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1. Introduction and Project Description 

AWR Engineering, LLC and HDR Alaska are assisting  the Municipality of Anchorage  (MOA) with monitoring and 

reporting  requirements  for  four  Low  Impact  Development  (LID)  pilot  projects.  The  pilot  project  construction, 

monitoring, and reporting are required per the current MOA and Alaska Department of Transportation and Public 

Facilities (ADOT&PF) Alaska Pollutant Discharge Elimination System (APDES) permit. Two of the pilot projects are 

owned by the MOA and two are owned by ADOT&PF. ADOT&PF is currently constructing a third pilot project, but 

project construction was delayed, and monitoring could not be completed at the time of this report. 

1.1. APDES Reporting Requirements 

The  current APDES  permit  requires  that  the  performance  of  each  LID  pilot  project  be monitored.  The  permit 

requires  that changes  in  runoff quantities be calculated or modeled  for each of  the pilot projects and,  for new 

construction  projects,  compared  to  a  theoretical  case  of  the  project  constructed  without  LID  practices.  The 

analysis  requirements  include  preparing  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  nature  of  impervious  surfaces  (see  page  15  of  the 

APDES permit in Appendix A for additional information). 

This report presents the required monitoring results for the LID pilot projects.  

1.2. General Description of Pilot Projects 

1.2.1.  ADOT&PF Projects 

ADOT&PF constructed the West Dowling Road Extension and Muldoon Road Pedestrian Improvements projects as 

LID projects for monitoring. West Dowling Road incorporates bioretention swales (bioswales) in lieu of traditional 

storm drains  in  several  areas  to provide  treatment  and  infiltration of  runoff before  it enters nearby Campbell 

Creek. The Muldoon Road Pedestrian  Improvements project focused on reducing  impervious cover by replacing 

traditional impervious pedestrian facilities with vegetated planters and associated pervious landscaping.  

1.2.2.  MOA Projects 

The  MOA  constructed  the  Taku  Lake  Rain  Garden  and  Russian  Jack  Springs  Park  Parking  Lot  projects  as  LID 

projects for monitoring. Both of these projects were also parking lot retrofit projects, as required per the APDES 

permit, page 16, paragraph vi. (See Appendix A). Per page 15 of the permit, parking  lot retrofits may be used as 

pilot projects. The Taku Lake Rain Garden project also meets the requirements for one of the two required rain 

gardens projects per  page  16, paragraph  iii of  the permit.  The  second  rain  garden  is  addressed  in  a  separate 

memorandum titled Analysis for the Commercial Fishing and Agriculture Bank Rain Garden. That memorandum is 

appended to this report. 

The  Taku  Lake  Rain  Garden  consists  of  a  large  bioretention  area  (rain  garden)  that  accepts  water  from  the 

adjacent Taku Lake parking lot, providing infiltration of small rainfall events and treatment and detention of larger 
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events.  The  Russian  Jack  Springs  Park  Parking  Lot  includes  both  porous  asphalt  and  a  connected  subsurface 

infiltration gallery that, together, accept all runoff from the parking lot. 

This report presents  information regarding  the LID  features,  the monitoring process, and monitoring results  for 

each project as required by  the APDES permit. A map of project  locations  in  the Anchorage area  is  included as 

Figure1, in Appendix B. 

1.3. Quality Assurance Plan  

In October of 2012, HDR prepared a Monitoring, Evaluation, and Quality Assurance Plan (QAP) for monitoring and 

reporting of LID projects for the MOA. Appendix E of this plan provides a process for both physical monitoring and 

hydrologic modeling  of  LID  Projects.  The monitoring, modeling,  and  reporting methods  used  for  the  analyses 

discussed  in this report are similar to the processes described  in the QAP. The QAP processes were modified as 

needed  to  reflect  the  unique  characteristics  of  each  site  and  the  desired  data  output  accuracy.  These 

modifications are expected to improve overall results for each site. For example, the QAP initially suggested a 5‐

minute time step for hydrologic modeling, and a 1‐minute time step for hydraulic modeling. These analyses used a 

time  step  of  30  seconds  for  both  hydrologic  and  hydraulic  modeling  in  order  to  provide  better  agreement 

between written and graphical output in the modeling software. Generally, the QAP processes were followed as 

much as possible. 

2. West Dowling Road (ADOT&PF) 

West Dowling Road  is  located  in Anchorage, north of Dimond Boulevard, between C Street and the Old Seward 

Highway. The West Dowling Road project, constructed  in 2012, expanded  the existing roadway corridor  from a 

two‐lane  road  to  a  four‐lane  road with  a  center median  and  new  pedestrian  facilities.  The  project  lies  in  the 

Campbell Creek Watershed and crosses Campbell Creek via a bridge between Potter Drive and  the Old Seward 

Highway.  

West  Dowling  Road  is  surrounded  by  residential  and  industrial  areas  to  the  north  and  south.  The  project’s 

hydrologic designers defined  five drainage basins  for  the project area. This LID monitoring and  reporting effort 

focuses on what  the West Dowling designers  refer  to as Basin 4. Basin 4 has an area of 17.4 acres and  is  the 

largest  basin  in  the  project  area  that  contributes  stormwater  runoff  along  the  project  corridor  and  toward 

Campbell Creek  (see Figure 2  in Appendix B). Basin 4  is comprised of a  residential area north of West Dowling 

Road and west of Campbell Creek. Based on  information obtained  from  the project’s Hydrologic and Hydraulic 

(H&H)  report,  the  topography  in Basin 4  is  fairly  flat with an average  slope of approximately 1.3 percent. The 

original design concept for stormwater runoff from Basin 4 included a piped storm drain system that would collect 

runoff from Basin 4 and discharge  it directly to Campbell Creek, which  is an  impaired water body. Based on the 

need  for  LID  pilot  projects  and  on  concerns  for  the  health  of  Campbell  Creek,  project  designers  saw  an 

opportunity  to  incorporate  LID  techniques  into  the project at  this  location. A portion of  the proposed Basin 4 

storm drain system was replaced with a bioswale that would treat stormwater prior to discharge  into Campbell 

Creek.  The project  also  incorporated  LID  techniques  at other  locations  that were not  analyzed  as part of  this 

study.  

 



MOA and ADOT&PF  
2013 Low Impact Development Project Performance Monitoring Report 

 

AWR Engineering, LLC  Page 3 of 35 
 
  

2.1. Bioretention Swale Details 

The project’s Basin 4 bioswale is located on the north side of West Dowling Road, east of Potter Drive and west of 

Campbell  Creek.  Based  on  review  of  the  project’s  design  drawing  and  on  observations  from  site  visits,  the 

functional area of the swale is estimated to be 2,800 square feet with a gentle slope of less than one percent. The 

swale was constructed of local material which is primarily sands and gravels according to the project geotechnical 

report.  

The  primary  purpose  of  the  bioswale  is  to  provide  water  quality  treatment  for  stormwater  before  it  enters 

Campbell Creek. The  swale was  intended  to  remove  sediments,  fecal  coliform, and hydrocarbons  that may be 

present in the residential runoff. Water quality monitoring is not required per the APDES permit, and the MOA did 

not have the resources to provide this type of monitoring at the time of this report. Therefore, the water quality 

benefit of  the  stormwater  swale  is addressed based on analysis of  runoff  volume. The  second purpose of  the 

bioswale is to provide infiltration of stormwater, thereby reducing peak flows and total stormwater runoff volume 

to the receiving water.  

2.2. Monitoring and Reporting Plan 

In  order  to  demonstrate  the  bioswale’s  performance  and  benefit  to  the  local  watershed,  inflow  and  outflow 

hydrographs were developed for two cases.  

1. As  required  for  new  construction  per  the APDES  permit,  Case  1  is  the  hypothetical  case  of  the  project 

constructed  without  a  LID.  In  this  case,  runoff  from  Basin  4  is  routed  directly  to  Campbell  Creek  via  a 

traditional storm drain system as planned in the original design. The storm drain for Case 1 was assumed to 

be a standard 24‐inch pipe with a Manning’s roughness coefficient of 0.013, which is typical of concrete or 

plastic pipe.  

2. Case 2 is the LID case that was constructed, with a large bioswale intercepting runoff from Basin 4 before it 

reaches Campbell Creek.  

In addition  to a hydrograph comparison of  the  two cases,  the project was also visually monitored occasionally 

during construction and after project completion. 

2.2.1. Hydrograph Development 

Discharge hydrographs were developed using the EPA’s Storm Water Management Model (SWMM) Version 5.0. 

SWMM produces hydrographs using the non‐linear reservoir method based on user‐defined rainfall parameters, 

soil conditions, and basin features. Infiltration in pervious areas of the basin was computed using Horton’s 

method within SWMM. Basin characteristics and other notable model input parameters are presented in Table 1 

and Table 2. These parameters apply to both cases evaluated.  
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Table 1: West Dowling Basin 4 Characteristics 

Basin Characteristics (Both Cases) 

Basin Size (acres)  17.4 

Percent 
Impervious 

63.4 

Runoff Routed to  Outlet 

Infiltration 
Method 

Horton 

Routing Method  Dynamic Wave 

 

Table 2: West Dowling Basin 4 Horton Parameters 

Horton Parameters for Runoff 

Maximum Infiltration 
Rate (in/hr) 

0.75 

Minimum Infiltration 
Rate (in/hr) 

0.05 

Decay Constant 
(1/hr) 

4 

 

The basin characteristics listed in Table 1 were obtained from the project H&H report. In this report, residential 

areas were assumed to be 60 percent impervious.  

The infiltration parameters for use with Horton’s method were selected based on local soil information from the 

project’s  geotechnical  report,  recommended  values  from  the  SWMM  user’s  manual,  and  the  EPA’s  Technical 

Guidance on  Implementing  the  Stormwater Runoff Requirements  for  Federal Projects under  Section 438 of  the 

Energy  Independence and Security Act. The values used for this analysis are expected to be conservative for the 

local soil types. However, because the same parameters were used for both cases, the impact to the comparative 

analysis results is generally negligible.  

The  performance  of  the  bioswale was modeled  using  the  LID  modeling  options within  SWMM.  The  bioswale 

modeling option  in SWMM allows  the user  to define  the swale parameters based on  local conditions and  then 

calculates  infiltration  in  the swale using  the Green‐Ampt  infiltration method. The selected bioswale parameters 

are  summarized  in Table 3Table 3. The project geotechnical  report  shows  that  the upper  six  feet of  soil  in  the 

basin area  is comprised of sand with some silt and gravel present. Groundwater  is present at approximately six 

feet  below  the  existing  ground  surface.  Percolation  testing  was  performed  to  the  east  of  this  bioswale  with 

resulting infiltration rates of 45 inches per hour. Based on review of the geotechnical borings, it is estimated that 
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the  location  of  this  test  likely  had more  gravel  present  than  the  location  of  this  bioswale.  Therefore,  a more 

conservative value of five inches per hour was selected for the swale’s infiltration rate based on the geotechnical 

borings and on the United States Department of Agriculture’s Soil Survey data  for the project area. The Green‐

Ampt values were selected based on  the recommendations  in  the SWMM user’s manual  for sand. The physical 

parameters of the swale were obtained from the project design drawings and from individual conversations with 

the project designer. The project geotechnical report, results of percolation testing, and the USDA soil survey data 

are included in Appendix C.  

Table 3: West Dowling Bioswale Parameters 

LID Bioswale Parameters 

Area (square feet)  2800 

Storage Depth (in)  3 

Vegetation Volume 
Fraction 

0.5 

Thickness (in)  36 

Porosity (volume fraction)  0.4 

Field Capacity (volume 
fraction) 

0.105 

Wilting Point (volume 
fraction) 

0.047 

Conductivity (in/hr)  5 

Conductivity Slope  5 

Suction Head (in)  2.4 

Void Ratio  0.2 

 

The swale’s performance was evaluated for four rainfall events.  

1. Event 1a: The first event was approximately the 90th percentile rainfall event as described  in the MOA’s 

current APDES permit. This event was 0.52  inch of rain  in a 24‐hour period. For Event 1, the rainfall was 

assumed to be evenly distributed in order to produce a hydrograph.  

2. Event 1b: Because the distribution of the 90th percentile event tends to vary greatly by storm event, the 

second event modeled also represented the 90th percentile storm event. In this case, the 90th percentile 

event was distributed based on hourly rainfall data from Anchorage International Airport (AIA). According 

to this hourly data, a rainfall event nearly identical to the 90th percentile event occurred on July 21, 2012. 

This event produced 0.53  inch of rainfall  in a 24‐hour period, and modeling  this distribution provided a 

comparison for the even distribution in Event 1a. 

3. Event 2: This event occurred on August 1, 2012 and resulted in 0.19 inch of precipitation in 24 hours. This 

event was selected because it represented a small, frequent rainfall event and associated distribution for 

Anchorage. LID techniques are typically intended to capture these types of events.  



MOA and ADOT&PF  
2013 Low Impact Development Project Performance Monitoring Report 

 

AWR Engineering, LLC  Page 6 of 35 
 
  

4. Event 3: The fourth event modeled was the theoretical 10‐year, 24‐hour rainfall event for Anchorage, as 

defined in the MOA’s Design Criteria Manual. This rainfall event was 1.77 inches distributed over 24 hours 

using  a  National  Resource  Conservation  Service  (NRCS)  Type  1  rainfall  distribution.  This  event  was 

selected to evaluate the swale’s performance during large rainfall events. 

Rainfall Hyetographs  for  the non‐synthetic events  (Event 1b and Event 2) are provided  in Figure 1Figure 1 and 

Figure 2,respectively. 

Figure 1: July 21, 2012 Rainfall Hyetograph 
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Figure 2: August 1, 2012 Rainfall Hyetograph 

 

2.3. Results 

2.3.1. Hydrograph Results 

Table 4 shows the peak flow and total volume of runoff for each case. Full modeling output reports are included in 

Appendix D.  

Table 4: West Dowling Bioswale Runoff Results Summary 

Case 

Event 1a: 90th 
Percentile Rainfall, 
Evenly Distributed 

Event 1b: 90th 
Percentile Rainfall, 

Distributed as seen on 
7‐21‐12 

Event 2: Common 
Event as seen on 

8‐1‐12 

Event 3: 10‐year, 
24‐hour Rainfall 

Peak 
Flow 
(cfs) 

Runoff 
Vol (cf) 

Peak 
Flow (cfs) 

Runoff 
Vol (cf) 

Peak 
Flow (cfs) 

Runoff 
Vol 
(cf) 

Peak 
Flow 
(cfs) 

Runoff 
Vol (cf) 

Case 1 ‐ No LID  0.24  17,378  0.96  18,426  0.29  5,576  11.87  593,375

Case 2 ‐ 
Bioswale 

0  0  0.64  4,617  0  0  11.56  405,033

 

The  resulting hydrographs are  shown  in Figure 3  through Figure 6. These hydrographs  represent  the discharge 

point into Campbell Creek.  
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Figure 3: Event 1a ‐ West Dowling Bioswale 

 
Figure 4: Event 1b ‐ West Dowling Bioswale 
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Figure 5: Event 2 ‐ West Dowling Bioswale 

 

Figure 6: Event 3 ‐ West Dowling Bioswale 
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For the evenly distributed 90th percentile event, the modeling results show that the swale was able to infiltrate all 

of  the  runoff  and  nothing  was  discharged  to  Campbell  Creek.  However,  when  the  90th  percentile  event  was 

distributed as shown in Case 1b, not all of the runoff was infiltrated. The swale did reduce both the peak flow and 

the runoff volume for this case. 

For Event 2, modeling results show that the swale was able to infiltrate all of the runoff. 

For  Event  3,  the  10‐year,  24‐hour  event,  the  modeling  results  show  that  although  the  swale  did  not  have  a 

significant  impact on the peak runoff,  it did result  in a notable  impact on the total runoff volume from the site. 

The modeling results show that a significant portion of the water entering the swale was infiltrated.  

2.3.2. Visual Monitoring Results 

In  addition  to  the  hydrograph  development,  this  project  was  also  visually  monitored  both  during  and  after 

construction.  The  roadway  was  under  construction  during  the  fall  of  2012  when  Anchorage  experienced 

significant rainfall and localized flooding. Rainfall records at AIA reported 1.41 inches on September 19, 2012 and 

1.31 inches on September 20, 2012. During these significant events, project designers and construction personnel 

were concerned about erosion and impacts to downstream Campbell Creek because the bioswale vegetation was 

not yet established. However, construction personnel reported that the bioswale was able to absorb and infiltrate 

all of the water that entered, and no surface runoff was discharged to Campbell Creek. 

The  swale performance was  also  visually  inspected  following  several days of  rain on  September 7, 2013. Rain 

occurred each day for six days preceding the site visit. Rainfall records from AIA report a total of 1.67 inches from 

September  1  through  September  7.  The  bioswale  had  small  amounts  of  ponded  water  in  the  bottom  at 

approximately  three  inches deep. Water was  flowing  in small quantities  into  the bioswale  from  its  inlet points, 

and water inside the bioswale was flowing slowly toward the outlet. A small rock berm separated the swale from 

its outlet to Campbell Creek, and water was not flowing over this berm. No water was observed to be entering 

Campbell Creek. 

 

 

 

 

 

 

 

 

  West Dowling Bioswale, 

looking east 

West Dowling Bioswale, looking west from 

Campbell Creek Bridge 
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2.4. Conclusions and Recommendations for Future Projects 

Although  this project was originally  intended  to primarily provide water quality  treatment without  impacts  to 

runoff volume, the bioswale provided an added, and perhaps more effective, benefit of reducing runoff volumes 

and peak flow. By  infiltrating small, frequent rainfall events, the bioswale  is capturing the “first flush” of runoff 

which  is typically the most polluted. Those pollutants are treated through natural processes  instead of entering 

Campbell Creek. 

Bioswales  are  highly  versatile  LID  tools,  making  them  a  recommended  LID  practice  for  use  with  long,  linear 

applications like roadways. The presence of groundwater at six feet below the existing ground surface may have 

been a deterrent to some designers when considering infiltration tools. However, six feet is actually greater than 

the EPA‐recommended separation distance between bioretention facilities and groundwater surface. Additionally, 

although  infiltration was not  the primary goal of  the  LID  feature,  the  soils  in  this area were well‐draining and 

caused the bioswale to exceed design expectations for volume reduction, despite the groundwater presence. This 

shows that perceived roadblocks to LID implementation can often be addressed with the right LID application for 

the site. 

3. Muldoon Road Pedestrian and Landscaping Improvements (ADOT&PF) 

The Muldoon Road Pedestrian and Landscaping Improvements project was designed to provide safer pedestrian 

facilities and  install  landscape features along Muldoon Road from  just north of Debarr Road to  just south of the 

Glenn Highway  interchange  in Anchorage. The project was constructed  in three phases, and the final phase was 

completed in 2012. See Figure 3 in Appendix B for an overview of the project area. 

The project corridor  is surrounded primarily by commercial and  industrial areas that are  largely  impervious. The 

project’s  LID  technique was  to  reduce  impervious  cover  in  the  project  corridor  through  the  use  of  landscape 

features. Before  the  project was  constructed,  all  runoff  from  the  project  corridor  flowed  directly  to  the  local 

storm drain  system  and was  then discharged  to nearby Chester Creek, which  is  an  impaired water body.  The 

project’s LID goal was to reduce peak flows and total volume of runoff to the receiving water body by reducing 

impervious cover.  

The landscape features are not specifically designed to accept stormwater runoff from adjacent impervious areas. 

The  project  does  include  a  few  locations  where  the  landscaping  is  located  at  a  lower  elevation  than  the 

surrounding impervious areas, and it is expected that stormwater runoff from the surrounding areas will flow into 

the  landscape beds. However, because this was not the design  intent and because there was not data available 

regarding the size or topography of the surrounding areas, this benefit was not able to be quantified in this report.  

3.1. Landscape Feature Details 

The landscape features installed for this project were designed to fit into available space between the roadway’s 

drivable surface and the edge of the right‐of‐way (ROW). Based on information obtained from the project’s design 

documents, the landscape planting beds used a variety of trees, shrubs, and flowers planted in free‐draining top 

soil.  The  surrounding  surface was  topped with wood‐chip  based mulch.  The  landscape  features  also  included 

decorative walls of various sizes. 
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3.2. Monitoring and Reporting Plan 

To demonstrate the impact of the landscape areas on flow reduction to the receiving system, inflow and outflow 

hydrographs were developed for two cases.  

1. Case 1 is the hypothetical case of the project constructed without a LID. In this case, runoff from the project 

corridor is routed directly offsite where it would eventually flow into Chester Creek.  

2. Case  2  is  the  LID  case  that  was  constructed  with  pervious  landscape  features  throughout  the  project 

corridor. 

3.2.1. Hydrograph Development 

Similar  to  the  West  Dowling  Road  project,  discharge  hydrographs  were  developed  using  SWMM.  Basin 

characteristics and other notable input parameters for both cases are presented in Table 5.  

Table 5: Muldoon Basin Characteristics 

Basin 
Characteristic 

Case 1: No LID 
Case 2: Pervious 

Landscape 
Areas 

Basin Size (acres)  3.3  3.3 

Percent 
Impervious 

100%  82% 

Runoff Routed to  Outlet  Outlet 

Infiltration Method Horton  Horton 

Routing Method 
Dynamic 

Wave 
Dynamic Wave 

 

The project area was defined as the area from the existing curb line to the edge of the ROW. The size of this area 

was  obtained  from  the  project  design  drawings.  The  project  also  included  several  temporary  construction 

easements outside of  the ROW, but because  these areas were only  temporarily disturbed and did not  include 

permanent features, they were not included in the total project area.  

For Case 1,  the project  area was  assumed  to be  completely  impervious with  all  runoff  flowing directly  to  the 

receiving system. This represents the case of the project constructed with no LID. 

For Case 2, the project area includes the new pervious landscape areas. Infiltration into the landscape areas was 

computed using Horton’s method within SWMM (see Table 6). The Horton’s method parameters were selected 

based on  the  topsoil and mulch properties  from  the design documents and on  recommended values  from  the 

EPA’s  Technical  Guidance  on  Implementing  the  Stormwater  Runoff  Requirements  for  Federal  Projects  under 

Section 438 of the Energy  Independence and Security Act. The project’s design and construction records did not 

provide details regarding the  infiltrative properties of the native soil below the engineered  landscaping. For this 

reason, accurate estimation of infiltration capacity is limited. The values selected are expected to be conservative 

for topsoil. 
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Table 6: Muldoon Horton Parameters for Runoff 

Horton Parameters for Runoff 

Maximum Infiltration 
Rate (in/hr) 

5 

Minimum Infiltration 
Rate (in/hr) 

0. 5 

Decay Constant 
(1/hr) 

4 

 

The project’s impact on peak flow and total runoff volume was evaluated for three rainfall events.  

1. Event 1: The  first event was  the 90th percentile  rainfall event as described  in  the MOA’s current APDES 

permit. This event was 0.52 inch of rain in a 24‐hour period. For Event 1, the rainfall was assumed to be 

evenly distributed in order to produce a hydrograph. In reality, the 90th percentile event has a distribution 

that varies for each storm event. However, the evenly distributed case would represent the most gentle 

distribution. Based on the results of this storm event, other possible distributions were not modeled. 

2. Event 2: This event occurred on August 1, 2012 and resulted in 0.19 inch of precipitation in 24 hours. This 

event was selected because it represented a small, frequent rainfall event that is common for Anchorage. 

LID techniques are typically intended to capture these types of events.  

3. Event 3: This event was  the  theoretical 10‐year, 24‐hour rainfall event  for Anchorage, as defined  in  the 

MOA’s DCM. This rainfall event was 1.77 inches distributed over 24 hours using the NRCS Type 1 rainfall 

distribution.  

In addition to the hydrograph development, the project was also visually inspected in August of 2012.  

3.3. Results 

3.3.1.  Hydrograph Results 

The resulting hydrographs for both cases and the three storm events are shown in Figure 7, Figure 8, and Figure 9 

below.  
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Figure 7: Event 1 ‐ Muldoon Landscaping 

 

 

Figure 8: Event 2 ‐ Muldoon Landscaping 
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Figure 9: Event 3 ‐ Muldoon Landscaping 

 

 

Table 7 shows the peak flow and total volume of runoff for each case. Full modeling output reports are included in 

Appendix E.  

Table 7: Muldoon Bioswale Runoff Results Summary 

Case 

Event 1: 90th 
Percentile Event, 
Evenly Distributed 

Event 2: Common 
Event as seen  
on 8‐1‐12 

Event 3: 10‐year, 24‐hour 
Event 

Peak Flow 
(cfs) 

Runoff 
Vol (cf) 

Peak 
Flow (cfs) 

Runoff 
Vol (cf) 

Peak Flow 
(cfs) 

Total Runoff 
Volume (cf) 

Case 1 ‐ 
Hypothetical No LID 

0.07  5,489  0.12  1,699  3.59  20,473 

Case 2 ‐ Pervious 
Landscape Areas 

0.06  4,487  0.1  1,394  2.9  16,771 

 

The modeling results show that for all three rainfall events, the landscape features result in a noticeable reduction 

of  both  the  total  volume  and  the  peak  discharge  from  the  site. However,  not  all  of  the  runoff  from  the  90th 

percentile event or the August 1, 2012 event is captured.  
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3.3.2. Visual Monitoring Results 

The visual monitoring of  this project  resulted  in a  few concerns about  the  longevity of  the  landscape  features. 

During an August 1, 2013 site visit, it was noted that most of the landscape beds had collected sand from roadway 

maintenance on top of the mulch and topsoil. Over time, if the sand loading is not controlled or if the mulch and 

topsoil are not regularly replaced, the sand is likely to reduce the infiltrative capacities of the landscape beds and 

thereby reduce their overall performance.  

