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Reference:  018011  
 
May 20, 2019 
 
Ms. Laura Kadlecik, Project Manager 
Open Door Community Health Centers 
670 9th Street, Suite 203 
Arcata, CA 95521 
 
 

Subject: Preliminary Drainage Report for the Proposed Arcata Community Health Center, 
Located on APN 505-121-031 in Arcata, California  

 
Dear Laura Kadlecik: 
 
SHN has prepared this preliminary drainage report for the proposed new Arcata Community Health Center 
based on the conceptual site plan prepared by Pressey & Associates on May 10, 2019.  This preliminary 
drainage report presents our initial evaluation of the project’s ability to comply with the City of Arcata’s MS4 
Permit requirements.  Because this project will create greater than 1 acre of impervious surface, it will be 
classified as a Hydromodification Project in accordance with the Humboldt Low Impact Development 
Stormwater Manual v2.0.   
 
The conclusions and recommendations provided in this report are preliminary and will need to be adjusted 
as the site layout develops in the following stages of the project. 
 
Please contact me at 441-8855 or jobarr@shn-engr.com with any questions or comments regarding the 
content of this report. 
 
Respectfully submitted, 
 

SHN  

 
Jared O’Barr, PE 
Senior Civil Engineer 
 
JXO:ame 
 
Enclosure: Report 
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1.0 Introduction 
SHN has prepared this preliminary drainage report to present an initial evaluation of the conceptual design 
for the Arcata Community Health Center, located on the west side of the Foster Avenue/Sunset Avenue 
roundabout in the City of Arcata (City), Assessor’s parcel number 505-121-031.  The project is located on an 
approximately 1.8-acre site.  
 
This report is only a preliminary analysis and must be updated as the project progresses to address the 
changes in the design. 

 
This initial analysis has been prepared in accordance with the Humboldt Low Impact Development (LID) 
Stormwater Manual v2.0, which provides the guidance necessary to comply with the City of Arcata’s MS4 
Permit.  Because this project will create greater than one acre of impervious surface, it will be classified as a 
Hydromodification Project.  As stated in the Humboldt LID Stormwater Manual, a hydromodification project 
must also meet the requirements of a regulated project.  Therefore, the primary stormwater mitigation 
requirements for this project include the following: 

• Runoff generated by the 85th percentile, 24-hour storm event must be retained onsite. 

• Post-project runoff shall not exceed the estimated pre-project runoff for the 2-year, 24-hour storm.    
 
The objectives of this report are to: 

• Analyze the pre-development and post-development conditions to determine existing and proposed 
stormwater runoff rates and volumes. 

• Determine the approximate stormwater retention and detention volumes necessary in order to 
meet the stormwater mitigation requirements stated above. 

• Evaluate the preliminary site development plan to confirm that the stormwater mitigation 
objectives can be achieved under the current concept. 

 

2.0 Site Characterization 

2.1 Existing Conditions 
This project is located on the west side of the Foster Avenue/Sunset Avenue roundabout in the City of 
Arcata.  Sunset Avenue runs along the northern border of the site and Foster Avenue runs along the 
southern border of the site.  A recently developed apartment complex is located to the west of the project 
site. 
 
The project site is the location of a previous lumber mill, but it is currently undeveloped.  The eastern 
portion of the site currently consists of an informal gravel parking area and low-lying vegetation.  The 
western portion of the site currently consists of temporary soil stockpiles and a vegetated area that was 
recently cleared.  A topographic survey of the existing site was prepared by Points West Surveying Co. 
(Appendix 1). 
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2.2 Proposed Conditions 
The conceptual site plan prepared by Pressey & Associates is provided in Appendix 2.  The proposed project 
consists of a 34,000 square-foot, two-story health center, and parking areas that will accommodate 78 
parking stalls.   
 
The conceptual site plan was divided into seven drainage management areas (DMAs) based on how the final 
site is expected to be graded.  These DMAs, and their respective bioretention facilities, are shown in Figure 1. 
 

2.3 Topography and Drainage 
Elevations at the site range from approximately 47 feet to 61 feet above mean sea level.  The eastern 
portion of the site gently slopes to the south at a relatively uniform slope of approximately 2% to 3%.  The 
western portion of site slopes to the southwest in a less uniform and more dramatic manner.    There is a 
relatively significant depression in the southwest corner of the site.  The City installed a drain inlet (DI) in the 
bottom of this depression during the construction of Foster Avenue.  In general, the western two-thirds 
(approximate) of the site drains to the DI in the southwest corner of the site; the eastern one-third 
(approximate) of the site drains south to the gutter on the northern side of Foster Avenue and then flows 
eastward to a drain inlet near the roundabout.  
 
