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The purpose of this Regional Retention Evaluation is to investigate the potential economic 
benefit of implementing a regional on-site retention approach within the Durango ADMP study 
area in lieu of the current requirement for developers to incorporate on-site retention within their 
project limits. This approach is only intended for areas where the current on-site retention 
requirement is shown to be ineffective in preventing increases in peak runoff rates resulting from 
land development practices. 

The approach used in the evaluation is to estimate the economic benefit to a developer if the on- 
site retention requirement is waived. A portion of that economic benefit is then used to pay for 
the construction of a regional retention basin and collection system. The remaining portion of the 
economic benefit would then be retained by the developer, or shared with the County, as an 
incentive to participate in the regional retention basin project. An approximately four square 
mile area within the Durango ADMP study area is used as a case study for the economic 
analysis. 

Hydrolony 
The Durango ADMP HEC-1 hydrology models are used to determine where 100-yr, 2-hr on-site 
retention is ineffective within the study area. For purposes of this analysis, ineffective on-site 
retention is defined as when the developed conditions peak discharge, with on-site retention, is 
higher than the peak discharge in the same sub-basin under existing conditions. 

Several Hydrology Models are used for this evaluation: 
*:* Existing conditions, 100-year, 6- and 24-hour storm. 
*:* Fully developed conditions, 100-year, 6- and 24-hour storm, with NO new on-site 

retention. 
*:* Fully developed conditions, 100-year, 6- and 24-hour storm, WITH new on-site retention 

incorporated. 

The "existing conditions" and "developed conditions with on-site retention" models are already 
developed from the Durango ADMP. While the "developed conditions with no new on-site 
retention" is developed for the purpose of this study. All six scenarios are with the ADMP 
recommended features in place. The results from these models are summarized in a comparison 
table which shows the peak discharge generated within each sub-basin for all six modeling 
scenarios. The HEC-I modeling comparison table is found in Appendix A. Sub-basins with 
ineffective on-site retention are depicted on the drainage sub-area map on Figure 1. 

Figure 1 indicates that on-site retention is ineffective for nearly the entire Durango ADMP study 
area. In some areas, this may be due to the change from agncultural land uses, characterized by 
high retention volumes and infiltration rates, to residential and industrial uses characterized by 
large impervious areas such as roads, rooftops, and parlung lots. These characteristics combined 
with the additional rainfall in excess of the 2-hour storm generated by the 6-hour and 24-hour 
storms results in the required on-site retention volume being inadequate to offset the increase in 
runoff resulting from development. 
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On-site Retention Concept 
With the ineffective sub-basins identified, a representative four (4) square mile study area is 
chosen for the Regional Retention Evaluation. The evaluation is based on City of Phoenix 
development requirements. A meeting with the City of Phoenix Development Services 
Department was conducted to verify development, open-space and "first flush" requirements. 
The selected representative study area contains mostly undeveloped agricultural land, soon to be 
developed and is shown on Figure 2. 

The value to developers within the representative area from waiving the on-site retention 
requirement is determined by estimating the economic benefit of the reclaimed land normally set 
aside for on-site retention plus the savings to the developer from not providing a storm drain 
system to drain the basins. The value of reclaimed land is estimated based on the sale of 
additional residential units placed on the reclaimed land due to the on-site retention requirement 
being waived. The reclaimed land area is the area normally required for on-site retention, minus 
the area that must still be set aside to meet the City of Phoenix 5% open space requirement. 

The land area that would be required for on-site retention is estimated based on the Maricopa 
County method of determining retention volumes, V=CDA/12 where D=2.8 in/hr (3.1 in/hr in 
Tolleson). This volume is then divided by an average basin depth of 2 feet, which takes into 
account volume lost in basin grading from features such as side-slopes. Since the developments 
will still be required to have 5% open space, the open space area is subtracted from the retention 
basin land area. This results in a net developable land area, which could be used to build 
additional homes. An average residential lot size of 6000 square feet (7.3 dwelling units per 
acre) and a net benefit to the developer of $75,000 per additional dwelling unit are assumed for 
calculations. 

If the developers were required to provide on-site retention basins, they would also be required to 
drain them within 36 hours. A storm drain system for the 4 square mile study area is developed 
to drain the basins. The storm drain system is estimated to cost $3.8 million. If the on-site 
retention requirement is waived, this system will not be required thus adding an additional 
benefit to the developer. The developer would still be required to retain the "first flush" volume, 
which could be accomplished with shallow basins within the open space areas. 