During  the same site visit,  it was also noted  that  in some cases,  the decorative  landscape walls were placed  in 

locations that will  inhibit the infiltrative performance of the landscaping. For example, in at least one location, a 

parking  lot  immediately  adjacent  to  a  landscape  bed  is  sloped  toward  the  landscaping,  but  the  landscaping 

includes  a  decorative  wall  near  the  upstream  edge,  which  limits  the  amount  of  stormwater  runoff  from  the 

adjacent property that can enter the pervious area. In addition to reducing infiltration, this design is anticipated to 

be problematic for drainage and the stability of the landscape wall during spring breakup conditions.  

It was also noted that the surface of the landscape beds are, in most cases, flush with the surrounding sidewalk. 

During  large  rainfall  events  or  high wind  events,  it  is  expected  that  some  of  the mulch  and  topsoil  from  the 

landscaping may wash  away.  This would  reduce  the  landscape’s  stormwater  performance  and  add  additional 

sediment to the receiving system.  

3.4. Conclusions and Recommendations for Future Projects 

Although  this  project  does  result  in  a  measurable  decrease  in  peak  flow  and  runoff  volume  to  the  receiving 

system,  the  project  performance  could  likely  be  enhanced  with  a  few  design  changes.  The  following  list 

summarizes  the  recommended  changes  for  future  projects  that  incorporate  landscaping  as  a  stormwater  LID 

technique.  

1. Design the landscape features to accept stormwater runoff from the surrounding areas. If the project has 

limited amounts of space, this could be achieved through installation of a subdrain pipe that connects to 

the storm drain system. This would allow the  landscaping to accept water from a  larger area, achieving 

maximum retention benefits while also providing detention and stormwater cleaning prior to discharge. 

2. Include  a  freeboard depth  and  an overflow mechanism  that would prevent erosion of  the  topsoil  and 

mulch during large flow events. Provide more thorough vegetative cover that would stabilize the soil and 

help prevent erosion. This would also improve the infiltrative capacity of the soil. 

3. Omit the landscape walls since they can actually impede drainage and add a small amount of impervious 

surface. 

4. Require  regular maintenance of  the  top  soil  and mulch  to  ensure  that  it does not  clog due  to winter 

sanding. 
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4. Russian Jack Springs Park Improvements (MOA) 

The Russian Jack Spring Park (RJSP) project was a joint effort between the MOA Parks and Recreation Department 

(Parks)  and  the MOA  Project Management  and  Engineering  (PM&E) Watershed Management  Services  (WMS) 

division. The project is located at 821 Pine Street in Anchorage, which is south of 6th Avenue, and north of Debarr 

Road (see Figure 4, Appendix B). The purpose of the project was to provide improved parking and safer pedestrian 

facilities for park users. The RJSP parking lot is used in the summer months for access to the softball fields located 

north and south of  the parking  lot.  It  is also used year‐round  for access  to  the park's popular  trail system. The 

project  improvements  included: demolition of  the park's existing, deteriorated  tennis courts; replacing existing, 

deteriorated gravel parking with paved parking; providing  safe pedestrian access around  the parking area; and 

visually  enhancing  the parking  area with new  landscape  features. WMS worked with Parks  to  incorporate  LID 

techniques  into  the parking  lot design  instead of  connecting  the new parking  lot  to  the municipal  storm drain 

system that runs along Pine Street. The project construction was completed in the early summer of 2013. 

The project’s  LID  features  include porous asphalt and an underground  infiltration gallery. These  features were 

selected for the site based on site conditions and maintenance constraints. The site’s soil conditions were found 

to vary significantly with depth. At a depth of four to six feet from the surface, the native soils are very silty with a 

slow percolation rate (approximately 0.12 inch per hour). At a depth of eight feet and deeper, the soils change to 

a gravely sand with a percolation rate of six inches per hour and greater (see soil information in Appendix F). The 

combination of porous asphalt  in  the more  slowly‐draining,  shallow  soil and  an  infiltration gallery  in  the well‐

draining, deeper soil was used to accept stormwater runoff from the parking lot up to the 100‐year, 24‐hour event 

without discharge  to  the municipal storm drain system. These  features also worked well with  the maintenance 

plans for the site, as discussed further below. 

 

 

Muldoon landscape area and 

decorative wall 

Muldoon landscape area and 

decorative wall 
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4.1. LID Feature Details 

4.1.1.  Porous Asphalt 

The  new  parking  lot  and  surrounding  sidewalks  are  approximately  44,400  square  feet.  The  parking  lot  is  a 

combination of  traditional asphalt pavement and porous asphalt pavement. There are  three sections of porous 

asphalt totaling 14,288 square feet or approximately 32 percent of the parking lot area (see Figure 3 in Appendix 

B).  The project designers worked with  Parks maintenance personnel  to determine  the  ideal placement of  the 

porous asphalt  for  improved  long‐term performance of  the asphalt.  If porous asphalt  is  regularly snow plowed 

and then sanded  for traction,  it requires vacuum sweeping  to prevent the  fine sand particles  from clogging the 

voids  in  the asphalt  (the plowing  itself  is not expected  to be problematic  for porous asphalt, but plowing and 

sanding  is  usually  performed  in  conjunction.)  Parks’  ability  to maintain  the  asphalt  is  limited  to  their  existing 

maintenance  equipment,  and  the  porous  asphalt  is  not  able  to  be  vacuum  swept.  For  this  reason,  project 

designers located the asphalt in portions of the parking lot that will not be opened for winter use, and therefore 

will not be sanded. 

A typical section for the RJSP porous asphalt is provided in Figure 10. 

Figure 10: Typical Porous Asphalt Section 

 

 

 

 

 

 

Two of the three porous asphalt sections were installed with a perforated subdrain near the top of the asphalt’s 

structural section. One section was  installed without  the subdrain  in order  to compare  the performance of  the 

two  types.  The  porous  asphalt was  designed  to  store  and  infiltrate  up  to  the  10‐year,  24‐hour  rainfall  event 

without  contributing  flow  to  the  infiltration  gallery.  In  the  event  that  the  asphalt’s  structural  section  should 

become  filled with water  in excess of  this amount, water would be collected  in  the subdrain pipe and directed 

away from the asphalt. The subdrain pipes are routed to the subsurface infiltration gallery (see details below) via 

an on‐site storm drain system.  

A shallow monitoring well is installed in each section of porous asphalt in order to monitor the water levels in the 

asphalt structural section. 

4.1.2. Subsurface Infiltration Gallery 

Runoff from the non‐porous asphalt and any excess water from the perforated subdrain under the porous asphalt 

is directed to the subsurface  infiltration gallery. The gallery  is a Contech Chambermaxx system made up of  five 

3” Porous Asphalt 

24” Rock Aggregate  
(3/4” minus, 40% voids)

Usable Excavation (Type III) 

Perforated 
subdrain

Non-woven 
Geotextile

Native Soil 
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individual storage chambers. These chambers are designed to store and infiltrate water as soil capacity becomes 

available. A typical section and associated photo of the subsurface infiltration gallery are provided in Figure 11. 

Figure 11: Typical Infiltration Gallery Section 

 

 

 

 

 

 

 

 

The  gallery  was  installed with  inspection  ports  (see  Figure  11)  to monitor  the water  levels  in  each  individual 

chamber. The chamber system does not have a secondary outlet. Combined with the porous asphalt storage area, 

it was designed to accept rain events up to the 100‐year, 24‐hour event.  

4.2. Monitoring and Reporting Plan 

In order to monitor the performance of the RJSP LID features, HDR installed monitoring equipment to record data 

from  July  10  through  October  11  of  2013.  The  recording  period  included  all  of  September  2013,  which  was 

reported  by  the  National  Climatic  Data  Center  (NCDC)  to  be  the  second  wettest  September  on  record  for 

Anchorage with 5.56 inches of rain that month. The monitoring equipment included a v‐notch weir and a system 

of pressure transducers as well as a tipping bucket rain gauge. The rain gauge was installed to provide an accurate 

record of  inflow to the parking  lot. Due to concerns of  local vandalism, the rain gauge was  installed on the roof 

top of nearby Wonder Park Elementary School, which is approximately 0.4 mile from the parking lot. This location 

also helped ensure  that rainfall data was not  influenced by  trees or other buildings. Rainfall data  is  included  in 

Appendix F. 

To monitor  the  flow  leaving  the parking  lot,  the v‐notch weir and  two pressure  transducers were  installed  in a 

manhole upstream of the infiltration gallery and its associated oil and grit separator. The weir was installed in the 

outflow pipe of the manhole so that all water leaving the parking lot and heading into the infiltration gallery was 

measured. By recording the amount of inflow and outflow from the parking lot, the impact of the porous asphalt 

can  be  measured  and  compared  to  a  theoretical  case  of  the  parking  lot  constructed  with  all  traditional, 

impervious asphalt. In the case of a completely impervious parking lot, it was assumed that rainfall inflow would 

be  the  same as parking  lot outflow, as  the parking  lot would provide no  infiltration and  very  little depression 

storage. Outflow data is also included in Appendix F. 
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Non-woven 
Goetextile 

Chamber 



MOA and ADOT&PF  
2013 Low Impact Development Project Performance Monitoring Report 

 

AWR Engineering, LLC  Page 20 of 35 
 
  

In  addition  to  the  instrumentation,  the  porous  asphalt  monitoring  wells  were  manually  checked  periodically 

during the same period. The performance of the infiltration gallery was monitored during this period by periodic 

inspection of the water levels through the inspection ports. 

4.2.1.  Hydrograph Development 

In  order  to  obtain  information  on  the  parking  lot  performance  for  various  rainfall  events,  inflow  and  outflow 

hydrographs  were  developed  for  three  storm  events,  as  recorded  by  the  project  rain  gauge  at  Wonder  Park 

Elementary School. Events 1 and 2  represent  the  two  largest, 24‐hour  rainfall events  that occurred during  the 

recording period. Event 3 represents the longest period of consecutive days (nine) of rainfall during the recording 

period  and  demonstrates  the  parking  lot  performance with  numerous  small,  frequent  rainfall  events  that  are 

common in Anchorage during the rainy season.  

1. Event 1 occurred on September 4 and resulted in 1.33 inches of rainfall in a 24‐hour period. 

2. Event 2 occurred on September 25 and resulted in 0.99 inch of rainfall in a 24‐hour period. 

3. Event 3 occurred from August 16 to August 24 and resulted in a total of 2.31 inches of rain. The maximum 

daily rainfall during this period was 0.48 inch and the minimum was 0.03 inch. 

Rainfall	Hyetographs	and	Inflow	Hydrographs	
 Rainfall hyetographs were developed based on  the recorded rain gauge data. The gauge provided a depth and 

time  reading each  time 0.01  inch of  rainfall entered  the  tipping bucket.  In order  to produce a meaningful and 

“smooth” hyetograph, these readings were summed into thirty‐minute time intervals for Events 1 and 2. A thirty‐

minute time interval was selected in order to minimize oscillation of the hyetograph because of very short bursts 

of intense rain and periods of little or no rain. This time interval also provides a meaningful visual representation 

of rainfall intensity. Rainfall intensity is most commonly reported and understood in inches per hour. Thus, a very 

intense burst of rain that  lasted only a few minutes was found to cause visually misleading peaks  in the rainfall 

graphs  if a smaller time  interval was selected. For Event 3, this time  interval was  increased to one hour for the 

same reasons and for manageability of the data. Figure 12, Figure 13, and Figure 14 show the rainfall hyetographs 

for Events 1, 2 and 3 respectively. 
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Figure 12: Russian Jack Rainfall Hyetographs 

 

Figure 13: Russian Jack Rainfall Hyetographs 
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Figure 14: Russian Jack Rainfall Hyetographs 

 

 

0

0.02

0.04

0.06

0.08

0.1

0.12

8/15/2013 8/18/2013 8/21/2013 8/24/2013

R
ai
n
fa
ll 
D
e
p
th
 (
in
ch
e
s)

Date



MOA and ADOT&PF  
2013 Low Impact Development Project Performance Monitoring Report 

 

AWR Engineering, LLC  Page 23 of 35 
 
  

The rainfall hyetographs were converted to parking lot inflow hydrographs by multiplying the rainfall depth by the 

parking  lot  contributing  area.  The  inflow  hydrographs  were  assumed  to  represent  the  case  of  the  project 

constructed with all  traditional, non‐porous asphalt.  In  reality,  rainfall on an  impervious parking  lot would not 

directly correlate to runoff due to factors such as depression storage and associated evaporation from the asphalt 

surface. The exact rainfall reduction as a result of these factors varies from site to site but typically ranges from 

five to 10 percent of the rainfall amount. Newer asphalt typically produces more runoff than older asphalt. For the 

purposes  of  this  analysis,  depression  storage  and  evaporation  from  a  theoretical  parking  lot  constructed  of 

traditional asphalt was not accounted for, as it is expected to be insignificant.  

It should be noted that the parking lot contributing area was selected based on the design topography of the site. 

However,  it was noted during site visits that the grassy area east of the parking  lot, which was designed to flow 

away  from  the parking  lot, was  contributing  runoff  into  the parking  lot. Because  soil  information  and  as‐built 

topography of the area was not available, this additional contributing runoff could not be accurately quantified. If 

runoff  from  this area were accounted  for,  it would  result  in an  increase of  the  inflow hydrographs. The rainfall 

inflow hydrographs are shown with the outflow hydrographs in Section 4.3 below. 

Outflow	Hydrographs	
 Measured  outflow  hydrographs  were  developed  based  on  the  readings  from  the  pressure  transducers.  The 

pressure transducers recorded the depth of water over the v‐notch weir, which was then converted to a flow rate 

using the following standard equation for a 90‐degree, v‐notch weir.  

2.49	 .  

Where: 

Q = discharge over weir in cubic feet per second 

h = head on the weir in feet 

Recordings were  taken  every  five minutes  for  the  first  part  of  the monitoring  period,  and  the  frequency was 

increased to every one minute on August 15. In order to provide a smooth outflow hydrograph comparable to the 

inflow hydrograph,  these  readings were  averaged over 30‐minute  intervals  for Events 1  and 2  and over  a 60‐

minute interval for Event 3. The outflow hydrographs are shown with the inflow hydrographs in Section 4.3 below. 

4.3. Results 

4.3.1. Porous Asphalt Performance 

The  performance  of  the  porous  asphalt  is  shown  in  the  following  hydrographs  (see  Figure  15,  Figure  16,  and 

Figure 17). These hydrographs  illustrate both the rainfall  inflow to the parking  lot and the measured parking  lot 

outflow for each of the three storm events. 
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Figure 15: Event 1 Russian Jack Inflow and Outflow Hydrographs 

 

Figure 16: Event 2 Russian Jack Inflow and Outflow Hydrographs 
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Figure 17: Event 2 Russian Jack Inflow and Outflow Hydrographs
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As shown  in  the above hydrographs,  the porous asphalt significantly  reduced both  the peak  flow and  the  total 

volume  of  stormwater  runoff  from  the  parking  lot  in  all  three  rainfall  events  evaluated. As  noted  above,  this 

reduction  would  be  even  more  significant  if  the  additional  contributing  area  east  of  the  parking  lot  were 

accounted for.  

A comparison of inflow and outflow peak flow and total volume is provided in Table 8. 

Table 8: Russian Jack Runoff Results Summary 

Storm Event  

Runoff Volume  Peak Flow 

Inflow 
Volume (cf) 

Outflow 
Volume (cf)

Percent 
Decrease 

Inflow Peak 
(cfs) 

Outflow 
Peak (cf) 

Percent 
Decrease 

Event 1, September 4  4,919  3,443  30%  0.21  0.17  19% 

Event 2, September 25  3,662  1,270  65%  0.23  0.11  52% 

Event 3, August 16 to 
August 24  8,544  4,853  43%  0.10  0.06  40% 

 

Note that the RJSP parking lot is graded such that some runoff from the non‐porous asphalt flows onto the porous 

asphalt. Therefore, the percent decrease  in runoff  is not a direct correlation to the percent of porous asphalt  in 

the parking lot. A general drainage schematic is provided in Figure 18, and a site figure is provided in Appendix B. 

Figure 18: Russian Jack Drainage Schematic 
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The variation in percent decrease of peak flow and volume is expected to be a result of the rainfall intensity and 

the unaccounted  for grassy area east of  the parking  lot. Under  slower  rainfalls with  lower  intensity, water has 

more time to naturally percolate into the ground. However, under heavy rains or in very saturated conditions, the 

grassy  area will produce more  runoff, which  flows onto  the parking  lot.  This  runoff would  then  flow  into  the 

manhole that was measuring parking lot outflow and into the infiltration gallery. Thus, the extra runoff would be 

accounted for in the outflow volume, but not the inflow volume.  

It  is also expected  that under higher  rainfall  intensity, more water enters  the perforated  subdrain  through  the 

pipe perforations, which are oriented approximately 65 degrees from the top of the pipe on both sides (see Figure 

19). The monitoring wells in the porous asphalt section were measured on August 20, August 29, September 25, 

and October 10. Each time, the water surface elevation was below the design elevation of the perforated subdrain 

pipe. During a site visit on September 25, small amounts of water were observed to be entering the on‐site storm 

drain system from the subdrain network, but the flow was not significant enough to indicate that the perforated 

pipe  was  submerged.  It  is  reasonable  to  assume  that  the  observed  flow  was  from  water  entering  the  pipes 

through the perforations. 

Figure 19: Perforated Subdrain Schematic 

 

 

 

 

 

 

  

4.3.2. Subsurface Infiltration Gallery 

The water  levels  in  the  infiltration gallery were measured on  the  following dates during  the  recording period: 

August 20, August 22, August 29, September 25, and October 10. In each case, no standing water was observed in 

the five chambers of the gallery. This shows that the infiltration gallery was able to accept and infiltrate all of the 

water coming into it in a relatively short amount of time. The volume of water entering the gallery for each of the 

three  storm  events  is  equivalent  to  the  outflow  volume  in  Table  8  above.  This  performance  exceeds  design 

expectations. 

4.4. Conclusions and Recommendations for Future Projects 

The RJSP project is the first porous asphalt project completed in Anchorage. The monitoring results show that it is 

performing well, but consideration of the following factors is recommended prior to selecting porous asphalt as a 

stormwater management technique: 

Porous Asphalt Surface 

Perforated Subdrain Pipe 
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1. Cold Climate Performance. The design and construction community have strong reservations about the 

porous asphalt’s  long‐term performance  in Anchorage’s cold climate. The RJSP parking  lot was observed 

during the winter of 2012 and spring breakup of 2013 and was found to perform very well under these 

circumstances. Because  the parking  lot was not  fully  completed at  this  time,  it was not opened  to  the 

public  and was  not  snow‐plowed. On  the  traditional,  impervious  asphalt,  snowmelt  caused  significant 

glaciation  and  icing.  But  on  the  porous  asphalt,  snowmelt was  able  to  flow  immediately  through  the 

asphalt  and  no  glaciation occurred. As  a  result,  the porous  asphalt  sections of  the parking  lot melted 

faster  than  the  traditional  asphalt  sections  and  were  safer  for  pedestrians.  The  porous  asphalt  also 

reduced  spring  snow‐melt  flows and associated pollutant  loading. However,  the 2013 breakup was  the 

first breakup after parking lot construction. The parking lot performance during breakup should continue 

to be monitored into the future to obtain information related to the asphalt longevity. 

2. Maintenance. The long term performance of the RJSP parking lot will depend heavily on how the parking 

lot is maintained. Due to the inability to vacuum sweep the parking lot, it is critical that the porous asphalt 

areas are not regularly sanded. Additionally, debris from surrounding trees and on‐site landscape features 

should be swept off the parking  lot at  least twice per year. This will help keep particulate matter out of 

the  asphalt pores  as well  and help minimize  clogging of  the  infiltration  gallery.  Future projects  should 

ensure that the facility’s owner is capable of properly maintaining the porous asphalt in accordance with 

its intended use. 

3. Applicability.  The  RJSP  parking  lot  is  unique  in  that  only  a  portion  of  it  is  plowed  and  sanded  for 

wintertime use. This is not the case with most parking lots in Anchorage, and, as discussed above, sanding 

porous  asphalt  requires  vacuum  sweeping  to  maintain  the  integrity  of  the  porous  asphalt.  If  vacuum 

sweeping becomes an available maintenance option for Anchorage, the use of porous asphalt could be a 

very effective stormwater management technique, particularly for areas that have more slowly draining 

soils. Until that time, porous asphalt is still a good alternative for areas that do not require regular sanding 

such as overflow parking areas, paved playgrounds, tennis courts, etc. 

4. Design Considerations. Porous asphalt requires careful design by a knowledgeable geotechnical engineer. 

As  shown  in  this project,  it  can perform well  in  the  right  situations, but  careful  consideration must be 

given to the characteristics of the native soil, the asphalt subgrade, and the asphalt’s interface with other 

materials and subgrades. These and other factors should be considered by a geotechnical engineer in the 

asphalt mix and structural section design process.  

5. Construction  Coordination. During  the  design  and  construction  process, WMS  and  the  project  design 

team  gained  valuable  knowledge  regarding  the  construction  and  maintenance  challenges  that  similar 

future  projects  might  face.  It  is  recommended  that  careful  consideration  be  given  to  construction 

sequencing to ensure that construction practices do not compromise the site conditions for which the LID 

techniques were designed. Additionally, it is critical to have on‐site inspectors that are familiar with both 

LID concepts and the overall project design intent.  
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Russian Jack Springs Parking Lot, 9/25/13 

Russian Jack Springs Parking Lot, 9/11/13 
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5. Taku Lake Rain Garden (MOA)  

The Taku Lake Rain Garden project was completed by the MOA as part of an effort to improve a localized drainage 

and flooding problem at the Taku Lake parking lot. Taku Lake is located in Anchorage, north of Dimond Boulevard 

and west of King Street. The Campbell Creek trail  is adjacent to the  lake, and the area  is popular year‐round for 

recreational activities including walking, running, skiing, biking, and motorized miniature boats. The paved parking 

lot  is approximately 12,150 square  feet, and runoff  from the parking  lot and surrounding area originally  flowed 

directly into Taku Lake via overland flow. The west portion of the parking lot was experiencing localized flooding 

and seasonal glaciation due to poor grading and drainage. The MOA needed to repair this deficiency and saw an 

opportunity  to  concurrently  improve  the  runoff  quality  and  decrease  runoff  quantity  into  Taku  Lake  by 

incorporating LID into the repair. The MOA designed and constructed a large rain garden on the southwest side of 

the parking lot to intercept overland flow before it discharges to Taku Lake. The general project area is shown in 

Figure 5 in Appendix B. 

5.1. Rain Garden Details 

The Taku Lake Rain Garden  is approximately 1,400  square  feet, and  is  located approximately 60  feet  from  the 

normal edge of water of Taku  Lake. The  local average groundwater  table  is approximately  five  feet below  the 

surface at the rain garden location. The rain garden consists of approximately 1.3 feet of amended topsoil on top 

of 2.3 feet of large drain rock. The drain rock is surrounded by geotextile separation fabric. A four‐inch diameter 

perforated drain pipe was installed one foot from the bottom of the rain garden to collect excess water that is not 

infiltrated into the native subgrade. The perforated drain pipe discharges at the west end of the rain garden near 

the edge of Taku Lake. The MOA planted a variety of native vegetation  in the rain garden  including wildflowers, 

ferns,  and  grasses.  The  perimeter  of  the  rain  garden  is  lined  with  large  rock  boulders.  The  rain  garden  has 

approximately one foot of surface freeboard. 

The  rain garden was designed  to accept  runoff  from  smaller, more  frequent  rainfall events. Water beyond  the 

design capacity is either collected in the subdrain or is allowed to overflow from the rain garden and flow into the 

lake via overland flow. Figure 20 below shows the rain garden and its contributing area. 
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Figure 20: Taku Lake Rain Garden Site 

 

5.2. Monitoring and Reporting Plan 

To monitor the performance of the Taku Lake Rain Garden, on‐site  instrumentation was  installed and data was 

collected  from  July  19  to  October  17  of  2012.  The  instrumentation  and  data  collection  was  performed  by 

Hattenburg Dilley & Linnell, LLC. The instrumentation included a tipping‐bucket rain gauge installed near the rain 

garden outlet and a pressure transducer  installed  inside the outlet pipe, just upstream of where  it discharges to 

the lake.  

The rain gauge was intended to provide a record of the rainfall patterns at the project site. However, the project 

rain gauge data was compared to data from other Anchorage rain gauges through data available from the NCDC. 

According to NCDC, the month of September  in 2012 was the wettest September on record for Anchorage. The 

gauges at Merrill Field airport, AIA, and Rabbit Creek No. 2 reported 6.04 inches, 6.49 inches, and 8.64 inches of 

rain for the month, respectively. The project rain gauge at Taku Lake only reported 2.6 inches. This rain gauge was 

located  in  a  publically  accessible  location,  and  it  is  suspected  that  the  gauge  was  tampered  with  during  the 

recording period. The  rain  gauge data was  considered not  reliable  and was not used  for  this project.  Instead, 

hourly  rainfall data  for  July, August, and September of 2012  for AIA  from  the NCDC was used  in  this analysis. 

These data are included in Appendix G. 

The pressure  transducer was  intended  to detect water  levels  inside  the pipe which could  then be converted  to 

flow rates. The pressure transducer recorded absolute pressure every 20 minutes for the recording period, but did 

not accurately account for changes in pressure due to variations in local barometric pressure. In order to correct 
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for fluctuations  in barometric pressure, the transducer data was averaged for each hour and the average hourly 

pressure was then correlated to hourly barometric pressure data obtained from the NCDC for AIA. To ensure that 

barometric pressure was not likely to vary significantly from the project site to AIA, the AIA barometric pressure 

readings were compared to the Merrill Field barometric pressure readings and were found to be nearly identical. 