The proposed project is not expected to significantly alter the general drainage patterns on the site.   
 

2.4 Soils 
The soils report prepared by SHN in August 2009 identified approximately 2 feet to 10 feet of non-
engineered fill, underlain by 5 feet to 7 feet of silty sand (Appendix 3).  Based on the information provided in 
the soil borings, the native soils are expected to be predominantly hydrologic soil class C. 
 
A Phase I report prepared by LACO in 2008 stated that historical use of the site (upper terrace) was for 
lumber storage.  The LACO Phase I report referenced findings from a previous 1995 SHN Phase II report 
which identified low levels of petroleum hydrocarbons and the metals Chromium, Nickel, Zinc, and Lead in 
shallow soils in several locations associated with historic dumping of crank case oil. Additional samples were 
collected in 2008 and analyzed for the same constituents.  Analytical results indicate localized impacts by 
petroleum hydrocarbons limited to the shallow soils.  Concentrations decrease with depth.  Several soil 
samples were collected at 5 feet below grade, and petroleum hydrocarbons were not detected.  The metals 
concentrations are fairly consistent (same order of magnitude) throughout the site and may be more 
representative of background soil conditions. 
 

3.0 Hydrologic Analysis 
In accordance with the Humboldt LID Stormwater Manual, a preliminary hydrologic analysis was conducted 
to evaluate the project’s ability to retain runoff generated by the 85th percentile, 24-hour storm event, and 
also to evaluate the project’s ability to ensure that post-project runoff does not exceed the estimated pre-
project runoff for the 2-year, 24-hour storm.    
 
The preliminary stormwater control plan (SCP) for the project is provided in Appendix 4. 
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3.1 Stormwater Retention 
Although the final site will include various LID features (such as, trees, impervious area disconnection, and 
soil quality improvement), this preliminary analysis did not take these features into account.  This analysis 
provides a conservative evaluation of the site’s ability to meet the stormwater retention requirements 
entirely through the use of bioretention facilities.  
 
Table 1 provides an overall evaluation of the project’s ability to fully retain and treat the 85th Percentile, 24-
hour storm event.  The total volume of water to be retained in each DMA is determined by multiplying 0.65 
inches times the square footage of impervious surface.  This information is also provided in the Regulated 
Projects Worksheets for each DMA, which are included in the Preliminary SCP (Appendix 4). 
 
The bioretention volume provided in Table 1 is based on the following assumptions: 

• Soil Media Layer 
o Thickness: 18 inches 
o Porosity (for storage of stormwater runoff): 15% 

• Gravel Layer 
o Thickness: 18 inches 
o Porosity (for storage of stormwater runoff): 35% 

• No ponding 

Table 1. Stormwater Retention By DMA 
Arcata Community Health Center, Arcata, CA 

  

DMA1 

Impervious 
Area 

(SF)2 

Stormwater 
Runoff Volume 

(CF)3 

Bioretention 
Facility Area 

(SF) 

Bioretention 
Volume  

(CF) 

Net Bioretention 
Capacity 

(CF) 

1 9,747 526 695 521 -5 

2 6,165 333 465 349 16 

3 6,770 365 571 428 63 

4 6,178 335 1,566 1,175 840 

5 11,550 624 1,173 880 256 

6 12,544 677 1,183 887 210 

7 2,388 129 792 594 465 

Total Net Bioretention Facility Capacity: 1,845 
1. DMA: drainage management area 
2. SF: square feet 
3. CF: cubic feet 

 
The information provided in Table 1 confirms that even without assuming credit for the various LID features 
that will ultimately be incorporated into the final project, the project can easily achieve the stormwater 
retention requirements for the site with the use of adequately sized bioretention facilities. 
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3.2 Peak Flow Mitigation 
As mentioned above, the western two-thirds (approximate) of the existing site drains to a DI in the 
southwest corner of the site, and the eastern one-third (approximate) of the existing site drains to a DI near 
the roundabout.  