Approximately 165 acres is required for on-site retention within the 4 square mile representative 
area. Of the 165 acres, 132 acres is still required to meet the open space requirement, leaving 35 
acres net developable land for additional dwelling units. At 7.3 units per acre, 257 additional 
units could be built at a developer benefit of $19,275,000. Adding the developer savings of 
$3,825,000 from not providing the storm drain system to drain the basins results in an economic 
benefit to the developer of $23,100,000. 

Regional Retention Concept 
A location within the representative study area is identified as a regional retention basin site. 
This location is chosen based on the ability of a collection system to collect and deliver runoff 
from all developments within the study area. The required land area for the regional retention 
basin is based on the volume required to capture the entire runoff with no developer on-site 
retention. A system of channels and culverts is established as a collection system based on a %- 
mile grid. This grid size is chosen due to typical development patterns. The collection system 
concept is shown on Figure 3. The collection system is made up of open channels along 
roadway alignments with culverts at road crossings. 
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An estimate of the cost to implement the regional retention basin concept including land 
acquisition, design, construction, landscape, and the collection system to deliver the runoff to the 
basin is presented in the cost summary in Table 1. Design calculations and cost estimates are 
presented in Appendix B. 

Table 1 - Cost Summary 

Benefits of Regional Approach 
The cost to construct the regional basin and collection system is almost 28 million dollars more 
than the value to the developer from waiving the on-site retention requirement. The regional 
retention basin could be constructed with the developer savings, however, the cost of the 
additional collection system required to convey the runoff to the regional basin makes the 
concept uneconomical. 

Facility Type 
Channel 
Culvert 
Basin 

Total 
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-CPIM 
SUWE 

CPlD2 
WJMB 
SUBlB 

SUBK 

- C M  
SuBOc 

DROC 
RTMOC 

CPOC 
RTOCMB 

SUBMB 

DRMB 

Dwango ADMP 
Ineffective Retention Analysis 

ExktingCondl(kn, FutureCondltkru Futun Cond#knr 
W R d m h I l  Hl l (hRdal th 

WIT 24-hr 64r 2441~ d h r  U-hr 
169 131 344 252 SUBID1 344 252 

FLWlDl 333 221 FALSE I !  F T _ ~  : 

226 1 64 542 387 SUBID2 542 387 
FLWID2 463 281 FALSE r r f r T  F~ ~r 

1174 1138 1712 1564 -CPIDl 1085 1082 
250 1 95 518 379 SUBlE 518 379 

FLOWIE 501 337 FALSE L~ ct - I  

1691 1607 2602 2567 CPlD2 1535 1321 
1669 1588 2564 2489 MClDlB 1485 1310 
357 272 753 548 SUBlB 753 548 

FLOWlB 71 3 420 FALSE t;f ECTI ii 
227 165 575 412 SUBlC 575 41 2 

FLowlC 503 322 FALSE F F r L  CTlVE 

1839 1754 3324 3243 -CPIBl 1829 1531 
61 3 449 785 574 SUBOC 788 576 

FLOWOC 788 !576 FALSE FALSE 

in 91 m 162 DROC m I 62 
50 39 64 49 RTDlOC 36 30 

61 3 449 785 5T7 CPOC 788 -6 
31 6 221 342 238 RTOCMB 260 202 
674 546 1562 1244 SUBMB 1562 1244 

FLOWMB 1515 1205 FALSE rti - (  TI;E 

31 3 261 534 528 DRMB 529 51 2 
268 21 9 399 326 RTDIMB 208 1 74 
81 9 729 1562 1293 @CPMB 1- 1205 
730 648 1151 1031 RTMBIB 727 633 

2526 2378 431 1 4142 aCPIB2 2475 2098 
2496 2342 4225 4017 MClBlA Z E 1  2023 
268 1 93 492 352 SUBME 489 349 

FLOWME 489 346 FALSE - F i i C  -I ,t 
163 109 279 179 RTME~A in 89 
347 254 578 419 SUBlA 578 41 9 

FLOWlA 578 419 FALSE FALSE 
2554 2426 4450 4240 -CPlA 2427 2121 
2529 2407 4383 4155 MClAHB 2322 2040 
368 258 627 447 SUBHB 627 447 