Both the original pressure transducer data and the corrected pressure readings are included in Appendix G 

In  addition  to  the  instrumentation,  the project was  visually monitored during  the  instrumentation period  and 

during the late summer and fall of 2013. 

For comparison to a theoretical event of no LID,  it was assumed that all of the runoff  in the project area would 

flow directly to Taku Lake. This represents the scenario before the rain garden was constructed. 

5.2.1. Hydrograph Development 

In order  to obtain  information on  the  rain garden performance  for different rainfall events,  inflow and outflow 

hydrographs were developed for two storm events. 

1. Event 1 occurred on July 21, 2012 and resulted in 0.53 inch of rainfall in a 24‐hour period (this is the same 

rain event that was used for West Dowling Road, Event 1b). 

2. Event 2 occurred on September 19, 2012 and resulted 1.41 inches of rainfall in a 24‐hour period. 

Event 1  is nearly  identical to the 90th percentile event for Anchorage, which  is required for onsite retention per 

the current APDES permit. Event 2 represents the largest rain event that occurred during the recording period and 

is only 0.36 inch less than Anchorage’s 10‐year, 24‐hour event. 

Rainfall	Hyetographs	and	Inflow	Hydrographs	
 Rainfall hyetographs were developed based on the AIA hourly rainfall data. The hyetographs are shown in below 

in Figure  and Figure 21. 
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Figure 21: Event 1 ‐ Taku Lake Rainfall Hyetographs 

 

Figure 21: Event 2 ‐ Taku Lake Rainfall Hyetographs 
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The  rainfall  hyetographs were  converted  to  inflow  hydrographs  by multiplying  the  estimated,  effective hourly 

rainfall depth by  the contributing area. The contributing area  includes  the entire Taku Lake parking  lot  (12,150 

square  feet)  and a portion of  the parking  lot access drive  (approximately 8,800  square  feet). A portion of  the 

inflow  from  the  access  drive  is  being  collected  in  a  municipal  storm  drain  system,  but  much  of  the  flow  is 

bypassing  the  storm  drain  inlet  and  flowing  into  the  parking  lot  and  then  to  the  rain  garden.  It was  roughly 

estimated, based on observations from site visits, that 75 percent of the flow from the access drive  is bypassing 

the storm drain inlet. The contributing area also includes a small portion of pervious area south of the rain garden 

on a significant hill. This area is mostly grassy, with a small portion that is treed. For this analysis, it was assumed 

that 30 percent of the rainfall in the pervious area would become runoff and enter the rain garden. As discussed 

in Section 4.2.1, potential depression storage on the existing asphalt was not included in the analysis. 

Because the contributing area is fairly small, it was assumed that rainfall would contribute flow to the rain garden 

with a very short time of concentration. Thus, any  lag time between the rainfall and the  inflow hydrograph was 

considered negligible. The  contributing area was delineated based on  the MOA’s  four‐foot  contour data, MOA 

2009 aerial imagery, and observations from project site visits.  

Outflow Hydrographs. Outflow  from  the  rain garden was based on  the pressure  transducer  readings after  they 

were  corrected  for  barometric  pressure.  The  water  depth  readings  from  the  transducer  were  converted  to 

discharge flow rates using Manning’s equation. A Manning’s “n” value of 0.013 was selected for the perforated, 

plastic discharge pipe, and a pipe slope of 0.5 percent was used based on the MOA design drawings for the rain 

garden. These computations are included in Appendix G. 

The rainfall inflow and outflow hydrographs are shown in the Section 5.3 below. 

5.3. Results 

5.3.1.  Hydrograph Results 

The resulting inflow and outflow hydrographs for both rain events are shown in Figure 22 and Figure 23 below. 
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Figure 22: Event 1 ‐ Rain Garden Inflow and Outflow Hydrographs 

 

Figure 23: Event 2 ‐ Rain Garden Inflow and Outflow Hydrographs 

 

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0:00 6:00 12:00 18:00 0:00

Fl
o
w
 (
cf
s)

Time

Outlfow
Inflow

0.000

0.020

0.040

0.060

0.080

0.100

0.120

0:00 6:00 12:00 18:00 0:00

Fl
o
w
 (
cf
s)

Time

Outflow

Inflow



MOA and ADOT&PF  
2013 Low Impact Development Project Performance Monitoring Report 

 

AWR Engineering, LLC  Page 36 of 37 
 
  

As shown in the above hydrographs, the rain garden significantly reduced both the peak flow and the total volume 

of  stormwater  runoff  from  the  parking  lot  in  both  storm  events.  Although  both  of  these  events  are  fairly 

significant,  the  first  portion  of  both  hydrographs  also  shows  that  the  rain  garden  would  produce  little  to  no 

discharge for smaller rain events that are common in Anchorage. 

A comparison of peak flow and inflow and outflow volume for both events is provided in Table 9. 

Table 9: Taku Lake Runoff Results Summary 

Storm Event  

Runoff Volume  Peak Flow 

Inflow 
Volume 
(cf) 

Outflow 
Volume (cf) 

Percent 
Decrease 

Inflow 
Peak (cfs)

Outflow 
Peak 
(cf) 

Percent 
Decrease

Event 1, 7/21/12  1,130  98  91%  0.05  0.01  84% 

Event 2, 9/19/12  3,006  1,589  47%  0.10  0.08  20% 

 

There are several factors influencing the accuracy of the outflow hydrographs that should be noted. 

1. The AIA barometric pressure  is  reported  to have  fluctuated  approximately 1.7  feet over  the  recording 

period  for this project. The rain garden outlet pipe  is only a  four‐inch pipe, so variation of a single  inch 

makes a  significant difference  in  computed outflow. Without barometric pressure data  from  the  same 

location  and  time  as  the  pressure  transducer  readings,  the  pressure  transducer  readings  cannot  be 

considered exact. 

2. The pressure transducer used to collect data in the outlet pipe was a Level Troll 700, made by In‐Situ. In‐

Situ literature states that this instrument can be considered accurate to within 0.1 percent of the full scale 

measurement being taken. In the case of Taku Lake, the instrument was reading an absolute pressure of 

approximately 33  to 34  feet of head, which correlates  to an allowable error of approximately 0.4  inch. 

Without exact barometric pressure readings,  it  is difficult to determine  if some of the reported pressure 

fluctuations were due to atmospheric changes or if the fluctuations are the result of instrument error. For 

example, pressure  transducer  readings were  frequently  slightly negative. This  is assumed  to be due  to 

instrument  error  or  slight  differences  in  the  barometric  pressure  readings  as  described  in  the  first 

paragraph of the list. 

3. The  rain garden outlet discharges  to an area of  tall, unmowed grass. Water  from  the outlet pipe  then 

infiltrates into the ground or flows to Taku Lake. The grassy discharge area does not provide a free outlet 

for the discharge. During site visits when it was raining significantly, small amounts of ponded water were 

observed in the grass at the end of the outlet pipe. If the ponded water caused flow resistance, or back‐up 

into the outlet pipe, the pressure transducer readings would not accurately reflect actual discharge flow 

rates. 

4. At  the  beginning  of  the  2012  monitoring  period,  the  groundwater  elevation  at  the  project  site  was 

determined to be approximately five feet from the ground surface. According to design drawings provided 

by the MOA, the perforated subdrain outlet pipe is located approximately 3.3 to 3.6 feet from the surface. 
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The  bottom  of  the  rain  garden’s  drain  rock  layer  is  located  4.3  to  4.6  feet  below  the  surface.  Local 

groundwater  levels are expected  to have  risen during  the  recording period, as  seasonal peaks  typically 

occur  in the  late spring and  late  fall  in Anchorage. The magnitude of the groundwater  fluctuations vary 

based on the summer’s rainfall and the melting mountain snow pack, but is commonly two to ten feet. If 

the groundwater table at Taku Lake fluctuated two to ten feet, it would have risen above the perforated 

subdrain and caused additional outlet discharge.  

5.3.2.  Visual Monitoring Results 

The Taku Lake Rain Garden was also visually monitored during the  late summer and  fall of 2013. September of 

2013 is reported to be the second wettest September on record in Anchorage with 5.56 inches of rain reported at 

AIA.  Taku  Lake  was  visually  inspected  on  August  15,  September  4,  September  11,  and  September  25.  Small 

amounts of water were observed to be discharging from the outlet pipe during the September 11 and September 

25 site visits. Rainfall records show that these rainfall events resulted  in 1  inch and 1.14  inches of precipitation, 

respectively. Instrumentation was not in place during these rain events, so this outflow could not be quantified. It 

is also unclear if the flow observed in the discharge pipe was the result of surface water percolation through the 

rain garden or if the pipe may have intercepted groundwater during this very rainy month, as discussed above. 

5.4. Conclusions and Recommendations for Future Projects 

Based on all observations, the Taku Lake Rain Garden is performing well and exceeding design expectations. The 

project  implemented a LID as part of a drainage design solution, despite several site constraints  including a high 

groundwater table. The rain garden appears to be able to successfully infiltrate most water from rain events up to 

0.53  inch  and  is  significantly  decreasing  the  quantity  of  surface water  flow  into  Taku  Lake. During  larger  rain 

events, the rain garden is still providing a significant reduction of total volume and runoff of peak flow. Water that 

discharges to Taku Lake is also cleaner than it would otherwise be since it has been filtered by the rain garden’s 

plants and top soil, removing contaminants that is has picked up from the parking lot and access drive.  

Based  on  observations  of  this  facility’s  performance,  the  following 

recommendations have been developed for similar future projects: 

1. Consider  thorough documentation of  the  types of vegetation planted  in 

the  rain  garden  and how often  the  vegetation  requires  replacement or 

maintenance.  This  will  provide  better  long‐term  information  for 

bioretention facilities in Anchorage. 

2. Minimize the use of costly features such as the large rock boulders. Many 

projects cannot afford the expense of these types of items, and if they are 

seen as required, they may be a deterrent to a LID. 

3. If  the  project’s  performance  will  be  monitored  over  time,  provide  a 

downstream access point  for monitoring outflow, such as a storm drain 

structure.  

4. Monitor groundwater levels to determine if the groundwater is impacting 

the rain garden performance. 

Taku Lake Rain Garden 



Appendix A: APDES Permit Excerpt



                                                           Permit No.: AKS-052558 
Page 15 of 55 

c) Green Infrastructure/Low Impact Development (LID) Strategy and 
Pilot Projects. Within one year of the effective date of this permit, the 
permittees must develop a strategy to provide incentives for the increased 
use of LID techniques in private and public sector development projects 
within both the MOA and ADOT&PF jurisdictions.  The strategy must 
outline the methods of evaluating the Green Infrastructure/LID pilot 
projects described below. Permittees must begin implementation of the 
Green Infrastructure/LID Strategy and pilot projects within two years of the 
effective date of this permit.    

(i) Beginning with the 4th Year Annual Report, the permittees 
must report on and evaluate the status of five pilot projects 
that use LID concepts for on-site control of water quality.  
Projects must involve managing runoff from at least 10,000 
square feet of impervious surface.  At least three of the five 
LID pilot projects must be ADOT&PF-owned locations. 
Parking lot retrofits as required in Part II.B.2.c.vi  may be 
used as pilot projects.  At least two of the pilot sites must 
address drainage areas greater than five acres in size.  At 
least one pilot project must be located in the Chester Creek, 
Fish Creek, Campbell Creek, or Little Campbell Creek  
watersheds.

(ii) The permittees must monitor the performance of each pilot 
project and report the results beginning with the 4th Year 
Annual Report.  The permittees must 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 practices. 

For new construction projects, changes in runoff 
quantities shall be calculated for development scenarios 
both with LID practices and without LID practices. 

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 nature of 
impervious surfaces. 

The permittees must use these runoff values to 
evaluate the overall effectiveness of various LID practices 
and to develop recommendations for future LID practices 
addressing appropriate use, design, type, size, soil type and 
operation and maintenance practices.  The permittees must 

The permittees must measure runoff flow rate and p
subsequently prepare runoff hydrographs to characterize q y p p y g p
peak runoff rates and volumes, discharge rates and p , g
volumes, and duration of discharge volumes.  The, g
evaluation must include quantification and description of q p
each type of land cover contributing to surface runoff for yp g
each pilot project, including area, slope, vegetation type p p j , g , p , g
and condition for pervious surfaces, and nature of p
impervious surfaces.

For new construction projects, changes in runoff p j , g
quantities shall be calculated for development scenarios q p
both with LID practices and without LID practices.
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use the recommendations to update their final LID criteria, 
as necessary, and utilize the information obtained through 
the LID pilot studies to revise the Storm Water Design 
Criteria Manual(s) no later than five years from the 
effective date of this permit. 

(iii) Rain Gardens. Within four years of the effective date of 
this permit, the permittees must evaluate the effectiveness 
of rain gardens located in one neighborhood and one 
public-private community partnership.  If feasible, pilot 
projects should be located within a TMDL watershed listed 
in Table II.C.  The permittees must quantitatively evaluate 
the effectiveness of the rain gardens as outlined in Part 
II.B.2.c.ii above.    

(iv) Riparian Zone Management. Within five years from the 
effective date of this permit, 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 examine the feasibility of 
reconstructing MS4 outfalls, and must disconnect at least 
one major MS4 outfall from discharging from receiving 
waters using vegetated swales or other appropriate 
techniques.   

(v) Repair of Public Streets, Roads or Parking Lots.  When 
public streets, roads or parking lots are repaired as defined 
in Part VII, the permittees must evaluate the feasibility of 
incorporating runoff reduction techniques into the repair 
using canopy interception, 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 feasible, the permittees must consider the use of such 
practices in the design and repair.  These requirements 
apply only to projects whose design is started after the 
effective date of this permit.  Beginning in the 4th Year 
Annual Report, the permittees must document and list the 
locations of street, road and parking lot repair work 
completed within the last 12 month period that has 
incorporated such runoff reduction practices. 

(vi) Parking Lot Retrofits.  Prior to the expiration date of this 
permit, each permittee must retrofit at least two public 
facility parking lots with  infiltration, evapotranspiration or 
reuse techniques designed to retain 100% of the parking lot 
runoff from the 90th percentile, 24 hour rainfall event. Each 
retrofit site must be located in a watershed draining to an 
impaired receiving water listed in Table II.C. The 
permittees must quantitatively measure the effectiveness of 
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1. Figure 1: Project Overview Map 

2. Figure 2: West Dowling Road (ADOT&PF) 

3. Figure 3: Muldoon Road Pedestrian and Landscaping Improvements (ADOT&PF) 

4. Figure 4: Russian Jack Springs Park Improvements (MOA) 

5. Figure 5: Taku Lake Rain Garden (MOA) 
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Figure 2: West Dowling Road (ADOT&PF)
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA,
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Figure 4: Russian Jack Springs Park Improvements (MOA)

Bo
nif

ace
 Pa

rkw
ay

Pin
e S

tre
et

Debarr Road

Glenn Highway

Streams
Project Area

±0 0.25 0.5 Miles

MOA and ADOT&PF
LID Monitoring and 
Reporting Results

Middle Fork Chester Creek



Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA,
USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo,

Figure 5: Taku Lake Rain Garden (MOA)
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Appendix C: West Dowling Soil Data

1. Soil Borings from DOWL HKM H&H Report, June 2009

2. Percolation Test Results, DOWL HKM, June 2013

3. USDA Soil Data, July 2013































In support to the rain garden for West Dowling Road, we conducted an infiltration test on 06-07-13. Prior to performing the 
test, we excavated a 6 foot deep test pit to collect information about the soils at the site. Based on the test pit, the soils consist 
of Silty Sand (SM) with 16% fines. Attached are the results of a particle size distribution test performed on a sample collected 
from the test pit.  

The infiltration test was conducted on undisturbed soil at 2 foot of depth. The infiltration rate observed was 45 inches per hour.  

Regards, 
Oscar Lage 

MEMORANDUM

Mike Gault, AK DOT/PF

Osca Lage

06-17-13

1122.60047.11

West Dowling Road Infiltration Test



Client:

Project:

Work Order:

ADOT & PF

WDR Construction  Support (Dowling)

D60047

6/7/2013

2013-698Lab Number

Received

Reported 6/11/2013

Size Passing Specification

3" 100%

2" 100%

1½" 100%

1" 100%

¾" 100%

½" 99%

⅜" 98%

#4 96%

Total Weight of Sample 2790.6g

#10 94%

#20 88%

#40 70%

#60 36%

#100 19%

#200 16.1%

Total Weight of Fine Fraction 389.7g

ASTM D422

Particle Size Distribution

Engineering Classification:

Frost Classification:

Silty Sand, SM

Not Measured

Location: TP-1 0-6 Dowling

Maria E. Kampsen, P.E  •  4041 B Street   •   Anchorage   •   Alaska   •   99503   •   907/562-2000   •   Fax 907/563-3953













Appendix D: West Dowling SWMMModeling Output



  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... KINWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:15:00
  Wet Time Step ............ 00:05:00
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 30.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.753         0.520
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.276         0.190
  Surface Runoff ...........         0.413         0.285
  Final Surface Storage ....         0.066         0.045
  Continuity Error (%) .....        -0.095

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.411         0.134
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.410         0.133
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.001         0.000
  Continuity Error (%) .....         0.000

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :    30.00 sec
  Average Time Step           :    30.00 sec
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Case 1: No LID - Event 1a, 90th Percentile Evenly Distributed



  Maximum Time Step           :    30.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     1.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     0.52       0.00       0.00       0.19       0.28        0.13     0.24   0.548

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  2                    JUNCTION     0.14     0.15     4.15     1  00:00
  CampbellCreek        OUTFALL      0.14     0.15     0.15     1  00:00

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  2                    JUNCTION      0.24     0.24     1  00:00       0.134       0.134
  CampbellCreek        OUTFALL       0.00     0.24     1  00:00       0.000       0.133

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek         98.47      0.21      0.24       0.133
  -----------------------------------------------------------
  System                98.47      0.21      0.24       0.133
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  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT      0.24     1  00:00      2.22    0.01    0.08

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Fri Oct 25 17:20:58 2013
  Analysis ended on:  Fri Oct 25 17:20:58 2013
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:01:00
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.751         0.518
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.630         0.434
  Surface Runoff ...........        -0.000        -0.000
  Final Surface Storage ....         0.122         0.084
  Continuity Error (%) .....        -0.022

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......        -0.000        -0.000
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.000         0.000
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
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Case 2: With LID Bioswale - Event 1a, 90th Percentile Evenly Distributed



  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     0.52       0.00       0.00       0.43      -0.00       -0.00     0.00  -0.000

  ***********************
  LID Performance Summary
  ***********************

  ------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain      Init.     Final     Pcnt.
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage     Error
  Subcatchment      LID Control             in        in        in        in        in        in        in
  ------------------------------------------------------------------------------------------------------------------
  Basin4            Swale                76.98      0.00     66.39      0.00      0.00      0.00     10.59      0.00

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  BasinOutlet          JUNCTION     0.00     0.00     4.00     0  14:25
  CampbellCreek        OUTFALL      0.00     0.00     0.00     0  00:00

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  BasinOutlet          JUNCTION      0.00     0.00     0  11:21      -0.000      -0.000
  CampbellCreek        OUTFALL       0.00     0.00     0  00:00       0.000       0.000

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek          0.00      0.00      0.00       0.000
  -----------------------------------------------------------
  System                 0.00      0.00      0.00       0.000

  ********************
  Link Flow Summary
  ********************
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  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT      0.00     0  00:00      0.00    0.00    0.00

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  2                       1.00   1.00  0.00  0.00  0.00  0.00  0.00  0.00     0.00   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Fri Oct 25 17:19:03 2013
  Analysis ended on:  Fri Oct 25 17:19:03 2013
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... KINWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:01:00
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.756         0.521
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.277         0.191
  Surface Runoff ...........         0.423         0.291
  Final Surface Storage ....         0.057         0.039
  Continuity Error (%) .....        -0.011

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.422         0.138
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.422         0.137
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.001         0.000
  Continuity Error (%) .....         0.000

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     1.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
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Case 1: No LID  - Event 1b, 90th Percentile distributed as seen on 7-21-12



                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     0.52       0.00       0.00       0.19       0.29        0.14     0.96   0.559

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  2                    JUNCTION     0.12     0.29     4.29     0  12:53
  CampbellCreek        OUTFALL      0.12     0.29     0.29     0  12:53

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  2                    JUNCTION      0.96     0.96     0  12:53       0.138       0.138
  CampbellCreek        OUTFALL       0.00     0.96     0  12:53       0.000       0.137

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek         82.61      0.26      0.96       0.137
  -----------------------------------------------------------
  System                82.61      0.26      0.96       0.137

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT      0.96     0  12:53      3.41    0.05    0.15

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Dec 17 20:18:18 2013
  Analysis ended on:  Tue Dec 17 20:18:18 2013
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  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 00:00:30
  Routing Time Step ........ 1.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.756         0.521
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.553         0.381
  Surface Runoff ...........         0.106         0.073
  Final Surface Storage ....         0.098         0.067
  Continuity Error (%) .....        -0.034

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.106         0.034
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.107         0.035
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....        -0.623

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
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Case 2: With LID Bioswale  - Event 1b, 90th Percentile distributed as seen on 7-21-12



  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     0.52       0.00       0.00       0.38       0.07        0.03     0.64   0.140

  ***********************
  LID Performance Summary
  ***********************

  ------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain      Init.     Final     Pcnt.
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage     Error
  Subcatchment      LID Control             in        in        in        in        in        in        in
  ------------------------------------------------------------------------------------------------------------------
  Basin4            Swale                79.11      0.00     51.73     19.76      0.00      0.00      7.66     -0.05

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  BasinOutlet          JUNCTION     0.00     0.02     4.02     0  12:52
  CampbellCreek        OUTFALL      0.00     0.02     0.02     0  12:52

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  BasinOutlet          JUNCTION      0.64     0.64     0  12:52       0.034       0.034
  CampbellCreek        OUTFALL       0.00     0.64     0  12:52       0.000       0.035

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek         21.65      0.25      0.64       0.035
  -----------------------------------------------------------
  System                21.65      0.25      0.64       0.035

  ********************
  Link Flow Summary
  ********************
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  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT      0.64     0  12:52      3.96    0.00    0.00

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  2                       1.00   0.78  0.00  0.00  0.00  0.21  0.00  0.00     0.94   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Dec 17 19:33:30 2013
  Analysis ended on:  Tue Dec 17 19:33:30 2013
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... KINWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:01:00
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.276         0.190
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.101         0.070
  Surface Runoff ...........         0.128         0.088
  Final Surface Storage ....         0.047         0.032
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.128         0.042
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.128         0.042
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     1.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
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Case 1: No LID  - Event 2, 8-1-12



                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     0.19       0.00       0.00       0.07       0.09        0.04     0.29   0.464

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  2                    JUNCTION     0.07     0.17     4.17     0  19:53
  CampbellCreek        OUTFALL      0.07     0.17     0.17     0  19:55

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  2                    JUNCTION      0.29     0.29     0  19:53       0.042       0.042
  CampbellCreek        OUTFALL       0.00     0.29     0  19:55       0.000       0.042

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek         82.00      0.08      0.29       0.042
  -----------------------------------------------------------
  System                82.00      0.08      0.29       0.042

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT      0.29     0  19:55      2.36    0.01    0.08

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Dec 17 20:19:06 2013
  Analysis ended on:  Tue Dec 17 20:19:06 2013
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  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 00:00:30
  Routing Time Step ........ 1.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.276         0.190
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.209         0.144
  Surface Runoff ...........        -0.000        -0.000
  Final Surface Storage ....         0.066         0.046
  Continuity Error (%) .....        -0.030

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......        -0.000        -0.000
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.000         0.000
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
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Case 2: With LID Bioswale - Event 2, 8-1-12



  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     0.19       0.00       0.00       0.14      -0.00       -0.00     0.00  -0.000

  ***********************
  LID Performance Summary
  ***********************

  ------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain      Init.     Final     Pcnt.
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage     Error
  Subcatchment      LID Control             in        in        in        in        in        in        in
  ------------------------------------------------------------------------------------------------------------------
  Basin4            Swale                23.99      0.00     20.34      0.00      0.00      0.00      3.66     -0.06

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  BasinOutlet          JUNCTION     0.00     0.00     4.00     0  20:09
  CampbellCreek        OUTFALL      0.00     0.00     0.00     0  00:00

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  BasinOutlet          JUNCTION      0.00     0.00     0  20:00      -0.000      -0.000
  CampbellCreek        OUTFALL       0.00     0.00     0  00:00       0.000       0.000

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek          0.00      0.00      0.00       0.000
  -----------------------------------------------------------
  System                 0.00      0.00      0.00       0.000

  ********************
  Link Flow Summary
  ********************
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  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT      0.00     0  00:00      0.00    0.00    0.00

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  2                       1.00   1.00  0.00  0.00  0.00  0.00  0.00  0.00     0.00   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Dec 17 20:17:36 2013
  Analysis ended on:  Tue Dec 17 20:17:36 2013
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... KINWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:15:00
  Wet Time Step ............ 00:05:00
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 30.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         2.566         1.770
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.595         0.410
  Surface Runoff ...........         1.821         1.256
  Final Surface Storage ....         0.152         0.105
  Continuity Error (%) .....        -0.075

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         1.819         0.593
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         1.816         0.592
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.001         0.000
  Continuity Error (%) .....         0.057