 
Based on some assumptions about how the site may ultimately be graded, after the project is constructed, a 
larger portion of the site is expected to drain to the DI in the southwest corner of the site.  As a result, a 
smaller portion of the site is expected to drain to the DI near the roundabout.  The rational method was 
used to evaluate the peak flow conditions at the site.  Because the site is relatively small, the actual time of 
concentration values under both pre-construction and post-construction conditions are expected to be less 
than 5 minutes.  However, for this analysis, a minimum time of concentration of 5 minutes was used.  
Detailed calculations regarding the peak flows for the pre-development and post-development conditions 
are provided in Appendix 5.  Tables 2 and 3 summarize the results of the peak flow analysis for pre- and 
post-development conditions, respectively. 
 

Table 2. Pre-Development Condition 
Arcata Community Health Center 

Western Drainage Area Eastern Drainage Area 

C(1) = 0.45 C = 0.48 

I(2) = 1.98 in/hr.(3) I = 1.98 in/hr. 

A(4) = 1.105 acres A = 0.647 acres 

Q(5) = 0.98 cfs(6) Q = 0.62 cfs 
1. C: runoff coefficient 
2. I: rainfall intensity  
3. in/hr.: inches per hour 

4. A: area 
5. Q: flow 
6. cfs: cubic feet per second 

 

Table 3. Post-Development Condition 
Arcata Community Health Center 

Western Drainage Area Eastern Drainage Area 

C(1) = 0.76 C = 0.64 

I(2) = 1.98 in/hr.(3) I = 1.98 in/hr. 

A(4) = 1.512 acres A = 0.240 acres 

Q(5) = 2.28 cfs(6) Q = 0.30 cfs 
1. C: runoff coefficient 
2. I: rainfall intensity 
3. in/hr.: inches per hour 

4. A: area 
5. Q: flow 
6. cfs: cubic feet per second 

 
By comparing the peak runoff values in Tables 2 and 3, the proposed project will increase the peak flow that 
drains to the southwest DI, and it will decrease the peak flow that drains to the DI near the roundabout.  
Therefore, a stormwater detention facility will be required in the western drainage area, but a stormwater 
detention facility will not be required in the eastern drainage area. 
 
In order to determine the approximate detention volume that will be required to mitigate for the increased 
peak runoff rate associated with the 2-year storm in the western drainage area, the “Skupe” method was 
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applied.  The “Skupe” method was developed by Joe Skupien, PE, and provides a simple approach to 
estimate the detention basin storage volume that will be required to detain any peak runoff beyond the 
specified storm event for existing conditions.  Appendix 6 presents a description of the “Skupe” method. 
 
Appendix 7 presents the calculations used to estimate the required detention volume using the “Skupe” 
method.  Based on this method of estimation, a detention basin with the capacity to hold approximately 702 
to 878 cubic feet of stormwater runoff will be required in the western drainage area.  The ideal location for 
this will likely be in the southwest corner of the site where there is already a DI, which could be converted 
into an outflow control structure.  The proposed bioretention facility in this area (Bioretention Facility #7) 
can also serve as a detention basin.  According to the conceptual site plan, Bioretention Facility #7 will have 
a footprint of approximately 792 square feet.  In order to store a volume of 702 to 878 cubic feet, a ponding 
depth of approximately 1 foot will have to be accommodated. 
 

4.0  Conclusions 
The conceptual site plan for the Arcata Community Health Center provides adequate stormwater mitigation 
features to satisfy the requirements of a Hydromodification Project in accordance with the Humboldt LID 
Stormwater Manual v2.0.  A more thorough and detailed analysis will be required during the final stages of 
design for the site. 
 
 
 
 
 
 
 
 
 

Rec'd ComDev 06-07-19



 

 

Topographic Survey 1 

Rec'd ComDev 06-07-19



R
 O

 S
 S

  
 S

 T

LANDS OF
OPEN DOOR COMMUNITY

HEALTH CENTERS
2014-2979-2

S U N S E T   A V E .

B
 A

 L
 D

 W
 I
 N

  
 S

 T
 .

F O S T E R   A V E N U E2014-19016-5(WIDTH VARIES)

LINE TABLE

Line # Bearing Distance

CURVE TABLE

Curve # Length Radius Delta CONTROL POINTS

Point # Northing Easting Elevation Description

SCALE: 1" = 20'

BOUNDARY & TOPOGRAPHIC
SURVEY

SHEET 1 OF 1

for

OPEN DOOR HEALTH CENTERS
SECTION 29,  T6N,  R1E,
HUMBOLDT MERIDIAN

IN THE CITY OF ARCATA,
 HUMBOLDT COUNTY, STATE OF CALIFORNIA

DATE: APRIL 2018, UPDATED APRIL 2019

NORTH

GRAPHIC SCALE

1 inch =        ft.

