 

mailto:service@astm.org
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APPENDIX 
 

(Nonmandatory Information) 
 

X1.  PROCEDURE FOR NORMALIZATION OF DRAINAGE AREA WITHIN THE INFILTRATION RING TO THE AVERAGE 
DRAINAGE AREA OF THE PAVEMENT AS A WHOLE 

 
X1.1  Scope 

X1.1.1  The procedure in 8.2 for selecting and documenting 
the placement of the infiltration ring on a representative area of 
the pavement is sufficient in most cases for determining the 
infiltration rate of the pavement. The drainage area within the 
infiltration ring is typically within 620 % of the average 
drainage area of the pavement as a whole. This accuracy is 
adequate for most situations. If a more accurate quantification 
of the infiltration rate is needed use the procedure detailed in 
this appendix to normalize the drainage area within the 
infiltration ring to the average drainage area of the pavement as 
a whole. 

X1.1.2 The provisions in this appendix cover two basic 
drainage methods: the first in which the system is designed to 
drain through the joints between units and the second in which 
the system is designed to drain through voids that are formed 
at the intersection of two or more units or that are intentionally 
manufactured into the units. 

X1.1.3  For  systems  designed  to  drain  through  joints  be- 
tween the units, for the sake of simplicity, the drainage area is 
estimated by measuring the total linear drainage joint length. 
This assumes that the joint width is designed to be consistent 
across the field of the pavement. This removes the necessity of 
measuring the width of each individual joint. 

X1.1.4  For systems designed to drain through voids that are 
formed at the intersection of two or more units or that are 
intentionally manufactured into the units, for the sake of 
simplicity, the drainage area is estimated by the counting the 
number of voids in a given area. This assumes that the voids 
are designed to be consistent in size across the field of the 
pavement. This removes the necessity of determining the area 
of each individual void. 

X1.1.5  For systems designed to drain through a combina- 
tion of joints and voids or in which the joints or voids are of 
different widths or sizes, the drainage area can be determined 
by calculating the area of each joint and void within a given 
area and summing the areas together. These areas could then be 
used in calculations analogous to the ones shown in this 
appendix to normalize the drainage area within the infiltration 
ring to the average drainage area of the pavement as a whole. 

 
X1.2  Procedure 

X1.2.1  Determine the amount of drainage area per surface 
area of pavement as follow: 

X1.2.1.1 For systems designed to drain through joints be- 
tween  the  units,  mark  off  with  chalk  or  other  temporary 
marking an area of pavement that has minimum dimensions of 
1.5 by 1.5 m [5 by 5 ft] (see Note X1.1). The edges of the 
marked  area  shall  not  coincide  with  a continuous  drainage 
joint. Measure and record as La  in cm [in.] the length of the 

marked off region. Measure and record as Wa in cm [in.] the 
width of the marked off region. Measure and record as Ld in cm 
[in.] the total linear drainage joint length in the marked off 
region. Calculate the amount of linear drainage joint length per 
area as follows: 

LDPA 5 L d     ⁄   ~L a    3  W a ! (X1.1)  
 

where: 
LDPA   =  linear drainage joint length per area of pavement, 

cm/m2  [in./ft2], 
Ld  =  total  linear  drainage  joint  length  in  marked  off 

region, cm [in.], 
La              =  length of marked off area, m [ft], and 
La              =  width of marked off area, m [ft]. 
 

X1.2.1.2  For systems designed to drain through voids that 
are formed at the intersection of two or more units or that are 
intentionally manufactured into the units, mark with chalk or 
other temporary marking an area of pavement that has mini- 
mum dimensions of 1.5 by 1.5 m [5 by 5 ft] (see Note X1.1). 
Minimize the number of drainage voids that coincide with the 
marked area edges. Measure and record as La  in cm [in.] the 
length of the marked off region. Measure and record as Wa  in 
cm  [in.]  the  width  of  the  marked  off  region.  Measure  and 
record as Nv  the number of drainage voids in the marked off 
region. Calculate the number of drainage voids per area as 
follows: 

DVPA 5 N v     ⁄   ~L a    3  W a ! (X1.2)  
 

where: 
DVPA   =  number  of drainage  voids  per area of pavement, 

#/m2  [#/ft2], 
Nv              =  total number of drainage voids in marked off region, 
La               =  length of marked off area, m [ft], and 
Wa             =  width of marked off area, m [ft]. 

NOTE  X1.1—The marked off area should be representative of the 
repeating pattern of the pavement units. For unit pavement systems with 
numerous different unit shapes, a larger area than the specified minimum 
may need to be marked off to ensure that a whole repeating pattern has 
been encompassed. 
 

X1.2.2  Follow the procedure in 8.3 to place the infiltration 
ring and to document the immediate area to be tested, as well 
as the placement of the ring relative to the pavement pattern 
and layout. In addition, totally fill any void that is directly 
below the test ring so that only whole voids are exposed and 
counted during the testing. Also, photograph the marked off 
region from X1.2.1 to document the area used to calculated the 
drainage area per surface area of pavement. 