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :    30.00 sec
  Average Time Step           :    30.00 sec
  Maximum Time Step           :    30.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     1.22

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
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Case 1: No LID - Event 3, 10yr-24hr



                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     1.77       0.00       0.00       0.41       1.26        0.59    11.87   0.710

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  2                    JUNCTION     0.25     1.08     5.08     0  10:06
  CampbellCreek        OUTFALL      0.25     1.08     1.08     0  10:06

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  2                    JUNCTION     11.87    11.87     0  10:06       0.593       0.593
  CampbellCreek        OUTFALL       0.00    11.78     0  10:06       0.000       0.592

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek         98.65      0.93     11.78       0.592
  -----------------------------------------------------------
  System                98.65      0.93     11.78       0.592

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT     11.78     0  10:06      6.88    0.57    0.54

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Fri Oct 25 17:25:08 2013
  Analysis ended on:  Fri Oct 25 17:25:08 2013
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  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:01:00
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         2.564         1.768
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         1.100         0.759
  Surface Runoff ...........         1.243         0.857
  Final Surface Storage ....         0.220         0.152
  Continuity Error (%) .....        -0.014

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         1.243         0.405
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         1.245         0.406
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....        -0.121

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.01
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Case 2: With LID Bioswale - Event 3, 10yr-24hr



  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  Basin4                     1.77       0.00       0.00       0.76       0.86        0.41    11.56   0.485

  ***********************
  LID Performance Summary
  ***********************

  ------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain      Init.     Final     Pcnt.
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage     Error
  Subcatchment      LID Control             in        in        in        in        in        in        in
  ------------------------------------------------------------------------------------------------------------------
  Basin4            Swale               291.49      0.00     95.13    183.73      0.00      0.00     12.64     -0.00

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  BasinOutlet          JUNCTION     0.02     0.12     4.12     0  10:05
  CampbellCreek        OUTFALL      0.01     0.11     0.11     0  10:05

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  BasinOutlet          JUNCTION     11.55    11.55     0  10:05       0.405       0.405
  CampbellCreek        OUTFALL       0.00    12.10     0  10:05       0.000       0.406

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  CampbellCreek         79.37      0.79     12.10       0.406
  -----------------------------------------------------------
  System                79.37      0.79     12.10       0.406

  ********************
  Link Flow Summary
  ********************
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  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  2                    CONDUIT     12.10     0  10:05     12.43    0.00    0.03

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  2                       1.00   0.20  0.01  0.00  0.01  0.79  0.00  0.00     3.69   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Fri Oct 25 15:21:29 2013
  Analysis ended on:  Fri Oct 25 15:21:29 2013
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ AUG-12-2001 00:00:00
  Ending Date .............. AUG-13-2001 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:01
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  WARNING 08: elevation drop exceeds length for Conduit 1

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.142         0.518
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.000         0.000
  Surface Runoff ...........         0.126         0.459
  Final Surface Storage ....         0.016         0.059
  Continuity Error (%) .....        -0.017

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.126         0.041
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.126         0.041
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
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Case 1: No LID -- Event 1, 90th Percentile Event Evenly Distributed



  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  MuldoonCorridor            0.52       0.00       0.00       0.00       0.46        0.04     0.07   0.885

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  junction             JUNCTION     0.03     0.03     1.03     0  15:42
  outfall              OUTFALL      0.03     0.03     0.03     0  15:40

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  junction             JUNCTION      0.07     0.07     0  15:42       0.041       0.041
  outfall              OUTFALL       0.00     0.07     0  15:40       0.000       0.041

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
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                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  outfall               99.06      0.06      0.07       0.041
  -----------------------------------------------------------
  System                99.06      0.06      0.07       0.041

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT      0.07     0  15:40     10.73    0.00    0.03

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  1                       1.00   0.00  0.00  0.00  0.00  0.99  0.00  0.00    12.98   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Wed Aug 14 12:31:54 2013
  Analysis ended on:  Wed Aug 14 12:31:55 2013
  Total elapsed time: 00:00:01
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ AUG-12-2001 00:00:00
  Ending Date .............. AUG-13-2001 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:01
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  WARNING 08: elevation drop exceeds length for Conduit 1

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.142         0.518
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.026         0.093
  Surface Runoff ...........         0.103         0.376
  Final Surface Storage ....         0.014         0.049
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.103         0.034
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.103         0.034
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
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Case 2: With LID Landscaping  
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  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  MuldoonCorridor            0.52       0.00       0.00       0.09       0.38        0.03     0.06   0.725

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  junction             JUNCTION     0.02     0.03     1.03     0  16:11
  outfall              OUTFALL      0.02     0.03     0.03     0  16:13

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  junction             JUNCTION      0.06     0.06     0  16:13       0.034       0.034
  outfall              OUTFALL       0.00     0.06     0  16:13       0.000       0.034

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
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                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  outfall               98.97      0.05      0.06       0.034
  -----------------------------------------------------------
  System                98.97      0.05      0.06       0.034

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT      0.06     0  16:13     10.10    0.00    0.03

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  1                       1.00   0.01  0.00  0.00  0.00  0.99  0.00  0.00    12.75   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Wed Aug 14 12:37:51 2013
  Analysis ended on:  Wed Aug 14 12:37:51 2013
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ AUG-12-2001 00:00:00
  Ending Date .............. AUG-13-2001 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  WARNING 08: elevation drop exceeds length for Conduit 1

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.052         0.190
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.000         0.000
  Surface Runoff ...........         0.039         0.143
  Final Surface Storage ....         0.013         0.047
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.039         0.013
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.039         0.013
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
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Case 1: No LID  -- Event 2, 8-1-12



  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  MuldoonCorridor            0.19       0.00       0.00       0.00       0.14        0.01     0.12   0.754

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  junction             JUNCTION     0.01     0.04     1.04     0  19:53
  outfall              OUTFALL      0.01     0.04     0.04     0  19:53

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  junction             JUNCTION      0.12     0.12     0  19:53       0.013       0.013
  outfall              OUTFALL       0.00     0.12     0  19:53       0.000       0.013

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------

SWMM 5 Page 2



                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  outfall               76.36      0.03      0.12       0.013
  -----------------------------------------------------------
  System                76.36      0.03      0.12       0.013

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT      0.12     0  19:53     12.56    0.00    0.04

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  1                       1.00   0.16  0.00  0.00  0.00  0.83  0.00  0.00     8.66   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Dec 17 20:31:12 2013
  Analysis ended on:  Tue Dec 17 20:31:12 2013
  Total elapsed time: < 1 sec

SWMM 5 Page 3



  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ AUG-12-2001 00:00:00
  Ending Date .............. AUG-13-2001 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  WARNING 08: elevation drop exceeds length for Conduit 1

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.052         0.190
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.009         0.034
  Surface Runoff ...........         0.032         0.117
  Final Surface Storage ....         0.011         0.038
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.032         0.011
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.032         0.011
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  None

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
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  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  MuldoonCorridor            0.19       0.00       0.00       0.03       0.12        0.01     0.10   0.618

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  junction             JUNCTION     0.01     0.03     1.03     0  19:53
  outfall              OUTFALL      0.01     0.03     0.03     0  19:53

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  junction             JUNCTION      0.10     0.10     0  19:53       0.011       0.011
  outfall              OUTFALL       0.00     0.10     0  19:53       0.000       0.011

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  outfall               75.03      0.02      0.10       0.011
  -----------------------------------------------------------
  System                75.03      0.02      0.10       0.011

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT      0.10     0  19:53     11.76    0.00    0.03

  ***************************
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  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  1                       1.00   0.16  0.00  0.00  0.00  0.83  0.00  0.00     8.42   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Dec 17 20:24:39 2013
  Analysis ended on:  Tue Dec 17 20:24:40 2013
  Total elapsed time: 00:00:01
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ AUG-12-2001 00:00:00
  Ending Date .............. AUG-13-2001 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:01
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  WARNING 08: elevation drop exceeds length for Conduit 1

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.486         1.768
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.000         0.000
  Surface Runoff ...........         0.470         1.707
  Final Surface Storage ....         0.017         0.061
  Continuity Error (%) .....        -0.007

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.469         0.153
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.469         0.153
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  Link 1 (1.92%)

  ********************************
  Highest Flow Instability Indexes
  ********************************
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Case 1: No LID -- Event 3, 10yr, 24-hr Event



  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     0.50 sec
  Average Time Step           :     0.99 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00

  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  MuldoonCorridor            1.77       0.00       0.00       0.00       1.71        0.15     3.59   0.966

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  junction             JUNCTION     0.05     0.19     1.19     0  10:00
  outfall              OUTFALL      0.05     0.19     0.19     0  10:00

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  junction             JUNCTION      3.59     3.59     0  10:00       0.153       0.153
  outfall              OUTFALL       0.00     3.59     0  10:00       0.000       0.153

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
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                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  outfall               99.21      0.27      3.59       0.153
  -----------------------------------------------------------
  System                99.21      0.27      3.59       0.153

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT      3.59     0  10:00     35.02    0.08    0.19

  ***************************
  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  1                       1.00   0.00  0.00  0.00  0.00  0.99  0.00  0.00    13.98   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Wed Aug 14 12:29:54 2013
  Analysis ended on:  Wed Aug 14 12:29:55 2013
  Total elapsed time: 00:00:01
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ YES
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ AUG-12-2001 00:00:00
  Ending Date .............. AUG-13-2001 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:01
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 01:00:00
  Routing Time Step ........ 1.00 sec

  WARNING 08: elevation drop exceeds length for Conduit 1

  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.486         1.768
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.088         0.318
  Surface Runoff ...........         0.385         1.400
  Final Surface Storage ....         0.014         0.050
  Continuity Error (%) .....        -0.006

  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.385         0.125
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.385         0.125
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000

  ***************************
  Time-Step Critical Elements
  ***************************
  Link 1 (1.42%)

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     0.50 sec
  Average Time Step           :     0.99 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
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Case 2: With LID Landscaping -- Event 3, 10yr, 24-hr Event



  ***************************
  Subcatchment Runoff Summary
  ***************************

  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  MuldoonCorridor            1.77       0.00       0.00       0.32       1.40        0.13     2.90   0.792

  ******************
  Node Depth Summary
  ******************

  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  junction             JUNCTION     0.04     0.17     1.17     0  10:00
  outfall              OUTFALL      0.04     0.17     0.17     0  10:00

  *******************
  Node Inflow Summary
  *******************

  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  junction             JUNCTION      2.90     2.90     0  10:00       0.125       0.125
  outfall              OUTFALL       0.00     2.90     0  10:00       0.000       0.125

  **********************
  Node Surcharge Summary
  **********************

  No nodes were surcharged.

  *********************
  Node Flooding Summary
  *********************

  No nodes were flooded.

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  outfall               99.14      0.21      2.90       0.125
  -----------------------------------------------------------
  System                99.14      0.21      2.90       0.125

  ********************
  Link Flow Summary
  ********************

  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT      2.90     0  10:00     32.74    0.06    0.17

  ***************************
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  Flow Classification Summary
  ***************************

  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  1                       1.00   0.00  0.00  0.00  0.00  0.99  0.00  0.00    13.78   0.0000

  *************************
  Conduit Surcharge Summary
  *************************

  No conduits were surcharged.

  Analysis begun on:  Tue Aug 13 11:59:59 2013
  Analysis ended on:  Tue Aug 13 12:00:00 2013
  Total elapsed time: 00:00:01
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Appendix F: Russian Jack Springs Park Data and Calculations

1. Russian Jack Soil Information

2. Rainfall Data and Inflow Calculations

3. Outflow data and Calculations



3335 Arctic Boulevard Suite 100 • Anchorage Alaska 99503 • Phone:  907.564.2120 • Fax: 907.564.2122
202 W. Elmwood Avenue Suite 1 • Palmer Alaska 99645 • Phone:  907.746.5230 • Fax: 907.746.5231
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MEMORANDUM 

DATE: March 26, 2012 File No:  11-111-03 

TO: Janie Dusel, PE 

FROM: Nick Moran, EIT 

RE: Field Observations  
Russian Jack LID Pilot Project 

  
 
Test pits were excavated to evaluate subsurface conditions in the Russian Jack Parking Area. Three 
test pits, labeled TP-1 through TP-3, were advanced on October 28, 2011. Three additional test pits, 
TP-4 through TP-6, were advanced on November 11, 2011. In addition to the test pits, three hand 
dug pits, HDP-1 through HDP-3, were advanced on January 10 and 11, 2012. Figure 1 presents the 
locations of Test Pits TP-1 through TP-6, and Hand Dug Pits HDP-1 through HDP-3.  The test pits 
were excavated to nominal depths of 10 feet in order to identify subsurface conditions.  Excavation 
services were provided by Discovery Drilling of Anchorage, Alaska using a rubber-tire backhoe.  The 
Hand Dug Pits were advanced to varying depths from three to five feet by an HDL staff geologist. 
 
Soil samples were collected from the bucket of the backhoe for future laboratory testing, if needed. 
The subsurface conditions encountered in the test pits were logged.  The soils encountered were 
visually classified according to the Unified Soil Classification System (USCS). Detailed logs of the test 
pits are presented in Appendix A, Figures A1 through A6.  In general, the subsurface conditions 
consisted of one foot of fill over one to three feet of peat.  Silty sand and sandy gravel were 
encountered below the peat.  The sandy gravel should be considered the permeable layer to receive 
infiltration from surface water.  This layer typically was encountered at five to eight feet below 
grade.  No free groundwater was encountered in any of the test pits. 
 
One percolation test was conducted in Test Pit TP-1 and two percolation tests were conducted in 
TP-2.  The percolation tests consisted of preparing a 6 inch diameter test hole.  The sides of the test 
hole were scarified to expose the natural soil surface and any loose material was removed from the 
bottom of the test hole.  The tests were conducted according to Alaska Department of 
Environmental Conservation procedures for a falling head percolation test. The percolation rates in 
the sandy gravel ranged from 6 to 10 minutes per inch.  The depths and results of the percolation 
tests can be found in the boring logs, Figures A1 and A2. 
 
Test Pits TP-4 through TP-6 were advanced to determine the extent of the peat layer present in the 
proposed parking area. TP-4 was advanced in the existing paved area north of the tennis courts and 
a three-foot layer of peat was found approximately three to six feet below finish grade. TP-5 and TP-
6 were advanced next to the tennis court fence in an attempt to determine whether the peat layer 
was removed during construction of the tennis courts. TP-5 encountered a peat layer from three to 
five feet below grade. In TP-6, the peat layer was present approximately six feet east of the fence. 
However, within six feet of the fence there was no peat layer. It appears the peat layer may have 
been removed beneath portions of the tennis courts, however, HDL suggests assuming a two to 
three-foot peat layer exists beneath the courts for design/cost estimating purposes.  
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Hand Dug Pits HDP-1 through HDP-3 were advanced to determine the extent of the peat layer 
present in the proposed parking area. HDP-1 was advanced in the gravel parking area southwest of 
the tennis courts and consisted of sandy gravels in the top two feet underlain by wet sandy silts to 
the depth of the pit at three feet. HDP-2 and HDP-3 were advanced west of the tennis courts. HDP-2 
and HDP-3 encountered sandy gravels underlain by a peat layer from two to five feet below grade. It 
appears the two to three-foot thick peat layer exists beneath the gravel parking area west of the 
tennis courts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H:\jobs\11-111 Watershed Management Term (MOA)\11-111-3 LID Pilot Project Design\Russian Jack Project\Geotech\Test Pit Findings 
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RJSP

Rainfall Data and Inflow Calculations

Total Rainfall = 2.31 Inches

Area= 44,385 SF

Date = 8/16 8/24

Time Interval = 1:00:00 Hour

Date and Time
Rainfall

(inches)
Flow (cfs) Volume (cfs)

8/16/2013 0:00 0 0.000 0.000

8/16/2013 1:00 0 0.000 0.000

8/16/2013 2:00 0 0.000 0.000

8/16/2013 3:00 0 0.000 0.000

8/16/2013 4:00 0 0.000 0.000

8/16/2013 5:00 0 0.000 0.000

8/16/2013 6:00 0 0.000 0.000

8/16/2013 7:00 0 0.000 0.000

8/16/2013 8:00 0 0.000 0.000

8/16/2013 9:00 0 0.000 0.000

8/16/2013 10:00 0 0.000 0.000

8/16/2013 11:00 0 0.000 0.000

8/16/2013 12:00 0 0.000 0.000

8/16/2013 13:00 0 0.000 0.000

8/16/2013 14:00 0.01 0.010 36.988

8/16/2013 15:00 0.01 0.010 36.988

8/16/2013 16:00 0.02 0.021 73.975

8/16/2013 17:00 0.01 0.010 36.988

8/16/2013 18:00 0 0.000 0.000

8/16/2013 19:00 0 0.000 0.000

8/16/2013 20:00 0 0.000 0.000

8/16/2013 21:00 0 0.000 0.000

8/16/2013 22:00 0 0.000 0.000

8/16/2013 23:00 0 0.000 0.000

8/17/2013 0:00 0 0.000 0.000

8/17/2013 1:00 0 0.000 0.000

8/17/2013 2:00 0 0.000 0.000

8/17/2013 3:00 0 0.000 0.000

8/17/2013 4:00 0.01 0.010 36.988

8/17/2013 5:00 0 0.000 0.000

8/17/2013 6:00 0 0.000 0.000

8/17/2013 7:00 0 0.000 0.000

8/17/2013 8:00 0 0.000 0.000

8/17/2013 9:00 0 0.000 0.000

8/17/2013 10:00 0.02 0.021 73.975

8/17/2013 11:00 0 0.000 0.000

8/17/2013 12:00 0 0.000 0.000

8/17/2013 13:00 0 0.000 0.000

8/17/2013 14:00 0 0.000 0.000

8/17/2013 15:00 0 0.000 0.000
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RJSP

Rainfall Data and Inflow Calculations

8/17/2013 16:00 0 0.000 0.000

8/17/2013 17:00 0 0.000 0.000

8/17/2013 18:00 0 0.000 0.000

8/17/2013 19:00 0 0.000 0.000

8/17/2013 20:00 0 0.000 0.000

8/17/2013 21:00 0.02 0.021 73.975

8/17/2013 22:00 0.07 0.072 258.914

8/17/2013 23:00 0 0.000 0.000

8/18/2013 0:00 0.04 0.041 147.951

8/18/2013 1:00 0.08 0.082 295.902

8/18/2013 2:00 0.04 0.041 147.951

8/18/2013 3:00 0.03 0.031 110.963

8/18/2013 4:00 0.07 0.072 258.914

8/18/2013 5:00 0.1 0.103 369.877

8/18/2013 6:00 0.05 0.051 184.939

8/18/2013 7:00 0 0.000 0.000

8/18/2013 8:00 0.01 0.010 36.988

8/18/2013 9:00 0.02 0.021 73.975

8/18/2013 10:00 0.02 0.021 73.975

8/18/2013 11:00 0.01 0.010 36.988

8/18/2013 12:00 0.01 0.010 36.988

8/18/2013 13:00 0 0.000 0.000

8/18/2013 14:00 0 0.000 0.000

8/18/2013 15:00 0 0.000 0.000

8/18/2013 16:00 0.01 0.010 36.988

8/18/2013 17:00 0.01 0.010 36.988

8/18/2013 18:00 0 0.000 0.000

8/18/2013 19:00 0 0.000 0.000

8/18/2013 20:00 0.01 0.010 36.988

8/18/2013 21:00 0.01 0.010 36.988

8/18/2013 22:00 0 0.000 0.000

8/18/2013 23:00 0 0.000 0.000

8/19/2013 0:00 0 0.000 0.000

8/19/2013 1:00 0 0.000 0.000

8/19/2013 2:00 0 0.000 0.000

8/19/2013 3:00 0 0.000 0.000

8/19/2013 4:00 0 0.000 0.000

8/19/2013 5:00 0 0.000 0.000

8/19/2013 6:00 0 0.000 0.000

8/19/2013 7:00 0.02 0.021 73.975

8/19/2013 8:00 0.02 0.021 73.975

8/19/2013 9:00 0.1 0.103 369.877

8/19/2013 10:00 0.09 0.092 332.890

8/19/2013 11:00 0 0.000 0.000

8/19/2013 12:00 0.06 0.062 221.926

8/19/2013 13:00 0.07 0.072 258.914

8/19/2013 14:00 0 0.000 0.000
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RJSP

Rainfall Data and Inflow Calculations

8/19/2013 15:00 0.03 0.031 110.963

8/19/2013 16:00 0.05 0.051 184.939

8/19/2013 17:00 0.01 0.010 36.988

8/19/2013 18:00 0.02 0.021 73.975

8/19/2013 19:00 0.01 0.010 36.988

8/19/2013 20:00 0.01 0.010 36.988

8/19/2013 21:00 0.01 0.010 36.988

8/19/2013 22:00 0 0.000 0.000

8/19/2013 23:00 0 0.000 0.000

8/20/2013 0:00 0 0.000 0.000

8/20/2013 1:00 0 0.000 0.000

8/20/2013 2:00 0.02 0.021 73.975

8/20/2013 3:00 0 0.000 0.000

8/20/2013 4:00 0 0.000 0.000

8/20/2013 5:00 0 0.000 0.000

8/20/2013 6:00 0 0.000 0.000

8/20/2013 7:00 0 0.000 0.000

8/20/2013 8:00 0 0.000 0.000

8/20/2013 9:00 0 0.000 0.000

8/20/2013 10:00 0 0.000 0.000

8/20/2013 11:00 0 0.000 0.000

8/20/2013 12:00 0 0.000 0.000

8/20/2013 13:00 0 0.000 0.000

8/20/2013 14:00 0 0.000 0.000

8/20/2013 15:00 0.01 0.010 36.988

8/20/2013 16:00 0.02 0.021 73.975

8/20/2013 17:00 0.03 0.031 110.963

8/20/2013 18:00 0.02 0.021 73.975

8/20/2013 19:00 0.04 0.041 147.951

8/20/2013 20:00 0.01 0.010 36.988

8/20/2013 21:00 0 0.000 0.000

8/20/2013 22:00 0 0.000 0.000

8/20/2013 23:00 0 0.000 0.000

8/21/2013 0:00 0 0.000 0.000

8/21/2013 1:00 0 0.000 0.000

8/21/2013 2:00 0 0.000 0.000

8/21/2013 3:00 0.03 0.031 110.963

8/21/2013 4:00 0.02 0.021 73.975

8/21/2013 5:00 0.02 0.021 73.975

8/21/2013 6:00 0 0.000 0.000

8/21/2013 7:00 0.01 0.010 36.988

8/21/2013 8:00 0.01 0.010 36.988

8/21/2013 9:00 0 0.000 0.000

8/21/2013 10:00 0.02 0.021 73.975

8/21/2013 11:00 0.03 0.031 110.963

8/21/2013 12:00 0.03 0.031 110.963

8/21/2013 13:00 0.03 0.031 110.963
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Rainfall Data and Inflow Calculations

8/21/2013 14:00 0.01 0.010 36.988

8/21/2013 15:00 0.02 0.021 73.975

8/21/2013 16:00 0 0.000 0.000

8/21/2013 17:00 0.01 0.010 36.988

8/21/2013 18:00 0.03 0.031 110.963

8/21/2013 19:00 0.02 0.021 73.975

8/21/2013 20:00 0.01 0.010 36.988

8/21/2013 21:00 0.02 0.021 73.975

8/21/2013 22:00 0.01 0.010 36.988

8/21/2013 23:00 0.05 0.051 184.939

8/22/2013 0:00 0.03 0.031 110.963

8/22/2013 1:00 0.03 0.031 110.963

8/22/2013 2:00 0.01 0.010 36.988

8/22/2013 3:00 0.02 0.021 73.975

8/22/2013 4:00 0.01 0.010 36.988

8/22/2013 5:00 0.02 0.021 73.975

8/22/2013 6:00 0.06 0.062 221.926

8/22/2013 7:00 0.04 0.041 147.951

8/22/2013 8:00 0 0.000 0.000

8/22/2013 9:00 0.01 0.010 36.988

8/22/2013 10:00 0.03 0.031 110.963

8/22/2013 11:00 0.08 0.082 295.902

8/22/2013 12:00 0.03 0.031 110.963

8/22/2013 13:00 0.03 0.031 110.963

8/22/2013 14:00 0.01 0.010 36.988

8/22/2013 15:00 0.03 0.031 110.963

8/22/2013 16:00 0 0.000 0.000

8/22/2013 17:00 0 0.000 0.000

8/22/2013 18:00 0 0.000 0.000

8/22/2013 19:00 0.02 0.021 73.975

8/22/2013 20:00 0.02 0.021 73.975

8/22/2013 21:00 0 0.000 0.000

8/22/2013 22:00 0 0.000 0.000

8/22/2013 23:00 0 0.000 0.000

8/23/2013 0:00 0 0.000 0.000

8/23/2013 1:00 0 0.000 0.000

8/23/2013 2:00 0 0.000 0.000

8/23/2013 3:00 0 0.000 0.000

8/23/2013 4:00 0 0.000 0.000

8/23/2013 5:00 0 0.000 0.000

8/23/2013 6:00 0.01 0.010 36.988

8/23/2013 7:00 0.01 0.010 36.988

8/23/2013 8:00 0.01 0.010 36.988

8/23/2013 9:00 0 0.000 0.000

8/23/2013 10:00 0 0.000 0.000

8/23/2013 11:00 0 0.000 0.000

8/23/2013 12:00 0 0.000 0.000
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Rainfall Data and Inflow Calculations