0-20' 10' 20'

20

17"x11" PRINTS ARE 1/2 SCALE

LEGEND

FOUND SURVEY MONUMENT

SURVEY CONTROL POINT

SUBJECT PROPERTY LINES

ADJACENT PROPERTY LINES

RIGHT OF WAY CENTERLINE

EASEMENT SIDELINES

CONCRETE PAVING

EDGES OF ASPHALT PAVEMENT

EXISTING GROUND CONTOURS

TOP OF SLOPE

TOE OF SLOPE / GRADE BREAK

DRAINAGE FLOW LINE

FENCE LINE

GAS LINE

UNDERGROUND ELECTRIC LINE

OVERHEAD ELECTRIC LINE

OVERHEAD TELECOMMUNICATION LINES

OVERHEAD ELECTRIC & TELEPHONE LINES

SANITARY SEWER LINE

STORM DRAIN CULVERT

WATER LINE

UTILITY POLE WITH GUY ANCHOR

JOINT UTILITY POLE

STREET LAMP

FIRE HYDRANT

WATER METER

WATER VALVE

SANITARY SEWER CLEANOUT

SANITARY SEWER MANHOLE

STORM DRAIN MANHOLE

UNDERGROUND UTILITY NOTE

   Underground utilities are shown based on a combination of visible
physical evidence and records made available to the surveyor by the City
of Arcata.   The surveyor makes no guarantees that the underground
utilities shown comprise all such utilities in the area, either in service or
abandoned. The surveyor further does not warrant that the underground
utilities are in the exact locations indicated. The surveyor has not
physically located the underground utilities.
   Call Underground Service Alert (USA)   1-800-642-2444
   a minimum of 48 hours prior to any excavations.

4. Boundaries and easements are shown based on the Preliminary Title Report
by Fidelity National Title Co. Order No. FFHO-FTO180146H-PG dated
2/2/2018. The resultant boundaries shown hereon are based on the data in
this report. The creation deed for this property was surveyed by me in the
Record of Survey for the Franke/Hibler Lot Line Adjustment recorded in Book
70 of Surveys at pages 150-153. A subsequent fee conveyance of the south
portion of that property was made to the City of Arcata for Foster Ave. per
Document No. 2014-19016-5. Bearings and distances from the survey
recorded in Book 70 of Surveys at pages 150-153 were rotated and scaled to
CCS83 per note #3 on the survey recorded in Book 72 of Surveys, pages
56-60.

5. The southwest corner of this site was covered in dense vegetation; April 2019
update surveyed this area.  Trees 12 inch and bigger were located in this
area along with pink wooden stakes set by others presumably delineating
wetlands.

SURVERY NOTES:

1. The purpose of this survey is to determine boundaries and topography data
of the Lands of Open Door Clinic as described in Document No. 201-2979-2,
Humboldt County Records.

2. Underground utilities are based on data provided by the City of Arcata and
visible physical evidence. Joint Trench/ Gas line on west line of property
based on found utility markings (flags). See Underground Utility Note below.

3. Bearings and distances are California Coordinate System of 1983 (CCS83)
Zone 1 (Epoch 2010.0) in US Survey Feet. Control from the survey recorded in
Book 72 of Surveys, pages 56-60 was utilized. The mapping angle per said
survey and this project is 1 degree 23 minutes 04 seconds- rotate bearings
counterclockwise by this angle to obtain “True” or Geodetic bearings. Grid
distances shown should be divided by the Combined Scale factor of
0.99989669 to obtain ground distances. Elevations are NAVD88 Datum
based on survey work performed for the City of Arcata Foster Ave. Extension
Project.
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grade.  We are not aware of any available records of historical groundwater levels at the project site.  
Groundwater conditions can be expected to fluctuate in response to seasons, storm events, and 
other factors.  Note that the free face along the south margin of the site should allow groundwater 
“escape”; therefore we do not anticipate prolonged periods of very shallow groundwater. 