FLOWHB 627 447 FALSE FALSE 
31 8 235 539 382 SUBDA 539 392 

FLOWDA 539 392 FALSE FALSE 
2530 2427 4488 4266 -CPHBl 2326 M77 
465 333 431 308 SUBLD 431 309 

FLOWLD 431 309 F l- f z' rs., E FALSE 
428 300 403 279 RTLDMA 383 263 
1 85 1 32 430 305 SUBMA 430 305 

FLOWMA 425 265 FALSE + i t  , i \  

601 426 703 475 CPMA 61 3 418 
358 236 437 284 RTMAHB 287 169 

2600 2516 4720 4521 -CPHB2 2432 2211 
171 1 24 41 7 297 SUBLB 41 7 297 

FLOWLB 385 n~ FALSE 
1 44 97 31 4 211 RTLBHA 171 84 
1 43 104 296 214 SUBHA 295 21 3 

FLOWHA 285 174 FALSE 
2641 2583 4896 4733 CPHA 2469 2289 
2608 2559 4775 4566 MCHACB 2278 2131 
385 304 866 670 SUBEE 866 670 

FLOWEE 803 607 FALSE 
93 76 131 120 CPEE1 122 109 
87 71 120 99 RTDlEE 87 69 



Future Conditknr Fu&reCond&u~s E m c t h  vs. 
W n h o U t ~  W#lRd.ntkn 

68r #hr dhr 244r 
868 672 CPEE 803 607 
341 217 RTEEEA 106 83 

1322 1086 SUBEA 1322 1086 
FLOWEA 1213 961 FALSE -. r .  - F 

1200 1086 CPEA 1123 954 
1134 1OOB MCEADC 794 600 
1135 890 SUBDC 1135 890 

FLOWDC 1107 789 FALSE - 7~ I-T 5 
1538 1318 -CPDC 874 762 
1505 1282 MCDCCC 797 590 
293 210 SUBDD 293 21 0 

FLOWDD 244 153 FALSE E T  F ~ ? - I  , t  
1 85 126 RTDDCC 80 41 

1213 964 SUBCC 1213 964 
FLOWCC 1213 964 FALSE FALSE 

2096 1830 -CPCC 1 1 4  458 
2054 1794 MCCCCB 1063 879 
686 530 SUBCB 686 530 

FLOWCB 6M 529 FALSE EL LET-IJF 

6349 6229 -CPCBl 2764 2686 
1340 1048 SUBGD 1340 1048 

FLOWGD 1340 1048 FALSE FALSE 
488 348 SUBKC 488 348 

FLOWKC 431 257 FALSE FFrFCTlvE 

229 146 RTKCGD 88 49 
408 294 SUBGC 408 294 

FLOWGC 408 294 FALSE FALSE 
368 249 RTGCGD 350 249 

1573 1318 CPGD1 1522 1286 
1107 846 RTGDCB 727 542 
7078 6978 -CPCB2 3061 2961 

3065 3192 5266 5096 MCCBCA 2355 2309 
in? 1006 SUBCA 1272 1007 

FLOWCA 1272 1007 FALSE FALSE 
3068 3210 5265 5119 -CPCAl 2348 2306 

3 a  259 SUBGB 365 261 
FLOWGB 365 261 FALSE FALSE 

1 98 126 RTGBCA 208 1 42 
3067 3211 5277 5145 -CPCA2 2348 2315 

5177 5045 BDRCC 2240 2216 
100 100 P-DRCC 100 99 
100 100 MCCABC 99 99 
829 610 SUBBC 051 626 

FLOWBC &51 626 FALSE FALSE 
576 675 -CPBC 562 671 

5995 7083 CPAFBC 2616 3487 
388 281 SUBAD 388 281 

FLOWAD 384 248 FALSE ; I , - :  

9 9 BSNAD 8 8 
567 408 SUBAC 567 408 

FLOWAC 567 400 FALSE . - 
546 413 CPAC 544 400 
21 3 59 BSNAC 14 6 
621 448 SUBAB 621 448 

FLOWAB 621 448 FALSE FALSE 
540 445 CPAB 538 443 
1 73 16 BSNAB 5 4 
1 98 139 SUBAA 1 98 139 

FLOWAA 1 98 139 FALSE FALSE 

Dibble and hsocbtes 
COY8 HEC-1 Summary.xls 

Durango ADMP 
Ineffective Retention Andy& 



Dibble and Associates 
COY8 HEC-1 Summary.xls 

h 

C P M  
SUBBB 

RTBBBA 
SUBBA 

CPBA 
HCTRl 
BSNAA 

SUBWTl 
SUBWTZ 

DUR. 