8/23/2013 13:00 0 0.000 0.000

8/23/2013 14:00 0 0.000 0.000

8/23/2013 15:00 0 0.000 0.000

8/23/2013 16:00 0 0.000 0.000

8/23/2013 17:00 0 0.000 0.000

8/23/2013 18:00 0 0.000 0.000

8/23/2013 19:00 0 0.000 0.000

8/23/2013 20:00 0 0.000 0.000

8/23/2013 21:00 0 0.000 0.000

8/23/2013 22:00 0.02 0.021 73.975

8/23/2013 23:00 0 0.000 0.000

8/24/2013 0:00 0.03 0.031 110.963

8/24/2013 1:00 0.02 0.021 73.975

8/24/2013 2:00 0 0.000 0.000

8/24/2013 3:00 0 0.000 0.000

8/24/2013 4:00 0 0.000 0.000

8/24/2013 5:00 0 0.000 0.000

8/24/2013 6:00 0 0.000 0.000

8/24/2013 7:00 0 0.000 0.000

8/24/2013 8:00 0 0.000 0.000

8/24/2013 9:00 0 0.000 0.000

8/24/2013 10:00 0 0.000 0.000

8/24/2013 11:00 0 0.000 0.000

8/24/2013 12:00 0 0.000 0.000

8/24/2013 13:00 0 0.000 0.000

8/24/2013 14:00 0 0.000 0.000

8/24/2013 15:00 0.01 0.010 36.988

8/24/2013 16:00 0 0.000 0.000

8/24/2013 17:00 0 0.000 0.000

8/24/2013 18:00 0 0.000 0.000

8/24/2013 19:00 0 0.000 0.000

8/24/2013 20:00 0 0.000 0.000

8/24/2013 21:00 0 0.000 0.000

8/24/2013 22:00 0 0.000 0.000

8/24/2013 23:00 0 0.000 0.000

8/25/2013 0:00 0 0.000 0.000

Peak = Total Volume

0.10274373 8,544
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Rainfall Data and Inflow Calculations

Rainfall Total= 1.33 inches

Area = 44,385 SF

Date = 9/4/2013

Time Interval = 0:30 minutes

Date and Time Rainfall (inches) Flow (cfs) Volume (cf)

9/4/2013 0:00 0.00 0.000 0.000

9/4/2013 0:30 0.00 0.000 0.000

9/4/2013 1:00 0.05 0.103 184.939

9/4/2013 1:30 0.04 0.082 147.951

9/4/2013 2:00 0.04 0.082 147.951

9/4/2013 2:30 0.01 0.021 36.988

9/4/2013 3:00 0.01 0.021 36.988

9/4/2013 3:30 0.05 0.103 184.939

9/4/2013 4:00 0.04 0.082 147.951

9/4/2013 4:30 0.08 0.164 295.902

9/4/2013 5:00 0.08 0.164 295.902

9/4/2013 5:30 0.02 0.041 73.975

9/4/2013 6:00 0.00 0.000 0.000

9/4/2013 6:30 0.00 0.000 0.000

9/4/2013 7:00 0.00 0.000 0.000

9/4/2013 7:30 0.00 0.000 0.000

9/4/2013 8:00 0.00 0.000 0.000

9/4/2013 8:30 0.01 0.021 36.988

9/4/2013 9:00 0.00 0.000 0.000

9/4/2013 9:30 0.00 0.000 0.000

9/4/2013 10:00 0.00 0.000 0.000

9/4/2013 10:30 0.01 0.021 36.988

9/4/2013 11:00 0.01 0.021 36.988

9/4/2013 11:30 0.00 0.000 0.000

9/4/2013 12:00 0.02 0.041 73.975

9/4/2013 12:30 0.02 0.041 73.975

9/4/2013 13:00 0.08 0.164 295.902

9/4/2013 13:30 0.03 0.062 110.963

9/4/2013 14:00 0.02 0.041 73.975

9/4/2013 14:30 0.00 0.000 0.000

9/4/2013 15:00 0.01 0.021 36.988

9/4/2013 15:30 0.01 0.021 36.988

9/4/2013 16:00 0.06 0.123 221.926

9/4/2013 16:30 0.03 0.062 110.963

9/4/2013 17:00 0.08 0.164 295.902

9/4/2013 17:30 0.01 0.021 36.988

9/4/2013 18:00 0.03 0.062 110.963

9/4/2013 18:30 0.02 0.041 73.975

9/4/2013 19:00 0.04 0.082 147.951
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RJSP

Rainfall Data and Inflow Calculations

9/4/2013 19:30 0.10 0.205 369.877

9/4/2013 20:00 0.10 0.205 369.877

9/4/2013 20:30 0.03 0.062 110.963

9/4/2013 21:00 0.07 0.144 258.914

9/4/2013 21:30 0.09 0.185 332.890

9/4/2013 22:00 0.03 0.062 110.963

9/4/2013 22:30 0.00 0.000 0.000

9/4/2013 23:00 0.00 0.000 0.000

9/4/2013 23:30 0.00 0.000 0.000

9/5/2013 0:00 0.00 0.000 0.000

Peak = Total Volume =

0.205 4919.370
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RJSP

Rainfall Data and Inflow Calculations

Total Rainfall = 0.99 inches

Area = 44385 SF

Date = 9/25/2013

Time Interval = 0:30 Minutes

Time Rainfall (inches) Flow (cfs) Volume (cf)

0:59 0 0.00 0.00

1:29 0.08 0.16 295.90

1:59 0.03 0.06 110.96

2:29 0.02 0.04 73.98

2:59 0.03 0.06 110.96

3:29 0.02 0.04 73.98

3:59 0.02 0.04 73.98

4:29 0.03 0.06 110.96

4:59 0.02 0.04 73.98

5:29 0.01 0.02 36.99

5:59 0.03 0.06 110.96

6:29 0.05 0.10 184.94

6:59 0.08 0.16 295.90

7:29 0.11 0.23 406.87

7:59 0.11 0.23 406.87

8:29 0.11 0.23 406.87

8:59 0.06 0.12 221.93

9:29 0.06 0.12 221.93

9:59 0.02 0.04 73.98

10:29 0 0.00 0.00

10:59 0 0.00 0.00

11:29 0 0.00 0.00

11:59 0 0.00 0.00

12:29 0 0.00 0.00

12:59 0 0.00 0.00

13:29 0.01 0.02 36.99

13:59 0 0.00 0.00

14:29 0 0.00 0.00

14:59 0.01 0.02 36.99

15:29 0 0.00 0.00

15:59 0 0.00 0.00

16:29 0 0.00 0.00

16:59 0 0.00 0.00

17:29 0 0.00 0.00

17:59 0 0.00 0.00

18:29 0 0.00 0.00

18:59 0.01 0.02 36.99

19:29 0 0.00 0.00

19:59 0 0.00 0.00
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RJSP

Rainfall Data and Inflow Calculations

20:29 0.01 0.02 36.99

20:59 0 0.00 0.00

21:29 0 0.00 0.00

21:59 0 0.00 0.00

22:29 0.01 0.02 36.99

22:59 0.01 0.02 36.99

23:29 0.03 0.06 110.96

23:59 0.01 0.02 36.99

Peak = Total Volume =

0.23 3,662
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

8/16/2013 0:00 M 28800.000 0.005 60.151 0.011 14.551 0 0.014 0.000 0.004 4,853 8/16/2013 0:00 0

8/16/2013 0:01 M 28860.000 0.002 60.06 0.004 14.55 0 0.021 0.000 0.010 8/16/2013 1:00 0.000

8/16/2013 0:02 M 28920.000 0.004 60.151 0.01 14.549 0 0.015 0.000 0.004 8/16/2013 2:00 0.000

8/16/2013 0:03 M 28980.000 0.001 60.151 0.001 14.548 0 0.024 0.000 0.014 8/16/2013 3:00 0.000

8/16/2013 0:04 M 29040.000 0.002 60.151 0.005 14.548 0 0.020 0.000 0.009 8/16/2013 4:00 0.00014379

8/16/2013 0:05 M 29100.000 0.005 60.151 0.012 14.549 0 0.013 0.000 0.003 8/16/2013 5:00 0.00012007

8/16/2013 0:06 M 29160.000 0.002 60.151 0.005 14.548 0 0.020 0.000 0.009 8/16/2013 6:00 0.00009759

8/16/2013 0:07 M 29220.000 0.005 60.151 0.012 14.55 0 0.013 0.000 0.003 8/16/2013 7:00 0.00008733

8/16/2013 0:08 M 29280.000 0.005 60.151 0.012 14.551 0 0.013 0.000 0.003 8/16/2013 8:00 0.00010805

8/16/2013 0:09 M 29340.000 0.004 60.06 0.01 14.549 0 0.015 0.000 0.004 8/16/2013 9:00 0.00009603

8/16/2013 0:10 M 29400.000 0.001 60.151 0.003 14.55 0 0.022 0.000 0.012 8/16/2013 10:00 0.00006740

8/16/2013 0:11 M 29460.000 0.004 60.151 0.008 14.549 0 0.017 0.000 0.006 8/16/2013 11:00 0.00004491

8/16/2013 0:12 M 29520.000 0.001 60.151 0.003 14.55 0 0.022 0.000 0.012 8/16/2013 12:00 0.00002371

8/16/2013 0:13 M 29580.000 0.002 60.151 0.005 14.549 0 0.020 0.000 0.009 8/16/2013 13:00 0.00003224

8/16/2013 0:14 M 29640.000 0.002 60.151 0.004 14.548 2.814E 06 0.029 0.000 0.023 8/16/2013 14:00 0.00003230

8/16/2013 0:15 M 29700.000 0.006 60.151 0.015 14.552 0 0.010 0.000 0.002 8/16/2013 15:00 0.00287781

8/16/2013 0:16 M 29760.000 0.004 60.151 0.01 14.55 0 0.015 0.000 0.004 8/16/2013 16:00 0.01244886

8/16/2013 0:17 M 29820.000 0 60.151 0.001 14.549 9.041E 08 0.026 0.000 0.018 8/16/2013 17:00 0.01448269

8/16/2013 0:18 M 29880.000 0 60.151 0.001 14.55 0 0.024 0.000 0.014 8/16/2013 18:00 0.00328084

8/16/2013 0:19 M 29940.000 0.007 60.06 0.015 14.551 0 0.010 0.000 0.002 8/16/2013 19:00 0.00177909

8/16/2013 0:20 M 30000.000 0.009 60.06 0.02 14.551 0 0.005 0.000 0.000 8/16/2013 20:00 0.00118096

8/16/2013 0:21 M 30060.000 0.009 60.151 0.02 14.551 0 0.005 0.000 0.000 8/16/2013 21:00 0.00104724

8/16/2013 0:22 M 30120.000 0.003 60.151 0.006 14.548 0 0.019 0.000 0.008 8/16/2013 22:00 0.00073852

8/16/2013 0:23 M 30180.000 0.004 60.06 0.009 14.55 0 0.016 0.000 0.005 8/16/2013 23:00 0.00080624

8/16/2013 0:24 M 30240.000 0.006 60.151 0.013 14.55 0 0.012 0.000 0.003 8/17/2013 0:00 0.00117568

8/16/2013 0:25 M 30300.000 0.004 60.06 0.009 14.551 0 0.016 0.000 0.005 8/17/2013 1:00 0.00094712

8/16/2013 0:26 M 30360.000 0.007 60.151 0.016 14.548 0 0.009 0.000 0.001 8/17/2013 2:00 0.00107876

8/16/2013 0:27 M 30420.000 0.001 60.06 0.003 14.547 0 0.022 0.000 0.012 8/17/2013 3:00 0.00089509

8/16/2013 0:28 M 30480.000 0.002 60.06 0.005 14.546 0 0.020 0.000 0.009 8/17/2013 4:00 0.00068454

8/16/2013 0:29 M 30540.000 0.004 60.06 0.009 14.547 0 0.016 0.000 0.005 8/17/2013 5:00 0.00077773

8/16/2013 0:30 M 30600.000 0.002 60.151 0.003 14.547 0 0.022 0.000 0.012 8/17/2013 6:00 0.00090261

8/16/2013 0:31 M 30660.000 0.001 60.06 0.002 14.547 0 0.023 0.000 0.013 8/17/2013 7:00 0.00114254

8/16/2013 0:32 M 30720.000 0.006 60.151 0.014 14.55 0 0.011 0.000 0.002 8/17/2013 8:00 0.00090411

8/16/2013 0:33 M 30780.000 0.001 60.06 0.002 14.547 0 0.023 0.000 0.013 8/17/2013 9:00 0.00083037

8/16/2013 0:34 M 30840.000 0.005 60.06 0.011 14.547 0 0.014 0.000 0.004 8/17/2013 10:00 0.01272742

8/16/2013 0:35 M 30900.000 0.005 60.06 0.012 14.548 0 0.013 0.000 0.003 8/17/2013 11:00 0.00936621

8/16/2013 0:36 M 30960.000 0 60.06 0 14.546 0 0.025 0.000 0.016 8/17/2013 12:00 0.00382937

8/16/2013 0:37 M 31020.000 0.004 60.06 0.009 14.549 0 0.016 0.000 0.005 8/17/2013 13:00 0.00221964

8/16/2013 0:38 M 31080.000 0.002 60.06 0.004 14.548 0 0.021 0.000 0.010 8/17/2013 14:00 0.00208348

8/16/2013 0:39 M 31140.000 0.006 59.968 0.013 14.547 0 0.012 0.000 0.003 8/17/2013 15:00 0.00201959

8/16/2013 0:40 M 31200.000 0.001 60.06 0.002 14.544 5.044E 07 0.027 0.000 0.019 8/17/2013 16:00 0.00199173

8/16/2013 0:41 M 31260.000 0.008 59.968 0.017 14.55 0 0.008 0.000 0.001 8/17/2013 17:00 0.00184265

8/16/2013 0:42 M 31320.000 0.002 60.06 0.005 14.547 0 0.020 0.000 0.009 8/17/2013 18:00 0.00167480

8/16/2013 0:43 M 31380.000 0.003 59.968 0.007 14.547 0 0.018 0.000 0.007 8/17/2013 19:00 0.00143154

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

8/16/2013 0:44 M 31440.000 0.003 59.968 0.007 14.548 0 0.018 0.000 0.007 8/17/2013 20:00 0.00096990

8/16/2013 0:45 M 31500.000 0.004 59.968 0.009 14.545 0 0.016 0.000 0.005 8/17/2013 21:00 0.00102806

8/16/2013 0:46 M 31560.000 0.002 60.06 0.004 14.548 0 0.021 0.000 0.010 8/17/2013 22:00 0.02352627

8/16/2013 0:47 M 31620.000 0.003 59.968 0.008 14.549 0 0.017 0.000 0.006 8/17/2013 23:00 0.01028699

8/16/2013 0:48 M 31680.000 0.006 59.968 0.013 14.548 0 0.012 0.000 0.003 8/18/2013 0:00 0.01461213

8/16/2013 0:49 M 31740.000 0.001 59.968 0.003 14.547 0 0.022 0.000 0.012 8/18/2013 1:00 0.03314530

8/16/2013 0:50 M 31800.000 0.006 59.968 0.013 14.55 0 0.012 0.000 0.003 8/18/2013 2:00 0.02559627

8/16/2013 0:51 M 31860.000 0.003 59.968 0.008 14.548 0 0.017 0.000 0.006 8/18/2013 3:00 0.01670132

8/16/2013 0:52 M 31920.000 0.005 59.876 0.012 14.549 0 0.013 0.000 0.003 8/18/2013 4:00 0.02550921

8/16/2013 0:53 M 31980.000 0.002 59.968 0.005 14.548 0 0.020 0.000 0.009 8/18/2013 5:00 0.04662895

8/16/2013 0:54 M 32040.000 0.005 59.968 0.012 14.551 0 0.013 0.000 0.003 8/18/2013 6:00 0.02821226

8/16/2013 0:55 M 32100.000 0.007 59.968 0.017 14.551 0 0.008 0.000 0.001 8/18/2013 7:00 0.00957405

8/16/2013 0:56 M 32160.000 0.001 59.968 0.003 14.55 0 0.022 0.000 0.012 8/18/2013 8:00 0.00482101

8/16/2013 0:57 M 32220.000 0.009 59.968 0.02 14.55 0 0.005 0.000 0.000 8/18/2013 9:00 0.00744343

8/16/2013 0:58 M 32280.000 0.004 59.876 0.01 14.55 0 0.015 0.000 0.004 8/18/2013 10:00 0.01126335

8/16/2013 0:59 M 32340.000 0.01 59.876 0.022 14.548 0 0.003 0.000 0.000 8/18/2013 11:00 0.00710483

8/16/2013 1:00 32400 0.004 59.968 0.01 14.547 0 0.015 0.000 0.004 8/18/2013 12:00 0.00697263

8/16/2013 1:01 32460 0.001 59.876 0.003 14.548 0 0.022 0.000 0.012 8/18/2013 13:00 0.00308919

8/16/2013 1:02 32520 0.006 59.876 0.015 14.548 0 0.010 0.000 0.002 8/18/2013 14:00 0.00150936

8/16/2013 1:03 32580 0.005 59.876 0.011 14.547 0 0.014 0.000 0.004 8/18/2013 15:00 0.00298351

8/16/2013 1:04 32640 0.008 59.876 0.018 14.549 0 0.007 0.000 0.001 8/18/2013 16:00 0.00212215

8/16/2013 1:05 32700 0 59.876 0.001 14.544 0 0.024 0.000 0.014 8/18/2013 17:00 0.00475987

8/16/2013 1:06 32760 0.002 59.876 0.005 14.546 0 0.020 0.000 0.009 8/18/2013 18:00 0.00678368

8/16/2013 1:07 32820 0.002 59.876 0.005 14.549 0 0.020 0.000 0.009 8/18/2013 19:00 0.00290272

8/16/2013 1:08 32880 0.002 59.876 0.005 14.547 0 0.020 0.000 0.009 8/18/2013 20:00 0.00152036

8/16/2013 1:09 32940 0.003 59.876 0.007 14.548 0 0.018 0.000 0.007 8/18/2013 21:00 0.00324338

8/16/2013 1:10 33000 0 59.876 0.001 14.55 9.041E 08 0.026 0.000 0.018 8/18/2013 22:00 0.00219069

8/16/2013 1:11 33060 0.002 59.968 0.006 14.548 0 0.019 0.000 0.008 8/18/2013 23:00 0.00159703

8/16/2013 1:12 33120 0.002 59.876 0.005 14.547 0 0.020 0.000 0.009 8/19/2013 0:00 0.00104984

8/16/2013 1:13 33180 0.001 59.876 0.003 14.548 0 0.022 0.000 0.012 8/19/2013 1:00 0.00101298

8/16/2013 1:14 33240 0.007 59.785 0.017 14.549 0 0.008 0.000 0.001 8/19/2013 2:00 0.00087912

8/16/2013 1:15 33300 0.002 59.876 0.006 14.55 0 0.019 0.000 0.008 8/19/2013 3:00 0.00071654

8/16/2013 1:16 33360 0.006 59.876 0.014 14.549 0 0.011 0.000 0.002 8/19/2013 4:00 0.00066338

8/16/2013 1:17 33420 0.002 59.876 0.006 14.549 0 0.019 0.000 0.008 8/19/2013 5:00 0.00046145

8/16/2013 1:18 33480 0 59.876 0.001 14.544 0 0.024 0.000 0.014 8/19/2013 6:00 0.00041537

8/16/2013 1:19 33540 0 59.876 0 14.549 0 0.025 0.000 0.016 8/19/2013 7:00 0.00098985

8/16/2013 1:20 33600 0.002 59.876 0.006 14.55 0 0.019 0.000 0.008 8/19/2013 8:00 0.01344220

8/16/2013 1:21 33660 0.008 59.785 0.018 14.551 0 0.007 0.000 0.001 8/19/2013 9:00 0.04382204

8/16/2013 1:22 33720 0.005 59.785 0.013 14.551 0 0.012 0.000 0.003 8/19/2013 10:00 0.05566719

8/16/2013 1:23 33780 0.003 59.785 0.008 14.548 0 0.017 0.000 0.006 8/19/2013 11:00 0.00900726

8/16/2013 1:24 33840 0.003 59.785 0.008 14.547 0 0.017 0.000 0.006 8/19/2013 12:00 0.02489029

8/16/2013 1:25 33900 0 59.785 0.001 14.543 9.041E 08 0.026 0.000 0.018 8/19/2013 13:00 0.03027101

8/16/2013 1:26 33960 0 59.785 0 14.545 0 0.025 0.000 0.016 8/19/2013 14:00 0.01042057

8/16/2013 1:27 34020 0.005 59.785 0.011 14.548 0 0.014 0.000 0.004 8/19/2013 15:00 0.00678625
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

8/16/2013 1:28 34080 0.006 59.785 0.014 14.548 0 0.011 0.000 0.002 8/19/2013 16:00 0.02455598

8/16/2013 1:29 34140 0.002 59.785 0.006 14.547 0 0.019 0.000 0.008 8/19/2013 17:00 0.01482542

8/16/2013 1:30 34200 0.005 59.785 0.012 14.549 0 0.013 0.000 0.003 8/19/2013 18:00 0.00648911

8/16/2013 1:31 34260 0.004 59.785 0.008 14.549 0 0.017 0.000 0.006 8/19/2013 19:00 0.01096705

8/16/2013 1:32 34320 0.001 59.785 0.003 14.547 0 0.022 0.000 0.012 8/19/2013 20:00 0.00503001

8/16/2013 1:33 34380 0.002 59.785 0.005 14.546 4.894E 06 0.030 0.000 0.025 8/19/2013 21:00 0.00373591

8/16/2013 1:34 34440 0.004 59.785 0.01 14.549 0 0.015 0.000 0.004 8/19/2013 22:00 0.00485229

8/16/2013 1:35 34500 0.005 59.785 0.011 14.55 0 0.014 0.000 0.004 8/19/2013 23:00 0.00317614

8/16/2013 1:36 34560 0.001 59.785 0.001 14.546 0 0.024 0.000 0.014 8/20/2013 0:00 0.00199914

8/16/2013 1:37 34620 0.004 59.785 0.01 14.55 0 0.015 0.000 0.004 8/20/2013 1:00 0.00183052

8/16/2013 1:38 34680 0.007 59.785 0.015 14.55 0 0.010 0.000 0.002 8/20/2013 2:00 0.00147579

8/16/2013 1:39 34740 0.004 59.785 0.01 14.547 0 0.015 0.000 0.004 8/20/2013 3:00 0.00136868

8/16/2013 1:40 34800 0.008 59.785 0.018 14.55 0 0.007 0.000 0.001 8/20/2013 4:00 0.00099824

8/16/2013 1:41 34860 0.007 59.693 0.016 14.547 0 0.009 0.000 0.001 8/20/2013 5:00 0.00085527

8/16/2013 1:42 34920 0.008 59.693 0.019 14.548 0 0.006 0.000 0.000 8/20/2013 6:00 0.00068438

8/16/2013 1:43 34980 0.007 59.785 0.016 14.548 0 0.009 0.000 0.001 8/20/2013 7:00 0.00062971

8/16/2013 1:44 35040 0.004 59.693 0.01 14.548 0 0.015 0.000 0.004 8/20/2013 8:00 0.00038499

8/16/2013 1:45 35100 0.006 59.693 0.013 14.551 0 0.012 0.000 0.003 8/20/2013 9:00 0.00034624

8/16/2013 1:46 35160 0 59.785 0.001 14.546 0 0.024 0.000 0.014 8/20/2013 10:00 0.00032241

8/16/2013 1:47 35220 0.005 59.785 0.011 14.55 0 0.014 0.000 0.004 8/20/2013 11:00 0.00035323

8/16/2013 1:48 35280 0.004 59.785 0.009 14.548 0 0.016 0.000 0.005 8/20/2013 12:00 0.00032669

8/16/2013 1:49 35340 0.002 59.693 0.004 14.546 0 0.021 0.000 0.010 8/20/2013 13:00 0.00028633

8/16/2013 1:50 35400 0.002 59.693 0.006 14.547 0 0.019 0.000 0.008 8/20/2013 14:00 0.00022060

8/16/2013 1:51 35460 0.008 59.693 0.02 14.55 0 0.005 0.000 0.000 8/20/2013 15:00 0.00020870

8/16/2013 1:52 35520 0.005 59.693 0.013 14.548 0 0.012 0.000 0.003 8/20/2013 16:00 0.00677943

8/16/2013 1:53 35580 0.011 59.693 0.025 14.55 0 0.000 0.000 0.000 8/20/2013 17:00 0.01353568

8/16/2013 1:54 35640 0.008 59.693 0.017 14.549 0 0.008 0.000 0.001 8/20/2013 18:00 0.00951828

8/16/2013 1:55 35700 0.011 59.601 0.025 14.549 0 0.000 0.000 0.000 8/20/2013 19:00 0.01755948

8/16/2013 1:56 35760 0.004 59.693 0.009 14.548 0 0.016 0.000 0.005 8/20/2013 20:00 0.00850504

8/16/2013 1:57 35820 0.007 59.693 0.015 14.552 0 0.010 0.000 0.002 8/20/2013 21:00 0.00309798

8/16/2013 1:58 35880 0.009 59.693 0.02 14.551 0 0.005 0.000 0.000 8/20/2013 22:00 0.00168028

8/16/2013 1:59 35940 0.006 59.601 0.014 14.549 0 0.011 0.000 0.002 8/20/2013 23:00 0.00136635

8/16/2013 2:00 36000 0.009 59.693 0.02 14.549 0 0.005 0.000 0.000 8/21/2013 0:00 0.00134933

8/16/2013 2:01 36060 0.004 59.693 0.01 14.548 0 0.015 0.000 0.004 8/21/2013 1:00 0.00103051