5.0 Evaluation of Potential Geologic Hazards 
 
5.1 Surface Fault Rupture 
 
A series of three northwest trending, northeast dipping sub-parallel thrust faults have been 
mapped through downtown Arcata (Carver, et. al., 1985; Kelley, 1984; Figure 5).  These fault traces 
were mapped based on geomorphic features (scarps, topographic lineaments) and limited and/or 
undocumented exposures in road cuts.  All three of these mapped traces terminate and/or become 
queried within the northwest portions of Arcata.  Carver, et. al., maps the northernmost fault trace 
south of the site, extending into and terminating within the Jolly Giant Creek drainage, coming to 
within approximately 400 feet of the site.  Kelley shows the same fault trace striking toward the 
subject property and terminating approximately 1000 feet southeast of the property.  Both Carver 
and Kelley have not mapped any structures across the marine terrace surface on which the site is 
located.  Additionally, this particular trace has not been determined to be sufficiently active and 
well-defined to warrant zoning under the provisions of the Alquist-Priolo Earthquake Fault Zoning 
Act (1972).  The closest recognized active fault is an approximately 1.5 mile segment of the Fickle 
Hill fault (central trace), located south of the subject property, which comes to within 
approximately 1800 feet of the subject property on its northwest end (Figure 6).   
 
A thorough investigation into the surface fault rupture hazard of the northern trace of the Fickle 
Hill fault zone was conducted by Geomatrix (2008) at Humboldt State University’s site of a Student 
Housing Facility (under construction at the time of this writing).  Their report presented the results 
of approximately 300 feet of exploratory trench and a geophysical survey which focused on the 
mapped location of the northern trace of the Fickle Hill fault zone where it crossed the site.  Gently 
folded sediments of Late Pleistocene aged deposits and a step in Franciscan bedrock (at depth) 
were documented, though no evidence of Holocene surface fault rupture was observed.  Geomatrix 
concluded that at this location, “the potential for surface fault rupture associated with the northern 
trace of the Fickle Hill fault zone beneath the site is extremely low.”   
 
We found no evidence in our investigation that a previously unrecognized active fault may be 
present.  Marine terraces, in general, are low relief topographic surfaces that would be anticipated 
to clearly express fault morphology, if active faults were present.  The age of the undeformed 
marine terrace surface on which the site is located, as described above, is sufficient to preclude 
Holocene fault activity.  The risk of surface fault rupture at the project site is considered remote. 
 
5.2 Seismic Ground Shaking 
As discussed in Sections 2.2 and 2.3 above, the project site is located within a seismically active 
area, with numerous sources of damaging earthquakes within the region.  The 2007 California 
Building Code (CBC) requires specific information for seismic design. Based on our knowledge of 
subsurface and geologic conditions, we estimate a Site Class D for the project.  Based on the site 
class and the latitude and longitude, we calculated the design spectral response acceleration 
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Preliminary Peak Flow Evaluation: Rational Method

Project:     Arcata Open Door By:     JOB Date:  5/16/2019

Location:  Arcata CA Checked:   PEG Date:  5/17/2019

Pre-Development Condition

Western Drainage Area Eastern Drainage Area

C = 0.2+0.12+0.07+0.06

Per Caltrans HDM Chapter 810 0.45

C = 0.14+0.12+0.12+0.1

Per Caltrans HDM Chapter 810 0.48

I for 2-yr storm (in/hr):

Tc min = 5 min 1.98

I for 2-yr storm (in/hr):

Tc min = 5 min 1.98

A (acre): 1.105 A (acre): 0.647

Q (cfs): 0.98 Q (cfs): 0.61

Post-Development Condition

Western Drainage Area Eastern Drainage Area

C = [(0.95)(49,164)+(0.2)(16,707)/65,871 0.76 C = [(0.95)(6,178)+(0.2)(4,283)/10,461 0.64

I for 2-yr storm (in/hr):

Tc min = 5 min 1.98

I for 2-yr storm (in/hr):

Tc min = 5 min 1.98

A (acre): 1.512 A (acre): 0.24

Q (cfs): 2.27 Q (cfs): 0.31

=> Detention is required in Western Drainage Area => Detention is not required in Eastern Drainage Area

Post-Development Runoff > Pre-Development Runoff Post-Development Runoff < Pre-Development Runoff
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~ perspective 