Duranga ADMP 
Ineffective Reteritii Analysis 

E~kthgCond#anr Fuhu,C#rd#kns F ~ ~ c o n d t N o J ~ ~  
WnbutRIkntkn Hllth R.bcn(kn 

6hr U h r  6hr U-hr 64r 24-hr 
174 138 284 138 CPAA 174 138 
209 1 59 375 276 SUBBB 375 276 

FLOWBB 375 261 FALSE p t '  7 ,  .- 
1 28 93 1 29 93 RTBBBA 73 48 
221 1 59 353 251 SUBBA 353 251 

FLOWBA 363 251 FALSE FALSE 
21 5 1 58 345 251 CPBA 345 250 
305 257 369 309 HCTRl 280 246 
26 4 173 40 BSNAA 4 2 

1347 loo0 1347 loo0 SUBWTI 1354 1005 
423 306 423 306 SUBWT2 425 308 

4453 5165 6332 7668 DUR 2041 3768 



Appendix B 
Design Calculations & Cost Estimates 



5% $40,000 7.3 $3 $75,000 
$lac dutac ($/dia inch)/ft $/du 

Maricopa 
County Retention Open 
Volume Effective Basin Land Space Net Retention Additional Storm Drain Estimated 

Sub- Developed Req'mt Volume Area 63 2' Land Area Developable Basin Land Residential Cost to Benefit to 
Basin Area (sm) (ac-ft) (ac-ft) deep (ac) (ac) Land Area (ac) Value ($) Units Developer Developer 

SUBOD 
0.28 32.42 25.93 16.2 9.0 7.2 $289,810 53 $142,560 $4,117,560 

SUBOC 
0.1 1 12.38 9.91 6.2 3.4 2.8 $1 10,709 20 $0 $1,500,000 

SUBMB 
0.96 77.65 62.12 38.8 30.8 8.0 $321,835 59 $570,240 $4,995,240 

SUBMC 
0.93 77.92 62.33 39.0 29.7 9.3 $372,275 68 $71 2,800 $5,812,800 

SUBME 
0.26 14.61 11.69 7.3 8.4 0.0 $0 0 $95,040 $95,040 

SUBHB 
0.22 16.19 12.95 8.1 6.9 1.2 $47,718 9 $261,360 $936,360 

SUBlA 
0.18 13.34 10.67 6.7 5.7 0.9 $37,664 7 $61 7,760 $1,142,760 

SUBlB 
0.53 39.76 31.81 19.9 17.0 2.8 $1 13,630 2 1 $997,920 $2,572,920 

SUBlE 
0.30 22.54 18.03 11.3 9.7 1.6 $64,405 12 $427,680 $1,327,680 

SUBID1 
0.21 15.75467 12.60 7.9 6.8 1.1 $45,013 8 $0 $600,000 

3.98 322.57 $3,825,360 $23,100,360 

Dibble and Associates 
CO#8 Cost Surnrnary.xls 

Durango ADMP 
On-site Retention Evaluation 



Storm Drain Cost 

Drainage Drainage Design Target Target 
Volume Volume Flow Rate Velocity Pipe Size Design Pipe Deslgn Storm Drain Cost to 

PIPE ID (ac-ft) (ftA3) (cfs) (In) Size Velocity Length Developer 
A 16.21 706040.2 5.45 5 14 18 3.08 2640 $1 42,560 

Dibble and Associates 
CO#8 Cost Summary.xls 

Durango ADMP 
On-site Retention Evaluation 



Channel cost 30% 
A c. 