8/16/2013 2:02 36120 0.002 59.601 0.005 14.547 0 0.020 0.000 0.009 8/21/2013 2:00 0.00129868

8/16/2013 2:03 36180 0 59.693 0.001 14.545 9.041E 08 0.026 0.000 0.018 8/21/2013 3:00 0.00731876

8/16/2013 2:04 36240 0.004 59.601 0.01 14.547 0 0.015 0.000 0.004 8/21/2013 4:00 0.01515610

8/16/2013 2:05 36300 0.006 59.601 0.013 14.548 0 0.012 0.000 0.003 8/21/2013 5:00 0.01265032

8/16/2013 2:06 36360 0.005 59.601 0.012 14.546 0 0.013 0.000 0.003 8/21/2013 6:00 0.00718472

8/16/2013 2:07 36420 0.008 59.601 0.018 14.549 0 0.007 0.000 0.001 8/21/2013 7:00 0.00372321

8/16/2013 2:08 36480 0.007 59.601 0.017 14.547 0 0.008 0.000 0.001 8/21/2013 8:00 0.00529605

8/16/2013 2:09 36540 0.008 59.601 0.018 14.548 0 0.007 0.000 0.001 8/21/2013 9:00 0.00423353

8/16/2013 2:10 36600 0.006 59.601 0.015 14.547 0 0.010 0.000 0.002 8/21/2013 10:00 0.00407726

8/16/2013 2:11 36660 0.005 59.601 0.011 14.545 0 0.014 0.000 0.004 8/21/2013 11:00 0.01425206
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

8/16/2013 2:12 36720 0.006 59.601 0.014 14.545 0 0.011 0.000 0.002 8/21/2013 12:00 0.01646895

8/16/2013 2:13 36780 0.004 59.601 0.009 14.545 0 0.016 0.000 0.005 8/21/2013 13:00 0.01704210

8/16/2013 2:14 36840 0.003 59.601 0.006 14.544 0 0.019 0.000 0.008 8/21/2013 14:00 0.01536197

8/16/2013 2:15 36900 0.004 59.601 0.01 14.545 0 0.015 0.000 0.004 8/21/2013 15:00 0.01425222

8/16/2013 2:16 36960 0.002 59.601 0.004 14.545 0 0.021 0.000 0.010 8/21/2013 16:00 0.00900352

8/16/2013 2:17 37020 0.006 59.601 0.015 14.544 0 0.010 0.000 0.002 8/21/2013 17:00 0.00797167

8/16/2013 2:18 37080 0.006 59.601 0.014 14.547 0 0.011 0.000 0.002 8/21/2013 18:00 0.00766866

8/16/2013 2:19 37140 0.001 59.601 0.003 14.542 1.379E 06 0.028 0.000 0.021 8/21/2013 19:00 0.01185509

8/16/2013 2:20 37200 0.005 59.601 0.011 14.544 0 0.014 0.000 0.004 8/21/2013 20:00 0.01178927

8/16/2013 2:21 37260 0.003 59.601 0.006 14.544 0 0.019 0.000 0.008 8/21/2013 21:00 0.00850082

8/16/2013 2:22 37320 0.003 59.601 0.006 14.544 0 0.019 0.000 0.008 8/21/2013 22:00 0.00677433

8/16/2013 2:23 37380 0.003 59.601 0.008 14.543 0 0.017 0.000 0.006 8/21/2013 23:00 0.02042982

8/16/2013 2:24 37440 0.002 59.601 0.006 14.546 0 0.019 0.000 0.008 8/22/2013 0:00 0.02301203

8/16/2013 2:25 37500 0.003 59.601 0.006 14.543 0 0.019 0.000 0.008 8/22/2013 1:00 0.01708674

8/16/2013 2:26 37560 0.006 59.601 0.014 14.546 0 0.011 0.000 0.002 8/22/2013 2:00 0.01327167

8/16/2013 2:27 37620 0.003 59.601 0.008 14.545 0 0.017 0.000 0.006 8/22/2013 3:00 0.01233762

8/16/2013 2:28 37680 0.003 59.601 0.008 14.544 0 0.017 0.000 0.006 8/22/2013 4:00 0.00777272

8/16/2013 2:29 37740 0.002 59.601 0.004 14.542 0 0.021 0.000 0.010 8/22/2013 5:00 0.00963786

8/16/2013 2:30 37800 0 59.509 0 14.542 0 0.025 0.000 0.016 8/22/2013 6:00 0.02356714

8/16/2013 2:31 37860 0.002 59.601 0.006 14.547 0 0.019 0.000 0.008 8/22/2013 7:00 0.03754118

8/16/2013 2:32 37920 0.001 59.601 0.003 14.542 0 0.022 0.000 0.012 8/22/2013 8:00 0.01053638

8/16/2013 2:33 37980 0.003 59.601 0.008 14.542 1.57E 05 0.033 0.001 0.032 8/22/2013 9:00 0.00370366

8/16/2013 2:34 38040 0.003 59.601 0.007 14.546 0 0.018 0.000 0.007 8/22/2013 10:00 0.01123112

8/16/2013 2:35 38100 0.002 59.601 0.004 14.543 0 0.021 0.000 0.010 8/22/2013 11:00 0.03510510

8/16/2013 2:36 38160 0.003 59.601 0.008 14.543 0 0.017 0.000 0.006 8/22/2013 12:00 0.01868954

8/16/2013 2:37 38220 0.005 59.601 0.011 14.546 0 0.014 0.000 0.004 8/22/2013 13:00 0.02480387

8/16/2013 2:38 38280 0.003 59.601 0.008 14.543 0 0.017 0.000 0.006 8/22/2013 14:00 0.01662458

8/16/2013 2:39 38340 0 59.601 0.001 14.542 0 0.024 0.000 0.014 8/22/2013 15:00 0.00909146

8/16/2013 2:40 38400 0.004 59.601 0.009 14.546 0 0.016 0.000 0.005 8/22/2013 16:00 0.00726548

8/16/2013 2:41 38460 0 59.601 0.001 14.543 0 0.024 0.000 0.014 8/22/2013 17:00 0.00303714

8/16/2013 2:42 38520 0.001 59.601 0.003 14.542 1.379E 06 0.028 0.000 0.021 8/22/2013 18:00 0.00374540

8/16/2013 2:43 38580 0 59.601 0.001 14.544 0 0.024 0.000 0.014 8/22/2013 19:00 0.00285937

8/16/2013 2:44 38640 0 59.601 0.001 14.541 9.041E 08 0.026 0.000 0.018 8/22/2013 20:00 0.01123474

8/16/2013 2:45 38700 0.006 59.601 0.015 14.543 0 0.010 0.000 0.002 8/22/2013 21:00 0.00482633

8/16/2013 2:46 38760 0 59.601 0.001 14.542 0 0.024 0.000 0.014 8/22/2013 22:00 0.00292085

8/16/2013 2:47 38820 0.005 59.601 0.011 14.544 0 0.014 0.000 0.004 8/22/2013 23:00 0.00221270

8/16/2013 2:48 38880 0.004 59.509 0.008 14.543 0 0.017 0.000 0.006 8/23/2013 0:00 0.00172629

8/16/2013 2:49 38940 0.002 59.509 0.005 14.543 0 0.020 0.000 0.009 8/23/2013 1:00 0.00182241

8/16/2013 2:50 39000 0.006 59.509 0.013 14.544 0 0.012 0.000 0.003 8/23/2013 2:00 0.00152799

8/16/2013 2:51 39060 0.004 59.509 0.009 14.545 0 0.016 0.000 0.005 8/23/2013 3:00 0.00133991

8/16/2013 2:52 39120 0.009 59.601 0.021 14.546 0 0.004 0.000 0.000 8/23/2013 4:00 0.00090221

8/16/2013 2:53 39180 0.003 59.509 0.006 14.545 0 0.019 0.000 0.008 8/23/2013 5:00 0.00088450

8/16/2013 2:54 39240 0.008 59.509 0.018 14.545 0 0.007 0.000 0.001 8/23/2013 6:00 0.00073093

8/16/2013 2:55 39300 0.003 59.509 0.006 14.545 0 0.019 0.000 0.008 8/23/2013 7:00 0.00093885
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

8/16/2013 2:56 39360 0.005 59.509 0.011 14.546 0 0.014 0.000 0.004 8/23/2013 8:00 0.00748053

8/16/2013 2:57 39420 0.008 59.509 0.018 14.546 0 0.007 0.000 0.001 8/23/2013 9:00 0.00395426

8/16/2013 2:58 39480 0 59.509 0.001 14.542 9.041E 08 0.026 0.000 0.018 8/23/2013 10:00 0.00192046

8/16/2013 2:59 39540 0.002 59.509 0.004 14.542 0 0.021 0.000 0.010 8/23/2013 11:00 0.00138010

8/16/2013 3:00 39600 0 59.509 0.001 14.541 9.041E 08 0.026 0.000 0.018 8/23/2013 12:00 0.00096011

8/16/2013 3:01 39660 0.005 59.509 0.011 14.543 0 0.014 0.000 0.004 8/23/2013 13:00 0.00054869

8/16/2013 3:02 39720 0.002 59.509 0.004 14.542 0 0.021 0.000 0.010 8/23/2013 14:00 0.00036174

8/16/2013 3:03 39780 0 59.509 0 14.542 0 0.025 0.000 0.016 8/23/2013 15:00 0.00023767

8/16/2013 3:04 39840 0.002 59.509 0.006 14.542 0 0.019 0.000 0.008 8/23/2013 16:00 0.00020842

8/16/2013 3:05 39900 0.002 59.509 0.005 14.539 4.894E 06 0.030 0.000 0.025 8/23/2013 17:00 0.00024891

8/16/2013 3:06 39960 0.004 59.417 0.01 14.542 0 0.015 0.000 0.004 8/23/2013 18:00 0.00023752

8/16/2013 3:07 40020 0.001 59.509 0.002 14.541 0 0.023 0.000 0.013 8/23/2013 19:00 0.00035350

8/16/2013 3:08 40080 0.005 59.417 0.011 14.543 0 0.014 0.000 0.004 8/23/2013 20:00 0.00033665

8/16/2013 3:09 40140 0.005 59.417 0.013 14.544 0 0.012 0.000 0.003 8/23/2013 21:00 0.00030374

8/16/2013 3:10 40200 0.002 59.509 0.004 14.542 0 0.021 0.000 0.010 8/23/2013 22:00 0.00034732

8/16/2013 3:11 40260 0 59.509 0 14.544 0 0.025 0.000 0.016 8/23/2013 23:00 0.00071832

8/16/2013 3:12 40320 0 59.417 0.001 14.54 0 0.024 0.000 0.014 8/24/2013 0:00 0.00456086

8/16/2013 3:13 40380 0.002 59.417 0.004 14.542 0 0.021 0.000 0.010 8/24/2013 1:00 0.01744563

8/16/2013 3:14 40440 0.001 59.417 0.002 14.541 0 0.023 0.000 0.013 8/24/2013 2:00 0.00474870

8/16/2013 3:15 40500 0.001 59.417 0.001 14.541 9.041E 08 0.026 0.000 0.018 8/24/2013 3:00 0.00218471

8/16/2013 3:16 40560 0.001 59.417 0.003 14.538 1.379E 06 0.028 0.000 0.021 8/24/2013 4:00 0.00156746

8/16/2013 3:17 40620 0 59.417 0 14.54 0 0.025 0.000 0.016 8/24/2013 5:00 0.00119573

8/16/2013 3:18 40680 0.001 59.417 0.003 14.543 0 0.022 0.000 0.012 8/24/2013 6:00 0.00091453

8/16/2013 3:19 40740 0.002 59.326 0.003 14.54 1.379E 06 0.028 0.000 0.021 8/24/2013 7:00 0.00065167

8/16/2013 3:20 40800 0.001 59.417 0.002 14.541 5.044E 07 0.027 0.000 0.019 8/24/2013 8:00 0.00059721

8/16/2013 3:21 40860 0.006 59.326 0.013 14.545 0 0.012 0.000 0.003 8/24/2013 9:00 0.00044679

8/16/2013 3:22 40920 0.007 59.417 0.016 14.544 0 0.009 0.000 0.001 8/24/2013 10:00 0.00053100

8/16/2013 3:23 40980 0.002 59.326 0.005 14.542 0 0.020 0.000 0.009 8/24/2013 11:00 0.00040155

8/16/2013 3:24 41040 0.003 59.326 0.008 14.541 0 0.017 0.000 0.006 8/24/2013 12:00 0.00050269

8/16/2013 3:25 41100 0.001 59.326 0.002 14.538 5.044E 07 0.027 0.000 0.019 8/24/2013 13:00 0.00044835

8/16/2013 3:26 41160 0.004 59.326 0.009 14.543 0 0.016 0.000 0.005 8/24/2013 14:00 0.00037846

8/16/2013 3:27 41220 0.002 59.417 0.006 14.541 0 0.019 0.000 0.008 8/24/2013 15:00 0.00029250

8/16/2013 3:28 41280 0.005 59.326 0.011 14.544 0 0.014 0.000 0.004 8/24/2013 16:00 0.00027678

8/16/2013 3:29 41340 0.006 59.326 0.014 14.541 0 0.011 0.000 0.002 8/24/2013 17:00 0.00017211

8/16/2013 3:30 41400 0.007 59.326 0.016 14.545 0 0.009 0.000 0.001 8/24/2013 18:00 0.00016912

8/16/2013 3:31 41460 0.003 59.326 0.007 14.541 0 0.018 0.000 0.007 8/24/2013 19:00 0.00012009

8/16/2013 3:32 41520 0.006 59.326 0.014 14.543 0 0.011 0.000 0.002 8/24/2013 20:00 0.00014576

8/16/2013 3:33 41580 0.009 59.326 0.021 14.543 0 0.004 0.000 0.000 8/24/2013 21:00 0.00021502

8/16/2013 3:34 41640 0.004 59.326 0.009 14.541 0 0.016 0.000 0.005 8/24/2013 22:00 0.00029729

8/16/2013 3:35 41700 0.001 59.326 0.002 14.54 5.044E 07 0.027 0.000 0.019 8/24/2013 23:00 0.00030036

8/16/2013 3:36 41760 0.003 59.326 0.007 14.54 0 0.018 0.000 0.007 8/25/2013 0:00 0.00035470

8/16/2013 3:37 41820 0.007 59.326 0.016 14.541 0 0.009 0.000 0.001 Peak = 0.05566719

8/16/2013 3:38 41880 0.003 59.326 0.007 14.54 0 0.018 0.000 0.007

9/4/2013 0:00 484800 0.009 0.022 14.375 0.0001929 0.047 0.001 0.076 3,443 9/4/2013 0:00 0
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

9/4/2013 0:01 484860 0.012 0.027 14.372 0.0003206 0.052 0.002 0.098 9/4/2013 0:30 0.001

9/4/2013 0:02 484920 0.009 0.02 14.375 0.0001523 0.045 0.001 0.068 9/4/2013 1:00 0.007

9/4/2013 0:03 484980 0.01 0.023 14.375 0.0002154 0.048 0.001 0.080 9/4/2013 1:30 0.043

9/4/2013 0:04 485040 0.009 0.022 14.374 0.0001929 0.047 0.001 0.076 9/4/2013 2:00 0.042

9/4/2013 0:05 485100 0.006 0.015 14.376 7.463E 05 0.040 0.001 0.051 9/4/2013 2:30 0.024

9/4/2013 0:06 485160 0.013 0.03 14.373 0.0004164 0.055 0.002 0.112 9/4/2013 3:00 0.016

9/4/2013 0:07 485220 0.014 0.031 14.373 0.0004516 0.056 0.002 0.117 9/4/2013 3:30 0.041

9/4/2013 0:08 485280 0.012 0.027 14.374 0.0003206 0.052 0.002 0.098 9/4/2013 4:00 0.057

9/4/2013 0:09 485340 0.007 0.016 14.372 8.758E 05 0.041 0.001 0.054 9/4/2013 4:30 0.076

9/4/2013 0:10 485400 0.013 0.03 14.372 0.0004164 0.055 0.002 0.112 9/4/2013 5:00 0.091

9/4/2013 0:11 485460 0.008 0.018 14.378 0.0001173 0.043 0.001 0.061 9/4/2013 5:30 0.058

9/4/2013 0:12 485520 0.004 0.009 14.375 2.102E 05 0.034 0.001 0.034 9/4/2013 6:00 0.018

9/4/2013 0:13 485580 0.002 0.004 14.376 2.814E 06 0.029 0.000 0.023 9/4/2013 6:30 0.009

9/4/2013 0:14 485640 0.013 0.03 14.371 0.0004164 0.055 0.002 0.112 9/4/2013 7:00 0.006

9/4/2013 0:15 485700 0.01 0.022 14.372 0.0001929 0.047 0.001 0.076 9/4/2013 7:30 0.005

9/4/2013 0:16 485760 0.013 0.031 14.369 0.0004516 0.056 0.002 0.117 9/4/2013 8:00 0.003

9/4/2013 0:17 485820 0.011 0.024 14.373 0.0002394 0.049 0.001 0.084 9/4/2013 8:30 0.003

9/4/2013 0:18 485880 0.012 0.028 14.37 0.0003509 0.053 0.002 0.102 9/4/2013 9:00 0.004

9/4/2013 0:19 485940 0.01 0.022 14.374 0.0001929 0.047 0.001 0.076 9/4/2013 9:30 0.005

9/4/2013 0:20 486000 0.011 0.024 14.373 0.0002394 0.049 0.001 0.084 9/4/2013 10:00 0.005

9/4/2013 0:21 486060 0.012 0.027 14.374 0.0003206 0.052 0.002 0.098 9/4/2013 10:30 0.004

9/4/2013 0:22 486120 0.006 0.014 14.376 6.289E 05 0.039 0.001 0.048 9/4/2013 11:00 0.007

9/4/2013 0:23 486180 0.008 0.019 14.374 0.0001341 0.044 0.001 0.065 9/4/2013 11:30 0.012

9/4/2013 0:24 486240 0.009 0.021 14.373 0.0001719 0.046 0.001 0.072 9/4/2013 12:00 0.009

9/4/2013 0:25 486300 0.013 0.029 14.373 0.0003828 0.054 0.002 0.107 9/4/2013 12:30 0.022

9/4/2013 0:26 486360 0.01 0.024 14.374 0.0002394 0.049 0.001 0.084 9/4/2013 13:00 0.069

9/4/2013 0:27 486420 0.01 0.022 14.374 0.0001929 0.047 0.001 0.076 9/4/2013 13:30 0.042

9/4/2013 0:28 486480 0.007 0.017 14.374 0.0001018 0.042 0.001 0.058 9/4/2013 14:00 0.042

9/4/2013 0:29 486540 0.008 0.019 14.376 0.0001341 0.044 0.001 0.065 9/4/2013 14:30 0.017

9/4/2013 0:30 486600 0.015 0.034 14.369 0.0005679 0.059 0.002 0.134 9/4/2013 15:00 0.010

9/4/2013 0:31 486660 0.009 0.02 14.371 0.0001523 0.045 0.001 0.068 9/4/2013 15:30 0.012

9/4/2013 0:32 486720 0.01 0.023 14.372 0.0002154 0.048 0.001 0.080 9/4/2013 16:00 0.058

9/4/2013 0:33 486780 0.009 0.02 14.372 0.0001523 0.045 0.001 0.068 9/4/2013 16:30 0.061

9/4/2013 0:34 486840 0.008 0.018 14.374 0.0001173 0.043 0.001 0.061 9/4/2013 17:00 0.116

9/4/2013 0:35 486900 0.006 0.014 14.376 6.289E 05 0.039 0.001 0.048 9/4/2013 17:30 0.045

9/4/2013 0:36 486960 0.007 0.017 14.373 0.0001018 0.042 0.001 0.058 9/4/2013 18:00 0.041

9/4/2013 0:37 487020 0.006 0.013 14.372 5.233E 05 0.038 0.001 0.045 9/4/2013 18:30 0.040

9/4/2013 0:38 487080 0.007 0.015 14.376 7.463E 05 0.040 0.001 0.051 9/4/2013 19:00 0.040

9/4/2013 0:39 487140 0.014 0.033 14.373 0.0005274 0.058 0.002 0.128 9/4/2013 19:30 0.087

9/4/2013 0:40 487200 0.01 0.022 14.372 0.0001929 0.047 0.001 0.076 9/4/2013 20:00 0.169

9/4/2013 0:41 487260 0.01 0.024 14.371 0.0002394 0.049 0.001 0.084 9/4/2013 20:30 0.083

9/4/2013 0:42 487320 0.01 0.023 14.373 0.0002154 0.048 0.001 0.080 9/4/2013 21:00 0.098

9/4/2013 0:43 487380 0.004 0.01 14.376 2.73E 05 0.035 0.001 0.037 9/4/2013 21:30 0.158

9/4/2013 0:44 487440 0.012 0.027 14.373 0.0003206 0.052 0.002 0.098 9/4/2013 22:00 0.079
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

9/4/2013 0:45 487500 0.007 0.016 14.374 8.758E 05 0.041 0.001 0.054 9/4/2013 22:30 0.037

9/4/2013 0:46 487560 0.007 0.017 14.372 0.0001018 0.042 0.001 0.058 9/4/2013 23:00 0.020

9/4/2013 0:47 487620 0.009 0.021 14.374 0.0001719 0.046 0.001 0.072 9/4/2013 23:30 0.012

9/4/2013 0:48 487680 0.008 0.019 14.373 0.0001341 0.044 0.001 0.065 9/5/2013 0:00 0.008

9/4/2013 0:49 487740 0.008 0.019 14.375 0.0001341 0.044 0.001 0.065 Peak Hour = 0.168608144

9/4/2013 0:50 487800 0.008 0.019 14.375 0.0001341 0.044 0.001 0.065

9/5/2013 0:00 571200 0.024 0.056 14.567 0.0019575 0.081 0.005 0.293 1,270 9/25/13 0:00

9/25/2013 0:00 1157400 0.004 0.01 14.579 0 0.000 0.000 0.000 0:59 0

9/25/2013 0:01 1157460 0.006 0.013 14.579 0 0.000 0.000 0.000 1:29 0.011

9/25/2013 0:02 1157520 0.003 0.007 14.579 0 0.000 0.000 0.000 1:59 0.026

9/25/2013 0:03 1157580 0.002 0.005 14.578 0 0.000 0.000 0.000 2:29 0.013

9/25/2013 0:04 1157640 0.003 0.008 14.58 0 0.000 0.000 0.000 2:59 0.012

9/25/2013 0:05 1157700 0.001 0.002 14.578 5.044E 07 0.002 0.000 0.000 3:29 0.013

9/25/2013 0:06 1157760 0 0.001 14.581 9.041E 08 0.001 0.000 0.000 3:59 0.015

9/25/2013 0:07 1157820 0.006 0.013 14.582 0 0.000 0.000 0.000 4:29 0.018

9/25/2013 0:08 1157880 0.003 0.008 14.581 0 0.000 0.000 0.000 4:59 0.014

9/25/2013 0:09 1157940 0.001 0.002 14.578 0 0.000 0.000 0.000 5:29 0.008

9/25/2013 0:10 1158000 0.004 0.009 14.58 0 0.000 0.000 0.000 5:59 0.007

9/25/2013 0:11 1158060 0.003 0.008 14.578 0 0.000 0.000 0.000 6:29 0.020

9/25/2013 0:12 1158120 0.008 0.018 14.58 0 0.000 0.000 0.000 6:59 0.027

9/25/2013 0:13 1158180 0.006 0.015 14.579 0 0.000 0.000 0.000 7:29 0.109

9/25/2013 0:14 1158240 0.002 0.004 14.578 0 0.000 0.000 0.000 7:59 0.076

9/25/2013 0:15 1158300 0.004 0.009 14.578 0 0.000 0.000 0.000 8:29 0.093

9/25/2013 0:16 1158360 0.003 0.008 14.576 0 0.000 0.000 0.000 8:59 0.067

9/25/2013 0:17 1158420 0.005 0.011 14.578 0 0.000 0.000 0.000 9:29 0.071

9/25/2013 0:18 1158480 0.012 0.029 14.578 0 0.000 0.000 0.000 9:59 0.040

9/25/2013 0:19 1158540 0.002 0.005 14.571 0 0.000 0.000 0.000 10:29 0.014

9/25/2013 0:20 1158600 0.003 0.006 14.575 0 0.000 0.000 0.000 10:59 0.006

9/25/2013 0:21 1158660 0.006 0.013 14.575 0 0.000 0.000 0.000 11:29 0.003

9/25/2013 0:22 1158720 0.005 0.013 14.577 0 0.000 0.000 0.000 11:59 0.002

9/25/2013 0:23 1158780 0.008 0.018 14.576 0 0.000 0.000 0.000 12:29 0.001

9/25/2013 0:24 1158840 0.003 0.008 14.572 0 0.000 0.000 0.000 12:59 0.001

9/25/2013 0:25 1158900 0.009 0.022 14.575 0 0.000 0.000 0.000 13:29 0.000

9/25/2013 0:26 1158960 0.001 0.003 14.573 0 0.000 0.000 0.000 13:59 0.000

9/25/2013 0:27 1159020 0.007 0.016 14.575 0 0.000 0.000 0.000 14:29 0.001

9/25/2013 0:28 1159080 0.002 0.004 14.57 2.814E 06 0.004 0.000 0.000 14:59 0.002

9/25/2013 0:29 1159140 0.003 0.006 14.57 0 0.000 0.000 0.000 15:29 0.002

9/25/2013 0:30 1159200 0.003 0.006 14.57 0 0.000 0.000 0.000 15:59 0.001

9/25/2013 0:31 1159260 0.006 0.013 14.574 0 0.000 0.000 0.000 16:29 0.000

9/25/2013 0:32 1159320 0.001 0.002 14.567 5.044E 07 0.002 0.000 0.000 16:59 0.000

9/25/2013 0:33 1159380 0.002 0.005 14.57 0 0.000 0.000 0.000 17:29 0.000

9/25/2013 0:34 1159440 0.005 0.011 14.572 0 0.000 0.000 0.000 17:59 0.000

9/25/2013 0:35 1159500 0.001 0.003 14.572 0 0.000 0.000 0.000 18:29 0.000

9/25/2013 0:36 1159560 0 0.001 14.571 0 0.000 0.000 0.000 18:59 0.001
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RJSP

Outflow Data and Calculations

Zero Line Offset Zero Line Offset
*This assumes constant flow over 1 minute interval.