Detention basin sizing - quick & dirty 

M any civil engineers who design 
and/or review Jetrlltion basins 
haw their own quick and dirty 

method for colll ing up with a (asl answer - a 
curhstone opinion - when asked Ih(' qurs 
lion. "Approximatdy how larg~ a detention 
hasin wil l be lH'l'dl'd to achieve zero increase in 
the flow rail' le,wing a sile, aftef development, 
(or a lOO-yea r slonn? " 

In my own pr.)(li((' I know of abOlI! half a 

dozen "Olrthouo]ogies" which answer the 
question, somt' of which J devised myself. But 
[(,(t'lltl)' I ran :la os:. :t m('[h~ld that an enginecf 

(ril'fld of mint' liSt'S wh irh , hased on my own 

review or it, works wry well. 
My colleague, loe Sku pi en, P.E., prilctices pri

marily in New Jersey and USt'S the methodolo
gy outlined below. ·Skupe" (as many of us in 
the state know him) apparently developed this 
method on his own, but it is ccnainly possible 
that other engineers in a parallel universe may 
he using a similar approach to getting a fast 
answer to an often asked question, 

Skupe cautioned me that this is definitely an 

<lpproximatc mcthod For more ac('ur,l\l' r('sulls 
and a detailed design, an inOow hydrograph 
should be developed and the storage indic,l
tion (or other) rou ting procooure util ized. 
However, il has been my experience thaI 
Skupe's procedure works very well and I rcc
ommend il (used wilh caution) 10 anyone who 
needs a fast, approximate answer. 

Probably the simplt.'St solution to the quick 
and diny detention hasin prohlcm is to pro
vide a site-specific depth of runoff. spread 
th roughout tht' arca 10 be paved, or othcnvisc 
In:lde i:nper .... iol1s In Nl'W l<'!"'''~'' which is :t 
re!'Hively humid !iI,lIl', through experience .lIlt! 
counl lcss detailcd detent ion basin de:;igns, I 
have found that £\'10 inches of depth o{'cr the 
tOlal proposed newly-pa\'ed area is almost 
always sufficient to assure zero increase in the 
runoff rate leaving a sit(, (for the 100·year 
stonn) , Here is how it work .. : 

Assume you have a lO-acre sile and that 
100,000 square feet. or slightly more than two 
acres, of it will he newly-paved after you con
struct a small subdivision on it. A two-inch 

depth (olle.sixth of:t (001) OVl'r 100,000 ~qll,lI,' 
ft'l'1 equab 01 volume of 16,667 wbic fcCI 

My l'xlwriellcc in New Jersey (il !lHISI Iw 
emphasii'.I.°J Ihat th{' two·inch v:t luc i~ ~l'(l 

graphic<llly specific) confirms that provluillJ..: 
16,667 rubic feet of storage will prove to be 
adequate to aSSllre :I£fO incfc.lse in runo(L 

Howevcr, onc should be cautioned that III 

some placcs (heavy rainfall areas such as Ihe 
southeastern llnilcd Slall'S come to mind), il b 
likely that ,1 depth grcJter thJn two indl l ':-' 

would be Ilceded 
Similarly, in st'mi-Mid dim:tlt's, ~1I(h ,IS db' 

:-.outhwesl, .llmos! Cl'rtainly less than two illl h 

es of depth would hc required, 
I intend to wrile a follow-up on this subjl'n , 

so if <l!lyone has his, or her, own way of solving 
the quick-answer problem relating to delen 
lion basins (or any other engineering su1*(I) 
please \('1 me know. _ 

Al Pagan is a (mUll/ling e1lgin£'('1- in We"II!J!lI)", 

N,}. HHllII/lereached at (201) M6-8767.i:.'-IHdi! 
pagan@cenews_com _ 

Estimating Required Detention Basin Storage Volume 

-(/) 
Z LJ... 

U g -- ~ 

~ 
~ 

~ ~ 

~ ~ 

~ 
~ 

':i ..J 0 u. w 
~ 

~ 
9 
~ « 

........ t-.ri • 4 J I Plot peak basin inflow (Qin) . 
- _1IiII_ .... ;;_iII_"_.@TIme=TImeofconcentranon(TC) 

..... t-.15 ; 4 iii Drow apprwdmat. inflow hydrograph about 
Oi_ ..... _IoI_~_iI piotto<! peak ,nflow as shown (or plot acrual 

inflow hydrognph from runof! comp<n>tions) 

T~-f.----I-----If---------'l .. - .. ii ... m,".ai~~jij;[4tD~·'~ Plot allowable basin o~cflow 
~ ... ____ (QaU) on descending limb 

~ 
Q: 

... 
, Draw assumed limb outflow 

hydrogcaph between Q = 0 
and Q = Qall 

of assumed (or aaual) inflow 
hydrogcaph 

TIME 
~'~r ::=-:,-=-'=-~--<-t--t-r~_ 'T"-c -~--c-:""T ___ -~..,...= -'-:-="T-::: -;--:-:c -r_ -:'~'f - (M INS.) 