X1.2.2.1  For pavements with drainage joints, measure and 
record the length of drainage joints within the infiltration ring 
as Lt  in cm [in.]. Calculate the amount of linear drainage joint 
length per area in the infiltration ring as follows: 
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LDTA 5 1 , 000, 000L t     ⁄   ~π  D ⁄  4 !,  for SI units or    (X1.3)  LDTA  =  linear drainage joint length per area of the infiltra- 
tion ring, cm/m2  [in./ft2] (see Eq X1.3). 

 
where: 

LDTA 5 144L t     ⁄   ~π  D ⁄ 4 !, for in.-lb units  

X1.3.1.2  For systems designed to drain through voids that 
are formed at the intersection of two or more units or that are 

LDTA   =  linear drainage joint length per area of the infiltra- 
tion ring, cm/m2  [in./ft2], 

intentionally manufactured into the units: 

Lt  =  total linear drainage joint length in the infiltration 
ring, cm [in.], and 

 

 
where: 

I 5 KM ⁄ ~D 2 *  t ! 3 ~D  V  P  A  ⁄  D  V  T  A ! (X1.6)  

D  =  inside diameter of infiltration ring, mm [in.]. 
X1.2.2.2 For pavements with drainage voids, measure and 

record the number of drainage voids entirely within the 
infiltration ring as Nt. Calculate the number of drainage voids 
per area of the infiltration ring as follows: 

I  =  infiltration rate, mm/h [in./h], 
M  =  mass of infiltrated water, kg [lb], 
D  =  inside diameter of infiltration ring, mm [in.], 
t  =  time  required  for  measured  amount  of  water  to 

infiltrate the surface, s, 
K  =  4 583 666 000 in SI units or 126 870 in [inch- 

DVTA 5 1 , 000, 000N t     ⁄   ~π  D ⁄  4 !,  for SI units or    (X1.4)  pound] units, 
 
 

where: 

DVTA 5 144N t     ⁄   ~π  D ⁄ 4 !, for in.-lb units DVPA  =  number of drainage voids per area of pavement, 
#/m2  [#/ft2] (see Eq X1.2), and 

DVTA  =  total  number  of  drainage  voids  per  area  of  the 
DVTA   =  total  number  of  drainage  voids  per  area  of  the 

infiltration ring, #/m2  [#/ft2], 
Nt  =  total number of drainage voids in the infiltration 

ring, and 
D  =  inside diameter of infiltration ring, mm [in.]. 

 
X1.3  Calculation 

X1.3.1  Calculate  the  infiltration  rate  (I)  using  consistent 
units as follows: 

X1.3.1.1  For systems designed to drain through joints be- 
tween the units: 

I 5 KM ⁄ ~D 2   *  t ! 3 ~L  D  P  A  ⁄  L  D  T  A ! (X1.5)  
 

where: 
I  =  infiltration rate, mm/h [in./h], 
M  =  mass of infiltrated water, kg [lb], 
D  =  inside diameter of infiltration ring, mm [in.], 
t  =  time  required  for  measured  amount  of  water  to 

infiltrate the surface, s, 
K  =  4 583 666 000 in SI units or 126 870 in [inch- 

pound] units, 
LDPA  =  linear drainage joint length per area of pavement, 

cm/m2  [in./ft2] (see Eq X1.1), and 

infiltration ring, #/m2  [#/ft2] (see Eq X1.4). 
 
X1.4  Report 
 

X1.4.1  In addition to the reporting requirements of Section 
10, include a photograph of the marked off region from X1.2.2 
to document the area used to calculated the drainage are per 
surface area of pavement 
 

X1.4.2  For  systems  designed  to  drain  through  joints  be- 
tween units, include the following: 

X1.4.2.1  Linear drainage joint length per area of pavement, 
cm/m2  [in./ft2] (see Eq X1.1 for LDPA). 

X1.4.2.2 Linear drainage joint length per area of the infil- 
tration ring, cm/m2  [in./ft2] (see Eq X1.3 for LDTA). 
 

X1.4.3  For systems designed to drain through voids that are 
formed at the intersection of two or more units or that are 
intentionally manufactured into the units, include the follow- 
ing: 

X1.4.3.1  Number of drainage voids per area of pavement, 
#/m2  [#/ft2] (see Eq X1.2 for DVPA). 

X1.4.3.2 Total number of drainage voids per area of the 
infiltration ring, #/m2  [#/ft2] (see Eq X1.4 for DVTA).
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OF 
CHANGES 

 
Committee  C15  has  identified  the  location  of  selected  changes  to  this  standard  

since  the  last  issue 
(C1781/C1781M – 13) that may impact the use of this standard. (July 1, 2014) 

 
 

(1)  Revised Section 11 to add additional precision statements. 
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