Adjusted Surface Elevation

(ft)
Adjusted Flow (cfs)

Volume of water* (cubic

feet)
Total Volume Averaged Time

Average Flow

(cfs)

Barometric

Pressure (PSI)
Flow (cfs)Date and Time Seconds

Pressure

(PSI)

Temperature

(C )

Level Surface

Elevation (ft)

9/25/2013 0:37 1159620 0.002 0.006 14.573 0 0.000 0.000 0.000 19:29 0.003

9/25/2013 0:38 1159680 0.007 0.016 14.572 0 0.000 0.000 0.000 19:59 0.002

9/25/2013 0:39 1159740 0.003 0.006 14.571 0 0.000 0.000 0.000 20:29 0.001

9/25/2013 0:40 1159800 0.006 0.014 14.573 0 0.000 0.000 0.000 20:59 0.000

9/25/2013 0:41 1159860 0.003 0.008 14.575 0 0.000 0.000 0.000 21:29 0.000

9/25/2013 0:42 1159920 0.003 0.007 14.574 0 0.000 0.000 0.000 21:59 0.000

9/25/2013 0:43 1159980 0.007 0.017 14.572 0 0.000 0.000 0.000 22:29 0.001

9/25/2013 0:44 1160040 0.004 0.01 14.569 0 0.000 0.000 0.000 22:59 0.005

9/25/2013 0:45 1160100 0.005 0.011 14.575 0 0.000 0.000 0.000 23:29 0.011

9/25/2013 0:46 1160160 0.004 0.01 14.573 0 0.000 0.000 0.000 23:59 0.002

9/25/2013 0:47 1160220 0.004 0.009 14.574 0 0.000 0.000 0.000 Peak = 0.109068806
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Appendix G: Taku Lake Data and Calculations

1. NCDC AIA Rainfall/Pressure Data and Inflow Calculations

2. Raw Pressure Transducer Data

3. Corrected Pressure Transducer Data and Outflow Calculations



NDCD AIA Data and Inflow Calculations

Impervious Parking Area: 12150 SF

Additional Impervious Area (75%): 6629 SF

Pervious Area (30%): 6803 SF

Sum 25582 SF

Date Time

SeaLevel

Pressure

(InHg)

Rainfall

(inches)

Inflow

(cfs)

Total Rainfall

(inches)

Inflow

Volume (cf)

7/21/2012 53 29.85 0 0.53 1130

7/21/2012 153 29.86 0

7/21/2012 253 29.85 0

7/21/2012 353 29.86 0.02 0.012

7/21/2012 453 29.86 0.04 0.024

7/21/2012 553 29.87 0.05 0.030

7/21/2012 653 29.86 0.01 0.006

7/21/2012 753 29.86 0.01 0.006

7/21/2012 853 29.86 0.000

7/21/2012 953 29.87 0.03 0.018

7/21/2012 1053 29.87 0.06 0.036

7/21/2012 1153 29.88 0.09 0.053

7/21/2012 1253 29.87 0.03 0.018

7/21/2012 1353 29.87 0.000

7/21/2012 1453 29.87 0.000

7/21/2012 1553 29.88 0.000

7/21/2012 1653 29.88 0.06 0.036

7/21/2012 1753 29.87 0.05 0.030

7/21/2012 1853 29.89 0.03 0.018

7/21/2012 1953 29.89 0.01 0.006

7/21/2012 2053 29.89 0.01 0.006

7/21/2012 2153 29.9 0.01 0.006

7/21/2012 2253 29.89 0.01 0.006

7/21/2012 2353 29.89 0.01 0.006

Peak =

0.053

NCDC Data from AIA Calculated Values
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NDCD AIA Data and Inflow Calculations

Date Time

SeaLevel

Pressure

(InHg)

Rainfall

(inches)

Inflow

(cfs)

Total Rainfall

(inches)

Inflow

Volume (cf)

NCDC Data from AIA Calculated Values

9/19/2012 53 29.81 0 0.000 1.41 3006

9/19/2012 153 29.8 0.01 0.006

9/19/2012 253 29.76 0.01 0.006

9/19/2012 353 29.72 0.01 0.006

9/19/2012 453 29.69 0.01 0.006

9/19/2012 553 29.65 0.01 0.006

9/19/2012 653 29.62 0.03 0.018

9/19/2012 753 29.61 0.03 0.018

9/19/2012 853 29.59 0.02 0.012

9/19/2012 953 29.54 0.08 0.047

9/19/2012 1053 29.55 0.08 0.047

9/19/2012 1153 29.51 0.06 0.036

9/19/2012 1253 29.49 0.08 0.047

9/19/2012 1353 29.49 0.13 0.077

9/19/2012 1453 29.48 0.17 0.101

9/19/2012 1553 29.51 0.16 0.095

9/19/2012 1653 29.48 0.14 0.083

9/19/2012 1753 29.47 0.1 0.059

9/19/2012 1853 29.48 0.1 0.059

9/19/2012 1953 29.51 0.1 0.059

9/19/2012 2053 29.53 0.08 0.047

9/19/2012 2153 29.56 0 0.000

9/19/2012 2253 29.59 0 0.000

9/19/2012 2353 29.62 0 0.000

Peak =

0.101
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Taku Lake

Raw Pressure Transducer Data

Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft

SN#: 316634 SN#: 316634 SN#: 316634

Date and Time Pressure (PSI) Temperature (C) Depth (ft)

7/21/2012 0:08 14.631 12.465 33.782

7/21/2012 0:23 14.627 12.439 33.774

7/21/2012 0:38 14.628 12.421 33.775

7/21/2012 0:53 14.63 12.427 33.781

7/21/2012 1:08 14.633 12.43 33.787

7/21/2012 1:23 14.635 12.424 33.792

7/21/2012 1:38 14.639 12.415 33.801

7/21/2012 1:53 14.644 12.397 33.813

7/21/2012 2:08 14.646 12.359 33.817

7/21/2012 2:23 14.647 12.357 33.818

7/21/2012 2:38 14.647 12.347 33.818

7/21/2012 2:53 14.645 12.339 33.816

7/21/2012 3:08 14.644 12.295 33.814

7/21/2012 3:23 14.642 12.29 33.808

7/21/2012 3:38 14.639 12.289 33.8

7/21/2012 3:53 14.638 12.294 33.799

7/21/2012 4:08 14.641 12.283 33.805

7/21/2012 4:23 14.64 12.284 33.804

7/21/2012 4:38 14.641 12.263 33.805

7/21/2012 4:53 14.643 12.244 33.81

7/21/2012 5:08 14.645 12.245 33.815

7/21/2012 5:23 14.643 12.216 33.81

7/21/2012 5:38 14.644 12.222 33.812

7/21/2012 5:53 14.647 12.224 33.818

7/21/2012 6:08 14.647 12.231 33.819

7/21/2012 6:23 14.648 12.195 33.823

7/21/2012 6:38 14.649 12.187 33.823

7/21/2012 6:53 14.649 12.197 33.825

7/21/2012 7:08 14.647 12.21 33.819

7/21/2012 7:23 14.647 12.219 33.82

7/21/2012 7:38 14.645 12.217 33.815

7/21/2012 7:53 14.646 12.187 33.817

7/21/2012 8:08 14.648 12.182 33.821

7/21/2012 8:23 14.646 12.216 33.817

7/21/2012 8:38 14.642 12.214 33.807

7/21/2012 8:53 14.646 12.246 33.817

7/21/2012 9:08 14.645 12.264 33.815

7/21/2012 9:23 14.646 12.264 33.818

7/21/2012 9:38 14.644 12.276 33.812

7/21/2012 9:53 14.645 12.296 33.815

7/21/2012 10:08 14.645 12.335 33.815

7/21/2012 10:23 14.647 12.356 33.82

7/21/2012 10:38 14.646 12.362 33.818

7/21/2012 10:53 14.649 12.379 33.824

7/21/2012 11:08 14.647 12.393 33.82
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Taku Lake

Raw Pressure Transducer Data

Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft

SN#: 316634 SN#: 316634 SN#: 316634

Date and Time Pressure (PSI) Temperature (C) Depth (ft)

7/21/2012 11:23 14.644 12.346 33.814

7/21/2012 11:38 14.648 12.366 33.821

7/21/2012 11:53 14.647 12.292 33.819

7/21/2012 12:08 14.667 9.373 33.866

7/21/2012 12:23 14.672 9.172 33.878

7/21/2012 12:38 14.681 9.415 33.897

7/21/2012 12:53 14.694 10.647 33.929

7/21/2012 13:08 14.69 11.816 33.919

7/21/2012 13:23 14.675 12.199 33.884

7/21/2012 13:38 14.666 12.308 33.863

7/21/2012 13:53 14.674 12.713 33.882

7/21/2012 14:08 14.67 12.928 33.872

7/21/2012 14:23 14.662 12.901 33.855

7/21/2012 14:38 14.653 12.735 33.833

7/21/2012 14:53 14.643 12.652 33.809

7/21/2012 15:08 14.643 12.549 33.81

7/21/2012 15:23 14.647 12.631 33.819

7/21/2012 15:38 14.647 12.757 33.819

7/21/2012 15:53 14.647 12.615 33.819

7/21/2012 16:08 14.648 12.634 33.823

7/21/2012 16:23 14.647 12.834 33.818

7/21/2012 16:38 14.646 12.733 33.817

7/21/2012 16:53 14.647 12.721 33.818

7/21/2012 17:08 14.647 12.637 33.82

7/21/2012 17:23 14.648 12.552 33.823

7/21/2012 17:38 14.647 12.437 33.819

7/21/2012 17:53 14.685 13.089 33.908

7/21/2012 18:08 14.681 13.412 33.898

7/21/2012 18:23 14.683 13.778 33.902

7/21/2012 18:38 14.676 14.075 33.887

7/21/2012 18:53 14.673 14.34 33.88

7/21/2012 19:08 14.68 14.868 33.897

7/21/2012 19:23 14.69 14.015 33.919

7/21/2012 19:38 14.692 12.959 33.923

7/21/2012 19:53 14.696 13.192 33.931

7/21/2012 20:08 14.699 13.382 33.939

7/21/2012 20:23 14.686 13.576 33.911

7/21/2012 20:38 14.677 14.633 33.888

7/21/2012 20:53 14.675 15.5 33.884

7/21/2012 21:08 14.67 15.479 33.872

7/21/2012 21:23 14.667 15.354 33.866

7/21/2012 21:38 14.661 15.192 33.852

7/21/2012 21:53 14.653 14.955 33.833

7/21/2012 22:08 14.653 14.698 33.833

7/21/2012 22:23 14.649 14.258 33.824
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Taku Lake

Raw Pressure Transducer Data

Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft

SN#: 316634 SN#: 316634 SN#: 316634

Date and Time Pressure (PSI) Temperature (C) Depth (ft)

7/21/2012 22:38 14.653 13.914 33.832

7/21/2012 22:53 14.651 13.646 33.828

7/21/2012 23:08 14.652 13.433 33.832

7/21/2012 23:23 14.652 13.313 33.83

7/21/2012 23:38 14.648 13.222 33.821

7/21/2012 23:53 14.651 13.166 33.828

9/19/2012 0:08 14.61 8.771 33.735

9/19/2012 0:23 14.616 8.759 33.748

9/19/2012 0:38 14.615 8.746 33.746

9/19/2012 0:53 14.622 8.679 33.761

9/19/2012 1:08 14.617 8.695 33.749

9/19/2012 1:23 14.618 8.646 33.753

9/19/2012 1:38 14.619 8.615 33.756

9/19/2012 1:53 14.613 8.588 33.74

9/19/2012 2:08 14.617 8.613 33.75

9/19/2012 2:23 14.613 8.73 33.74

9/19/2012 2:38 14.609 8.753 33.732

9/19/2012 2:53 14.608 8.674 33.731

9/19/2012 3:08 14.608 8.604 33.73

9/19/2012 3:23 14.601 8.611 33.714

9/19/2012 3:38 14.599 8.615 33.709

9/19/2012 3:53 14.591 8.586 33.689

9/19/2012 4:08 14.582 8.564 33.67

9/19/2012 4:23 14.581 8.525 33.668

9/19/2012 4:38 14.576 8.634 33.656

9/19/2012 4:53 14.568 8.644 33.637

9/19/2012 5:08 14.569 8.619 33.638

9/19/2012 5:23 14.565 8.521 33.631

9/19/2012 5:38 14.56 8.586 33.619

9/19/2012 5:53 14.56 8.527 33.618

9/19/2012 6:08 14.549 8.437 33.593

9/19/2012 6:23 14.551 8.45 33.599

9/19/2012 6:38 14.541 8.506 33.576

9/19/2012 6:53 14.538 8.447 33.569

9/19/2012 7:08 14.543 8.388 33.579

9/19/2012 7:23 14.531 8.357 33.551

9/19/2012 7:38 14.529 8.397 33.547

9/19/2012 7:53 14.517 8.351 33.519

9/19/2012 8:08 14.519 8.485 33.524

9/19/2012 8:23 14.518 8.428 33.522

9/19/2012 8:38 14.518 8.517 33.521

9/19/2012 8:53 14.513 8.492 33.509

9/19/2012 9:08 14.516 8.493 33.516

9/19/2012 9:23 14.51 8.557 33.503

9/19/2012 9:38 14.513 8.65 33.509
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Taku Lake

Raw Pressure Transducer Data

Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft

SN#: 316634 SN#: 316634 SN#: 316634

Date and Time Pressure (PSI) Temperature (C) Depth (ft)

9/19/2012 9:53 14.502 8.606 33.484

9/19/2012 10:08 14.502 9.155 33.485

9/19/2012 10:23 14.491 9.004 33.458

9/19/2012 10:38 14.495 8.94 33.468

9/19/2012 10:53 14.49 8.876 33.457

9/19/2012 11:08 14.491 8.862 33.459

9/19/2012 11:23 14.491 8.84 33.459

9/19/2012 11:38 14.49 8.82 33.458

9/19/2012 11:53 14.491 8.799 33.46

9/19/2012 12:08 14.5 8.782 33.48

9/19/2012 12:23 14.495 8.78 33.468

9/19/2012 12:38 14.483 8.758 33.442

9/19/2012 12:53 14.478 8.723 33.429

9/19/2012 13:08 14.477 8.738 33.428

9/19/2012 13:23 14.469 8.758 33.408

9/19/2012 13:38 14.461 8.769 33.391

9/19/2012 13:53 14.459 8.787 33.386

9/19/2012 14:08 14.457 8.813 33.381

9/19/2012 14:23 14.452 8.833 33.368

9/19/2012 14:38 14.442 8.827 33.346

9/19/2012 14:53 14.46 8.824 33.387

9/19/2012 15:08 14.461 8.82 33.39

9/19/2012 15:23 14.461 8.834 33.389

9/19/2012 15:38 14.486 8.697 33.447

9/19/2012 15:53 14.492 8.472 33.461

9/19/2012 16:08 14.514 8.509 33.512

9/19/2012 16:23 14.523 8.642 33.533

9/19/2012 16:38 14.525 8.719 33.538

9/19/2012 16:53 14.525 8.693 33.538

9/19/2012 17:08 14.534 8.645 33.558

9/19/2012 17:23 14.529 8.656 33.548

9/19/2012 17:38 14.534 8.686 33.559

9/19/2012 17:53 14.562 8.85 33.622

9/19/2012 18:08 14.553 8.949 33.601

9/19/2012 18:23 14.521 8.944 33.529

9/19/2012 18:38 14.515 8.975 33.514

9/19/2012 18:53 14.521 9.017 33.528

9/19/2012 19:08 14.527 9.053 33.542

9/19/2012 19:23 14.52 9.109 33.526

9/19/2012 19:38 14.518 9.156 33.521

9/19/2012 19:53 14.516 9.203 33.518

9/19/2012 20:08 14.521 9.238 33.529

9/19/2012 20:23 14.517 9.233 33.52

9/19/2012 20:38 14.511 9.246 33.506

9/19/2012 20:53 14.512 9.28 33.508
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Taku Lake

Raw Pressure Transducer Data

Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft Sensor: Pres(A) 35.8ft

SN#: 316634 SN#: 316634 SN#: 316634

Date and Time Pressure (PSI) Temperature (C) Depth (ft)

9/19/2012 21:08 14.515 9.292 33.516

9/19/2012 21:23 14.516 9.302 33.517

9/19/2012 21:38 14.51 9.315 33.504

9/19/2012 21:53 14.506 9.341 33.495

9/19/2012 22:08 14.504 9.371 33.49

9/19/2012 22:23 14.506 9.381 33.495

9/19/2012 22:38 14.505 9.39 33.492

9/19/2012 22:53 14.508 9.42 33.499

9/19/2012 23:08 14.506 9.463 33.494

9/19/2012 23:23 14.51 9.5 33.503

9/19/2012 23:38 14.511 9.523 33.504

9/19/2012 23:53 14.514 9.522 33.512
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Taku Lake

Corrected Pressure Transducer Data and

Outflow Calculations

Date and Time for

Hourly Data

Hourly Average

Measured Absolute

Pressure (Ft)

Hourly AIA SEA

Level Pressure

(InHG)

Hourly AIA

Sea Level

Pressure (ft)

Computed

Depth of

Water (Ft)

(rad)

Pipe

Diameter

(d) (ft)

Flow Depth

(y) (ft)

Cross Sectional

Area (A) (ft2)

Weddted

Perimeter (Pw)

(ft)

Hydraulic

Radius ('R)

(ft)

Slope

(ft/ft)

Manning's

n (CPEP)

Velocity

(V) (ft/s)

Flowrate

Q (cfs)

Outflow

volume

7/21/2012 0:53 33.778 29.85 33.818 0.040 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 1:53 33.798 29.86 33.829 0.031 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 2:53 33.817 29.85 33.818 0.001 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 3:53 33.805 29.86 33.829 0.024 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 4:53 33.806 29.86 33.829 0.023 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 5:53 33.814 29.87 33.840 0.027 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 6:53 33.823 29.86 33.829 0.007 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 7:53 33.818 29.86 33.829 0.011 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 8:53 33.816 29.86 33.829 0.014 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 9:53 33.815 29.87 33.840 0.025 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 10:53 33.819 29.87 33.840 0.021 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 11:53 33.819 29.88 33.852 0.033 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 12:53 33.893 29.87 33.840 0.052 1.625 0.333 0.052 0.009 0.271 0.032 0.005 0.013 0.82 0.007 25.633

7/21/2012 13:53 33.887 29.87 33.840 0.047 1.532 0.333 0.047 0.007 0.255 0.029 0.005 0.013 0.76 0.006 20.348

7/21/2012 14:53 33.842 29.87 33.840 0.002 0.293 0.333 0.002 0.000 0.049 0.001 0.005 0.013 0.09 0.000 0.019

7/21/2012 15:53 33.817 29.88 33.852 0.035 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 16:53 33.819 29.88 33.852 0.033 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 17:53 33.843 29.87 33.840 0.002 0.312 0.333 0.002 0.000 0.052 0.001 0.005 0.013 0.10 0.000 0.025

7/21/2012 18:53 33.892 29.89 33.863 0.029 1.190 0.333 0.029 0.004 0.198 0.018 0.005 0.013 0.56 0.002 7.357

7/21/2012 19:53 33.918 29.89 33.863 0.054 1.663 0.333 0.054 0.009 0.277 0.033 0.005 0.013 0.84 0.008 28.062

7/21/2012 20:53 33.906 29.89 33.863 0.042 1.458 0.333 0.042 0.006 0.243 0.027 0.005 0.013 0.72 0.005 16.752

7/21/2012 21:53 33.856 29.9 33.874 0.019 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

7/21/2012 22:53 33.829 29.89 33.863 0.034 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000
7/21/2012 23:53 33.828 29.89 33.863 0.035 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

Manning's Equation Computations for Flow and VolumeData Manipulation and Correction
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Taku Lake

Corrected Pressure Transducer Data and

Outflow Calculations

Date and Time for

Hourly Data

Hourly Average

Measured Absolute

Pressure (Ft)

Hourly AIA SEA

Level Pressure

(InHG)

Hourly AIA

Sea Level

Pressure (ft)

Computed

Depth of

Water (Ft)

(rad)

Pipe

Diameter

(d) (ft)

Flow Depth

(y) (ft)

Cross Sectional

Area (A) (ft2)

Weddted

Perimeter (Pw)

(ft)

Hydraulic

Radius ('R)

(ft)

Slope

(ft/ft)

Manning's

n (CPEP)

Velocity

(V) (ft/s)

Flowrate

Q (cfs)

Outflow

volume

Manning's Equation Computations for Flow and VolumeData Manipulation and Correction

9/19/2012 0:53 33.748 29.81 33.772 0.025 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 1:53 33.750 29.8 33.761 0.012 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 2:53 33.738 29.76 33.716 0.022 1.049 0.333 0.022 0.003 0.175 0.014 0.005 0.013 0.48 0.001 4.379

9/19/2012 3:53 33.711 29.72 33.671 0.040 1.414 0.333 0.040 0.006 0.236 0.025 0.005 0.013 0.70 0.004 14.833

9/19/2012 4:53 33.658 29.69 33.637 0.021 1.020 0.333 0.021 0.002 0.170 0.014 0.005 0.013 0.46 0.001 3.897

9/19/2012 5:53 33.627 29.65 33.591 0.035 1.325 0.333 0.035 0.005 0.221 0.022 0.005 0.013 0.64 0.003 11.421

9/19/2012 6:53 33.584 29.62 33.557 0.027 1.155 0.333 0.027 0.003 0.192 0.017 0.005 0.013 0.54 0.002 6.510

9/19/2012 7:53 33.549 29.61 33.546 0.003 0.386 0.333 0.003 0.000 0.064 0.002 0.005 0.013 0.13 0.000 0.062

9/19/2012 8:53 33.519 29.59 33.523 0.004 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 9:53 33.503 29.54 33.467 0.036 1.347 0.333 0.036 0.005 0.225 0.023 0.005 0.013 0.66 0.003 12.195

9/19/2012 10:53 33.467 29.55 33.478 0.011 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 11:53 33.459 29.51 33.433 0.026 1.141 0.333 0.026 0.003 0.190 0.017 0.005 0.013 0.53 0.002 6.194

9/19/2012 12:53 33.455 29.49 33.410 0.045 1.501 0.333 0.045 0.007 0.250 0.028 0.005 0.013 0.75 0.005 18.803

9/19/2012 13:53 33.403 29.49 33.410 0.007 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 14:53 33.371 29.48 33.399 0.028 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 15:53 33.422 29.51 33.433 0.011 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000

9/19/2012 16:53 33.530 29.48 33.399 0.132 2.718 0.333 0.132 0.032 0.453 0.071 0.005 0.013 1.39 0.044 159.865

9/19/2012 17:53 33.572 29.47 33.387 0.184 3.355 0.333 0.184 0.050 0.559 0.089 0.005 0.013 1.61 0.080 287.324

9/19/2012 18:53 33.543 29.48 33.399 0.144 2.873 0.333 0.144 0.036 0.479 0.076 0.005 0.013 1.45 0.053 189.032

9/19/2012 19:53 33.527 29.51 33.433 0.094 2.241 0.333 0.094 0.020 0.374 0.054 0.005 0.013 1.16 0.023 84.576

9/19/2012 20:53 33.516 29.53 33.455 0.060 1.760 0.333 0.060 0.011 0.293 0.037 0.005 0.013 0.90 0.010 34.892

9/19/2012 21:53 33.508 29.56 33.489 0.019 0.957 0.333 0.019 0.002 0.160 0.012 0.005 0.013 0.43 0.001 2.994

9/19/2012 22:53 33.494 29.59 33.523 0.029 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000
9/19/2012 23:53 33.503 29.62 33.557 0.054 0.000 0.333 0.000 0.000 0.000 0.000 0.005 0.013 0.00 0.000 0.000
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AWR Engineering, LLC 
Alaska Water Resources 

   

Memorandum 

To:  Kristi Bischofberger, MOA Watershed Manager 

From:  Janie Dusel, PE 

cc:  Joe Miller, HDR Project Manager 

Date:  January 28, 2014 

Re:  Analysis for the Commercial Fishing and Agriculture Bank Rain Garden 

   

The purpose of  this memorandum  is  to present  the  results of a performance analysis  completed  for a 
stormwater rain garden located in the parking lot of the Commercial Fishing and Agriculture Bank (CFAB) in 
Anchorage, Alaska. 

Introduction and Project Description 

AWR  Engineering,  LLC  and  HDR  Alaska  are  assisting  the  Municipality  of  Anchorage  (MOA)  Watershed 
Management Services (WMS) with performance evaluation of two stormwater rain gardens as required per 
the current MOA and Alaska Department of Transportation and Public Facilities Alaska Pollutant Discharge 
Elimination System  (APDES) permit. The permit requires qualitative evaluation of one neighborhood rain 
garden and one public‐private community partnership rain garden. (APDES permit, page 16, paragraph iii. 
See attachment 1.) The community rain garden selected for evaluation was the Taku Lake rain garden, and 
the evaluation results are presented in the 2013 Low Impact Development Project Performance Monitoring 
Report. This memorandum addresses the public‐private partnership rain garden.  