TIME OF TIME OF CONCENTRATION (TC) X 2 
CONCENTRATION (TC) 
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perspeCTive 
...... 1-_ Peak basin inflow = Oin (CfS) 

----
...... ~. Assumed inflow hydrogroph (or actual if available) 

Vl 
Z u.. 

U ~ --- ~ 

~ 
~ u. 

...... t-. Allowable basin outflow = Qall (CFS) 
. :?; 

'" ..oJ ;:li 
"-

u. 

TIME OF 
CONCENTRATION (Tq 

, ASSUMED OUTFLOW 
HYDROG~(ACTUA~Y. 

ITS ASCENDING UMB) 

TIME OF CONCENTRATION (Tq X 2 

From theory and geometry: Required stonge volume:: Difference in area of two triangles 

TIME 
(MINS.) 

From theory and experience: Approximate required storage volume::: (Qin·Qall)(3)(TC)(O.S)(60sec/min)(K) ..... C 'F 
Where: Oin = Peak basin inflow (in CFS) 

Qal! ::: Allowable peak outflow (in CFS) 
Te ::: Time of concentration (in mins.) 
K ::: flctor to account fo r nonlinearity of actual hydrognphs; Normal range::: 1.2 to 1.5 wlo stormwater quality, 1.5 to 2.0 w/stormw,uer quality 

Note: Do not use for SCS methodology nows where Qall < 0.2 Oin 

Zeiss. Freedom of Choice. 
Freedom in Surveying. 

DiNi 21/11/11T 
2nd Generation 
Digital Levels 

• AIN code rnput. 

• Very low power consumption. 

• 5 m level rod . 

• 2200 data lines integrated memory (DINi 21). 

• Data memory on PC MClA card (DiNI 1111lT) 

• Onboar.d file management (DiNi 11IllT). 

Carl 'Zein, Inc. 
Surveying Division 
One Zeiss Drive 
Thornwood, NY 10594 

800.873.6277 
Fax:.914.681 .7472 
survey@zeiss.com 
www.z(!iss.comlsurvey 

'" .'. 

New With World's First QuickLock 
Elta S 10/20 Total Stations 

11 
7PS 
ONBOARD 

• Unique Quicklock sensor 
to re·lock on target in second~ 

• Searchlight for quick location 
of dis tant prisms. 

• Positionllght for fas t sett ing ou t 
with decimeter·level accu racy 

• Reclink·S remote con lrol un it 
with computer & two·way radiO Irnk 

II 
Use InfoExpreu .34 @ www.ceneW5.com 
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Job Number: 018011 Calculated By: JOB

Job Name: ODCHC - Arcata Date: 5/16/2019

Checked By: PEG

Date: 5/17/2019

Preliminary Detention Pond Sizing

"Skupe" Method:

Estimates approximate required detention storage volume:

Formula:

V = (Q in - Q all)(3)(TC)(0.5)(60 sec) (K)

     min

Where:

V = Approximate required storage volume (ft 3 )

Q in = Peak Basin Inflow (cfs) = 2.28 cfs for post developed 2-year

Q all = Allowable Peak Outflow (cfs) = 0.98 cfs for pre developed 2-year

TC = Time of concentration (mins) = 5 mins for post developed 2-year

K = 1.2 to 1.5 without stormwater quality

Solution:

For K = 1.2

V= (4.93 - 2.65)(3)(33)(0.5)(60)(1.2)= 702 ft 3

For K = 1.5

V= (4.93 - 2.65)(3)(33)(0.5)(60)(1.5)= 877.5 ft 
3

V = approximately 8,000 ft 3 to 10,000 ft 3

\\Eureka\Projects\2018\018011-ODCHC-Arcata\Data\Appendix-G-Prelim-Detention-Basin-Sizing-Skupe.xlsx
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