B c e o - 3 0 
c 2 E 

C 0 2 & C - 
LI 

a e m m - 
Y V 

rn a h $! 3 
A 449 449 2640 0.0009 E 0.0300 15.0 4.1 6 6 N 22877 $6 $137,259 $3,000 $1,000 2640 16 15 $0.65 $54,912 108.4 0 120 $1.80 570,240 7.3 Res I Ag $0.99 $313,632 $193,171 57,951 $1,134,995 
B 681 681 2640 0.0019 E 0.0300 20.0 3.9 6 6 N 24145 $6 $144,870 $3,000 $1,000 2640 16 16 $0.65 $54,912 111.5 0 130 $1.80 617,760 7.9 Res I Ag $0.99 $339,768 $200,782 60,235 $1,218,545 
C 681 681 2640 0.0009 E 0.0300 25.0 4.3 6 6 N 30942 $6 $185,651 $3,000 $1,000 2640 16 16 $0.65 $54,912 122.7 0 140 $1.80 665,280 8.5 Res 1 Ag $0.99 $365,904 $241,563 72,469 $1,345,216 
D 681 681 2640 0.0019 E 0.0300 20.0 3.9 6 6 N 24145 $6 $144,870 $3,000 $1,000 2640 16 16 $0.65 $54,912 111.5 0 130 $1.80 617,760 7.9 Res 1 Ag $0.99 $339,768 $200,782 60,235 $1,218,545 
E 681 681 2640 0.0009 E 0.0300 30.0 4.1 6 6 N 30855 $6 $185,131 $3,000 $1,000 2640 16 16 $0.65 $54,912 124.1 0 140 $1.80 665,280 8.5 Res 1 Ag $0.99 $365,904 $241,043 72.31 3 $1,344,54C 
F 1325 1325 2640 0.0019 E 0.0300 30.0 4.8 6 6 N 39701 $6 $238,206 $3,001 $1,000 2640 16 16 $0.65 $54,912 135.2 0 150 $1.80 712,800 9.1 Res 1 Ag $0.99 $392,040 $294,118 88,235 $1,487,193 
G 379 379 2640 0.0009 E 0.0300 10.0 4.1 6 6 N 20403 $4 $81,610 $3,001 $1,000 2640 16 16 $0.65 $54,912 103.5 0 120 $1.80 570,240 7.3 Res I Ag $0.99 $31 3,632 $1 37,522 41,257 $1,062,651 
H 1700 1700 2640 0.0009 E 0.0300 55.0 5.3 6 6 N 61487 $6 $368,924 $3,000 $1,000 2640 16 16 $0.65 $54,912 166.6 0 190 $1.80 902,880 11.5 Res / A g  $0.99 $496,584 $424,836 127,451 $1,951,751 
I 1700 1700 2640 0.0009 E 0.0300 75.0 5.3 0 0 N 49345 $4 $197,378 $3,000 $1,000 2640 16 16 $0.65 $54,912 107.0 0 120 $1.80 213,840 7.3 Res / Ag $0.99 $313,632 $253,290 75,987 $856.749 
J 619 619 2640 0.0019 E 0.0300 15.0 4.0 6 6 N 22657 $6 $135,945 $3,000 $1,000 2640 16 16 $0.65 $54,912 108.1 0 120 $1.80 570,240 7.3 Res 1 Ag $0.99 $313,632 $191,857 57,557 $1,133,286 
K 619 619 2640 0.0009 E 0.0300 20.0 4.4 6 6 N 28950 $6 $173,700 $3,000 $1,000 2640 16 16 $0.65 $54,912 118.6 0 140 $1.80 665,280 8.5 Res/Ag $0.99 $365,904 $229,612 68,884 $1,329,680 

- L 654 654 2640 0 0019 E 0.0300 15.0 4.1 6 6 N 23633 $4 $94,530 $3,000 $1,000 2640 16 16 $0.65 $54,912 109.6 0 130 $1.80 61 7,760 7.9 Res 1 Ag $0.99 $339.768 $150,442 45,133 $1,153,103 
M 619 619 2640 0.0009 E 0.0300 20.0 4.4 6 6 N 28950 $6 $173,700 $3,000 $1,000 2640 16 16 $0.65 $54,912 118.6 0 140 $1.80 665.280 8.5 Res 1 Ag $0.99 $365,904 $229,612 68,884 $1,329,680 
N 1200 1200 2640 0.0019 E 0.0300 45.0 4.9 0 0 N 27421 $6 $164,529 $3,000 $1,000 2640 16 16 $0.65 $54,912 77.0 0 90 $1.80 427,680 5.5 Res 1 Ag $0.99 $235,224 $220,441 66,132 $949,477 
0 3135 3135 2640 0.0009 E 0.0300 110.0 5.4 6 6 N 100512 $6 $603,070 $3,000 $1,000 2640 16 16 $0.65 $54,912 223.8 0 250 $1.80 1,188,000 15.2 Res 1 Ag $0.99 $653,400 $658,982 197,694 $2,698,076 
P 366 366 2640 0.0019 E 0.0300 4.0 3.9 6 6 N 15846 $6 $95,079 $3,000 $1,000 2640 16 16 $0.65 $54,912 94.5 0 110 $1.80 522,720 6.7 Res 1 Ag $0.99 $287,496 $1 50,991 45,297 $1,006,504 
Q 419 419 2640 0.0019 E 0.0300 4.0 4.1 6 6 N 17565 $4 $70,262 $3.000 $1.000 2640 16 16 $0.65 $54,912 97.8 0 110 $1.80 522.720 6.7 Res / Ag $0.99 $287,496 $126,174 37,852 $974,242 
R 3091 3091 2640 0.0009 E 0.0300 110.0 5.4 6 6 N 99511 $6 $597,064 $3,000 $1,000 2640 16 16 $0.65 $54,912 223.1 0 250 $1.80 1,188,000 15.2 Res I Ag $0.99 $653,400 852,976 195,893 $2,690,268 

$24,884,501 

CO#8-MPDesign xls Dibble and Associates Master Channel 



I Culvert Cost 30% 

Dibble and Associates Master Culvert 