The  APDES  permit  requires  that  the  performance  of  each  rain  garden  be  evaluated  using  the  same 
methodology used  for evaluating  the permit‐required Low  Impact Development  (LID) pilot projects. This 
includes calculations or models showing changes in runoff quantities and a comparison to a theoretical case 
of  the  project  constructed  without  LID  practices.  The  analysis  requirements  include  preparing  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  the project,  including  area,  slope,  vegetation  type  and  condition  (for 
pervious surfaces), and nature of impervious surfaces. (APDES permit, page 15. See attachment 1.) 

CFAB Rain Garden 

The CFAB rain garden was constructed in 2009 as part of an expansion and remodeling project for the CFAB 
building. WMS partnered with the CFAB owners and provided a portion of the rain garden funding through 
the MOA Rain Garden Program. The project  is  located at  the  corner of  Lakeshore Drive and Wisconsin 
Avenue,  near  Spenard  Road  in  Anchorage.  The  project  site  is  in  the  Fish  Creek  watershed,  which  is 
cataloged as an impaired water body. Figure 1 provides a project vicinity map. 
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Figure 1: Project Vicinity Map 

 

 

There is an existing municipal storm drain adjacent to the CFAB site on Wisconsin Avenue that discharges to 
Fish Creek approximately 2,500  feet downstream  from  the project  site. The  rain garden  is designed  to 
capture stormwater runoff from the approximately 11,000 square‐foot parking lot and from approximately 
2,600 square feet of the building roof before this water can enter the municipal storm drain. The average 
slope of the contributing area is 1.8 percent. 

The project site is shown Figure 2. 
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Figure 2: CFAB Project Site 

 

 

The rain garden was constructed along the south and west borders of the site, parallel to Wisconsin Avenue 
and Lakeshore Drive respectively. The western portion of the rain garden  includes a central swale with a 
rock trench for additional stormwater storage capacity. The area around the swale/trench is organic topsoil 
with a mulch layer on top, and the area is vegetated with small shrubs and grasses. The southern portion of 
the rain garden features a depressed swale with a layer of rock on top of an organic topsoil layer to provide 
stormwater  storage  and  encourage  infiltration.  The  surrounding  area  is  topsoil, mulch,  and  vegetation, 
similar  to  the western portion. Both rain garden sections slope  toward  the southwest corner of  the site 
where a “beehive” storm drain inlet provides overflow for large storm events that exceed the storage and 
infiltration capacity of the rain garden. A typical section of the rock trench as well as construction photos of 
the rain garden are provided in Attachment 2.  

Monitoring and Reporting Plan 

In order to evaluate the rain garden’s performance,  inflow and outflow hydrographs were developed for 
two cases: 

Case 1: As required for new construction per the APDES permit, Case 1 is the hypothetical case of the 
project constructed without LID. In this case, runoff from the CFAB parking  lot and rooftop  is routed 
directly to the storm drain system on Wisconsin Ave. For this case, it was assumed that five percent of 
the project site would be pervious  landscaping, and that the site would be graded traditionally with 
runoff directed toward a storm drain inlet. 
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Case 2: Case 2  is  the  LID  case  that was  constructed, with  the  rain garden accepting  flow  from  the 
parking  lot and roof top.  In the constructed case, the site was graded such that the  impervious area 
flows to the pervious rain garden areas. 

Hydrograph Development 

Discharge  hydrographs  were  developed  using  the  EPA’s  Storm  Water  Management  Model  (SWMM) 
Version 5.0. SWMM produces hydrographs using the non‐linear reservoir method based on user‐defined 
rainfall  parameters,  soil  conditions,  and  basin  features.  Infiltration  in  pervious  areas  of  the  basin  was 
computed using Horton’s method within SWMM. Site characteristics are presented  in Table 1. The  site 
characteristics  listed  for Case 1 were based on  the site design and on assumptions  regarding  traditional 
grading  if LID had not been  incorporated. The  site characteristics  for Case 2 were based on  the project 
design drawings.  

Table 1: CFAB Site Characteristics 

Basin Characteristic  Case 1: No LID 
Case 2: Rain 
Garden 

Basin Size (acres)  0.38  0.38 

Percent Impervious  95  82 

Runoff Routed to  Outlet  Pervious 

Infiltration Method  Horton  Horton 

The infiltration parameters for use with Horton’s method, as shown in Table 2, were selected based on soil 
information from the project’s geotechnical report and from recommended values from the SWMM user’s 
manual. The geotechnical report classifies the upper 14 feet of the site as variations of sandy silt and silty 
sand. Because percolation testing for the rain garden was not performed as part of the analysis or design, 
infiltration rates were estimated based on available soils data. Typical infiltration values for silty sand can 
vary by several orders of magnitude. Published values of saturated hydraulic conductivity for silty sand can 
range from 0.014 to 14 inches per hour. (Mays, Larry. Water Resources Engineering. Hoboken: Wiley, 2005.) 
Based on  this  range  and on  the  reported  silt  content of  the  soil,  a  value of 0.43 was  selected  for  the 
saturated hydraulic conductivity of  the native  soils. This value  is also  the  recommended value  from  the 
SWMM user’s manual  for  loam, which  is  typically  a mixture of  sand,  silt,  and  clay.  This  value may be 
conservative for the site, but is expected to be a reasonable estimate based on the information available. 

Table 2: Horton Infiltration Parameters 

Horton Parameters for Runoff 

Maximum 
Infiltration Rate 

(in/hr) 
3 

Minimum 
Infiltration Rate 

(in/hr) 
0.43 

Decay Constant 
(1/hr)  4 
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The performance of the rain garden was modeled using the LID modeling options within SWMM. The south 
portion of the rain garden was modeled as a bioretention area and the west portion was modeled as an 
infiltration  trench. The  landscaped areas around  the  trench and  the bioretention area were modeled as 
pervious  areas  that  accept water  from  the  impervious  surfaces.  SWMM  allows  the  user  to  define  the 
parameters of  the LID  features based on  local conditions, and  the program  then calculates  storage and 
infiltration. Infiltration within the LID feature is calculated using the Green‐Ampt infiltration method.  

The selected bioretention and infiltration trench parameters are summarized in Table 3. The Green‐Ampt 
values were selected based on the recommendations in the SWMM user’s manual for loam (see discussion 
above). The physical parameters of the LID features were obtained from the project design drawings and 
construction photos/notes provided by WMS. These are included in Attachment 2. The project geotechnical 
borings are included in Attachment 3.  

Table 3: Rain Garden and Infiltration Trench Parameters 

Parameter  Rain Garden 
(Bioretention) 

Infiltration 
Trench 

Area (square feet) 
174  270 

Surface Roughness 
(Manning’s n)  0.03  0.03 

Surface Slope 
1.5  0.5 

Surface Storage Depth (in) 
0  6 

Storage Layer Depth (in) 
18  30 

Storage Layer Void Ratio 
0.4  0.4 

Vegetation Volume 
Fraction  0.40  0.05 

Soil Thickness (in) 
18  N/A 

Porosity (volume fraction) 
0.453  N/A 

Field Capacity  
(volume fraction)  0.190  N/A 

Wilting Point  
(volume fraction)  0.085  N/A 

Conductivity (in/hr) 
0.43  0.43 

Conductivity Slope 
10  N/A 

Suction Head (in) 
4.33  N/A 
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The rain garden’s performance was evaluated for two rainfall events: 

Event 1: The first event was approximately the 90th percentile rainfall event as described in the MOA’s 
current APDES  permit.  This  event  is  0.52  inches  of  rain  in  a  24‐hour  period.  In  this  case,  the  90th 
percentile  event  is  distributed  based  on  hourly  rainfall  data  from Anchorage  International Airport. 
According to this hourly data, a rainfall event nearly identical to the 90th percentile event occurred on 
July 21, 2012.  

Event 2: The second event modeled was the theoretical 10‐year, 24‐hour rainfall event for Anchorage, 
as defined  in the MOA’s Design Criteria Manual. This rainfall event  is 1.77  inches distributed over 24 
hours using a National Resource Conservation Service  (NRCS) Type 1  rainfall distribution. This event 
was selected to evaluate the rain garden’s performance during large rainfall events. 

Rainfall Hyetographs for the non‐synthetic event (Event 1) is provided in Figure 3. 

Figure 3: Event 1 Rainfall Hyetograph 

 

Results 

The resulting hydrographs are shown in Figure 4 and Figure 5. These hydrographs represent the discharge 
from the site into the local storm drain. 
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Figure 4: Event 1 Hydrograph 

 

Figure 5: Event 2 Hydrograph 
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Table 4 shows the peak flow and total volume of runoff for each case. Full modeling output reports are 
included in Attachment 4.  

Table 4: Runoff Results Summary 

 Case 

Event 1: 90th Percentile 
Rainfall, Distributed as seen 

on 7‐21‐12 

Event 2: 10‐year, 24‐hour 
Rainfall 

Peak Flow 
(cfs) 

Runoff Vol 
(cf) 

Peak Flow 
(cfs) 

Runoff Vol 
(cf) 

Case 1 ‐ No LID  0.03  610  0.49  2,265 

Case 2 – Rain Garden  0  0  0.47  741 

Percent Decrease from 
Case 1 to Case 2 

100%  100%  4%  67% 

 

For the 90th percentile event, the modeling results show that the rain garden was able to infiltrate all of the 
runoff  and  nothing  was  discharged  to  the  storm  drain  system.  The  90th  percentile  event  generally 
represents the largest type of events that LID facilities would be designed to capture. These results indicate 
that the rain garden is also capturing the smaller events, less than 0.52 inches, which account for most of 
Anchorage’s rain events. LID facilities are typically best suited to these types of events. By capturing runoff 
from small, frequent events, the rain garden is not only reducing the quantity of stormwater that flows into 
Fish Creek but is also improving the quality of the stormwater by capturing the first flush of runoff, which is 
typically the most polluted.  

For Event 2, modeling results show that while the rain garden did not have a significant  impact on peak 
flow, it did drastically impact the total volume of runoff. A large event such as the 10‐year, 24‐hour event, is 
not  typically  the  design  event  for  LID  facilities.  But  as  these  results  show,  rain  gardens  and  other  LID 
facilities can provide watershed benefits during these types of events.  

Conclusions and Recommendations for Future Projects 

The analysis results show that the CFAB rain garden is performing well. The rain garden is capturing runoff 
from  small,  frequent  rainfall events and  reducing  total  runoff  volume  for  larger events.  For  future  rain 
garden construction, percolation testing  is recommended  in order to provide more accurate data for the 
receiving soils. This will improve the accuracy of performance evaluations. 

As part of this analysis, information regarding the ongoing maintenance and long‐term performance of the 
rain garden was  requested  from  the CFAB  rain garden owners. Unfortunately,  the  information was not 
available at the time of this memorandum.  
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Attachments: 

1. APDES Permit Excerpt 

2. Design Details and Construction Photos 

3. Geotechnical Borings 

4. SWMM Modeling Output 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Southern Portion of Rain Garden 
(Wisconsin Ave. Side) 

Western Portion of Rain Garden 
(Lakeshore Drive Side) 



Attachment 1: APDES Permit Excerpt 

   



                                                            Permit No.: AKS-052558 
Page 15 of 55 

 

c) Green Infrastructure/Low Impact Development (LID) Strategy and 
Pilot Projects.  Within one year of the effective date of this permit, the 
permittees must develop a strategy to provide incentives for the increased 
use of LID techniques in private and public sector development projects 
within both the MOA and ADOT&PF jurisdictions.  The strategy must 
outline the methods of evaluating the Green Infrastructure/LID pilot 
projects described below. Permittees must begin implementation of the 
Green Infrastructure/LID Strategy and pilot projects within two years of the 
effective date of this permit.    

(i) Beginning with the 4th Year Annual Report, the permittees 
must report on and evaluate the status of five pilot projects 
that use LID concepts for on-site control of water quality.  
Projects must involve managing runoff from at least 10,000 
square feet of impervious surface.  At least three of the five 
LID pilot projects must be ADOT&PF-owned locations. 
Parking lot retrofits as required in Part II.B.2.c.vi  may be 
used as pilot projects.  At least two of the pilot sites must 
address drainage areas greater than five acres in size.  At 
least one pilot project must be located in the Chester Creek, 
Fish Creek, Campbell Creek, or Little Campbell Creek  
watersheds. 

(ii) The permittees must monitor the performance of each pilot 
project and report the results beginning with the 4th Year 
Annual Report.  The permittees must 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 practices. 

 For new construction projects, changes in runoff 
quantities shall be calculated for development scenarios 
both with LID practices and without LID practices. 

 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 nature of 
impervious surfaces. 

 The permittees must use these runoff values to 
evaluate the overall effectiveness of various LID practices 
and to develop recommendations for future LID practices 
addressing appropriate use, design, type, size, soil type and 
operation and maintenance practices.  The permittees must 
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use the recommendations to update their final LID criteria, 
as necessary, and utilize the information obtained through 
the LID pilot studies to revise the Storm Water Design 
Criteria Manual(s) no later than five years from the 
effective date of this permit. 

(iii) Rain Gardens.  Within four years of the effective date of 
this permit, the permittees must evaluate the effectiveness 
of rain gardens located in one neighborhood and one 
public-private community partnership.  If feasible, pilot 
projects should be located within a TMDL watershed listed 
in Table II.C.  The permittees must quantitatively evaluate 
the effectiveness of the rain gardens as outlined in Part 
II.B.2.c.ii above.    

(iv) Riparian Zone Management. Within five years from the 
effective date of this permit, 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 examine the feasibility of 
reconstructing MS4 outfalls, and must disconnect at least 
one major MS4 outfall from discharging from receiving 
waters using vegetated swales or other appropriate 
techniques.   

(v) Repair of Public Streets, Roads or Parking Lots.  When 
public streets, roads or parking lots are repaired as defined 
in Part VII, the permittees must evaluate the feasibility of 
incorporating runoff reduction techniques into the repair 
using canopy interception, 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 feasible, the permittees must consider the use of such 
practices in the design and repair.  These requirements 
apply only to projects whose design is started after the 
effective date of this permit.  Beginning in the 4th Year 
Annual Report, the permittees must document and list the 
locations of street, road and parking lot repair work 
completed within the last 12 month period that has 
incorporated such runoff reduction practices. 

(vi) Parking Lot Retrofits.  Prior to the expiration date of this 
permit, each permittee must retrofit at least two public 
facility parking lots with  infiltration, evapotranspiration or 
reuse techniques designed to retain 100% of the parking lot 
runoff from the 90th percentile, 24 hour rainfall event. Each 
retrofit site must be located in a watershed draining to an 
impaired receiving water listed in Table II.C. The 
permittees must quantitatively measure the effectiveness of 
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  
  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,  
  not just on results from each reporting time step.
  *********************************************************
  
  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 00:00:30
  Routing Time Step ........ 1.00 sec
  
  
  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.017         0.521
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.001         0.026
  Surface Runoff ...........         0.014         0.446
  Final Surface Storage ....         0.002         0.049
  Continuity Error (%) .....         0.000
  
  
  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.014         0.005
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.014         0.005
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000
  
  
  ***************************
  Time-Step Critical Elements
  ***************************
  None
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.
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  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
  
  
  ***************************
  Subcatchment Runoff Summary
  ***************************
  
  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  CFAB_Parking_andLID        0.52       0.00       0.00       0.03       0.45        0.00     0.03   0.856
  
  
  ******************
  Node Depth Summary
  ******************
  
  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  Junction             JUNCTION     0.01     0.03     0.11     0  12:52
  Outfall              OUTFALL      0.01     0.03     0.03     0  12:52
  
  
  *******************
  Node Inflow Summary
  *******************
  
  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  Junction             JUNCTION      0.03     0.03     0  12:52       0.005       0.005
  Outfall              OUTFALL       0.00     0.03     0  12:52       0.000       0.005
  
  
  **********************
  Node Surcharge Summary
  **********************
  
  No nodes were surcharged.
  
  
  *********************
  Node Flooding Summary
  *********************
  
  No nodes were flooded.
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
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  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  Outfall               61.38      0.01      0.03       0.005
  -----------------------------------------------------------
  System                61.38      0.01      0.03       0.005
  
  
  ********************
  Link Flow Summary
  ********************
  
  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  DummyConduit         CONDUIT      0.03     0  12:52      3.07    0.00    0.01
  
  
  ***************************
  Flow Classification Summary
  ***************************
  
  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.  
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  DummyConduit            1.00   0.23  0.00  0.00  0.09  0.67  0.00  0.00     2.17   0.0000
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  No conduits were surcharged.
  

  Analysis begun on:  Mon Jan 20 16:17:19 2014
  Analysis ended on:  Mon Jan 20 16:17:19 2014
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  
  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,  
  not just on results from each reporting time step.
  *********************************************************
  
  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 00:00:30
  Routing Time Step ........ 1.00 sec
  
  
  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.017         0.521
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.015         0.475
  Surface Runoff ...........         0.000         0.000
  Final Surface Storage ....         0.001         0.047
  Continuity Error (%) .....         0.000
  
  
  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.000         0.000
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.000         0.000
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000
  
  
  ***************************
  Time-Step Critical Elements
  ***************************
  None
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.
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  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
  
  
  ***************************
  Subcatchment Runoff Summary
  ***************************
  
  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  CFAB_Parking_andLID        0.52       0.00       0.00       0.47       0.00        0.00     0.00   0.000
  

  ***********************
  LID Performance Summary
  ***********************

  ---------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain      Init.     Final     Pc
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage     Er
  Subcatchment      LID Control             in        in        in        in        in        in        in
  ---------------------------------------------------------------------------------------------------------------
  CFAB_Parking_andLID  Bioswale_Wisconsin      0.52      0.00      0.00      0.00      0.00      0.00      0.52  
  CFAB_Parking_andLID  Trench                0.52      0.00      0.52      0.00      0.00      0.00      0.00    
  
  ******************
  Node Depth Summary
  ******************
  
  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  Junction             JUNCTION     0.00     0.00     0.08     0  00:00
  Outfall              OUTFALL      0.00     0.00     0.00     0  00:00
  
  
  *******************
  Node Inflow Summary
  *******************
  
  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  Junction             JUNCTION      0.00     0.00     0  00:00       0.000       0.000
  Outfall              OUTFALL       0.00     0.00     0  00:00       0.000       0.000
  
  
  **********************
  Node Surcharge Summary
  **********************
  
  No nodes were surcharged.
  
  
  *********************
  Node Flooding Summary
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  *********************
  
  No nodes were flooded.
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  Outfall                0.00      0.00      0.00       0.000
  -----------------------------------------------------------
  System                 0.00      0.00      0.00       0.000
  
  
  ********************
  Link Flow Summary
  ********************
  
  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  DummyConduit         CONDUIT      0.00     0  00:00      0.00    0.00    0.00
  
  
  ***************************
  Flow Classification Summary
  ***************************
  
  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.  
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  DummyConduit            1.00   1.00  0.00  0.00  0.00  0.00  0.00  0.00     0.00   0.0000
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  No conduits were surcharged.
  

  Analysis begun on:  Mon Jan 20 16:19:47 2014
  Analysis ended on:  Mon Jan 20 16:19:47 2014
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  
  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,  
  not just on results from each reporting time step.
  *********************************************************
  
  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 00:00:30
  Routing Time Step ........ 1.00 sec
  
  
  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.056         1.768
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.003         0.088
  Surface Runoff ...........         0.052         1.630
  Final Surface Storage ....         0.002         0.050
  Continuity Error (%) .....         0.000
  
  
  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.052         0.017
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.052         0.017
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000
  
  
  ***************************
  Time-Step Critical Elements
  ***************************
  None
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.
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  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
  
  
  ***************************
  Subcatchment Runoff Summary
  ***************************
  
  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  CFAB_Parking_andLID        1.77       0.00       0.00       0.09       1.63        0.02     0.49   0.922
  
  
  ******************
  Node Depth Summary
  ******************
  
  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  Junction             JUNCTION     0.02     0.10     0.18     0  09:59
  Outfall              OUTFALL      0.02     0.10     0.10     0  09:59
  
  
  *******************
  Node Inflow Summary
  *******************
  
  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  Junction             JUNCTION      0.49     0.49     0  09:59       0.017       0.017
  Outfall              OUTFALL       0.00     0.49     0  09:59       0.000       0.017
  
  
  **********************
  Node Surcharge Summary
  **********************
  
  No nodes were surcharged.
  
  
  *********************
  Node Flooding Summary
  *********************
  
  No nodes were flooded.
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
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  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  Outfall               92.72      0.03      0.49       0.017
  -----------------------------------------------------------
  System                92.72      0.03      0.49       0.017
  
  
  ********************
  Link Flow Summary
  ********************
  
  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  DummyConduit         CONDUIT      0.49     0  09:59      6.80    0.00    0.03
  
  
  ***************************
  Flow Classification Summary
  ***************************
  
  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.  
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  DummyConduit            1.00   0.07  0.00  0.00  0.00  0.93  0.00  0.00     3.22   0.0000
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  No conduits were surcharged.
  

  Analysis begun on:  Mon Jan 20 16:12:22 2014
  Analysis ended on:  Mon Jan 20 16:12:22 2014
  Total elapsed time: < 1 sec
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.0 (Build 5.0.022)
  --------------------------------------------------------------

  
  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,  
  not just on results from each reporting time step.
  *********************************************************
  
  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ YES
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Infiltration Method ...... HORTON
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ JUL-10-2013 00:00:00
  Ending Date .............. JUL-11-2013 00:00:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:00:30
  Wet Time Step ............ 00:00:30
  Dry Time Step ............ 00:00:30
  Routing Time Step ........ 1.00 sec
  
  
  **************************        Volume         Depth
  Runoff Quantity Continuity     acre-feet        inches
  **************************     ---------       -------
  Total Precipitation ......         0.056         1.768
  Evaporation Loss .........         0.000         0.000
  Infiltration Loss ........         0.037         1.175
  Surface Runoff ...........         0.017         0.533
  Final Surface Storage ....         0.002         0.060
  Continuity Error (%) .....         0.000
  
  
  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.017         0.005
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.017         0.005
  Internal Outflow .........         0.000         0.000
  Storage Losses ...........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
  Continuity Error (%) .....         0.000
  
  
  ***************************
  Time-Step Critical Elements
  ***************************
  None
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.
  
  
  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     1.00 sec
  Average Time Step           :     1.00 sec
  Maximum Time Step           :     1.00 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.00
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  ***************************
  Subcatchment Runoff Summary
  ***************************
  
  --------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 in         in         in         in         in    10^6 gal      CFS
  --------------------------------------------------------------------------------------------------------
  CFAB_Parking_andLID        1.77       0.00       0.00       1.17       0.53        0.01     0.47   0.301
  

  ***********************
  LID Performance Summary
  ***********************

  ------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain      Init.     Final     Pcnt.
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage     Error
  Subcatchment      LID Control             in        in        in        in        in        in        in
  ------------------------------------------------------------------------------------------------------------------
  CFAB_Parking_andLID  Bioswale_Wisconsin      1.77      0.00      0.00      0.00      0.00      0.00      1.77     -0.1
  CFAB_Parking_andLID  Trench                1.77      0.00      1.77      0.00      0.00      0.00      0.00     -0.00
  
  ******************
  Node Depth Summary
  ******************
  
  ---------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max
                                   Depth    Depth      HGL   Occurrence
  Node                 Type         Feet     Feet     Feet  days hr:min
  ---------------------------------------------------------------------
  Junction             JUNCTION     0.00     0.10     0.18     0  09:59
  Outfall              OUTFALL      0.00     0.10     0.10     0  09:59
  
  
  *******************
  Node Inflow Summary
  *******************
  
  -------------------------------------------------------------------------------------
                                  Maximum  Maximum                  Lateral       Total
                                  Lateral    Total  Time of Max      Inflow      Inflow
                                   Inflow   Inflow   Occurrence      Volume      Volume
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6 gal
  -------------------------------------------------------------------------------------
  Junction             JUNCTION      0.47     0.47     0  09:59       0.005       0.005
  Outfall              OUTFALL       0.00     0.47     0  09:59       0.000       0.005
  
  
  **********************
  Node Surcharge Summary
  **********************
  
  No nodes were surcharged.
  
  
  *********************
  Node Flooding Summary
  *********************
  
  No nodes were flooded.
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                        Flow       Avg.      Max.       Total
                        Freq.      Flow      Flow      Volume
  Outfall Node          Pcnt.       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  Outfall               16.90      0.05      0.47       0.005
  -----------------------------------------------------------
  System                16.90      0.05      0.47       0.005
  
  
  ********************
  Link Flow Summary
  ********************
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  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  DummyConduit         CONDUIT      0.47     0  09:59      6.72    0.00    0.03
  
  
  ***************************
  Flow Classification Summary
  ***************************
  
  -----------------------------------------------------------------------------------------
                      Adjusted    --- Fraction of Time in Flow Class ----   Avg.     Avg.  
                       /Actual         Up    Down  Sub   Sup   Up    Down   Froude   Flow  
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit   Number   Change
  -----------------------------------------------------------------------------------------
  DummyConduit            1.00   0.37  0.00  0.00  0.45  0.18  0.00  0.00     0.61   0.0000
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  No conduits were surcharged.
  

  Analysis begun on:  Wed Jan 22 13:33:05 2014
  Analysis ended on:  Wed Jan 22 13:33:05 2014
  Total elapsed time: < 1 sec
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