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Hydrologic challenges created by urban land use

The urban environment modifies primary hydrologinponents
(and therefore quality) compared to the pre-constructed environment:
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5. Evaporation decr eases.

Quality and quantity are coupled phenomena
In urban drainage. Until societies begin to
restore the hydrologic cycle; required
treatment will be difficult to sustain.

:onstructed

— Time, t

* Example: A rainfall event generating 3 inches of runoff over a 200-
acre urban catchment can generate over 16 miletlorgof runoff volume.
Consider the treatment infrastructure requireccantrol” and “treat” such
volumes intermittentlyif there is not some level of hydrologic restoration.



A Partial Exfiltration Reactor (PER) with CPP
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Ir{filtration capaCitv:
20-50 L/min-m?

Structural capacity:
4000 psi nominal

unconfined compressive

strength

Adsorption capacity:

[Per kg of OCS media] Zn|:
30mg,Cd:30mgPb:240._ ..
mg, Cu: 60 mg (@ C/C, < i

0.1) Liu et al 2001.
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Cementitious per meable pavement (CPP), asan in-Stu
material with behavior that can be measur ed/modeled

Lateral Sheet F)Iow,sq

CPP adsorptive-filter design:

T [ TOT Tlgvaporation

*11-15KkN/m
*0.1- 0.005 cm/s

* 25,000 — 30,000 Kpa
* 20 - 50 L/min-m

Mix Design Proportions:

* varies

* varies kg
* varies kg
* varies
*10-30 %
* varies

Unit weight
Kuraea(Clean bed)

Unconfined strengt
Surface loading rate

LV
Y Y Y Y ¥

Unsaturated

y
Y

Type Il Cement flow in
Sand AOCM media
Gravel or subgrade
Water

Ksatfor media: 0.01 cm/s
o - Solids &
particulates

Total porosity
Amphoterics



F Water content profile and mass balancefor 12 June 1997 event

{ -5 o
' SE g m— Rainfall
10 £ E
Ny 4 6:6 - 10 1
- — 15 |
- ¢ 200
40 1 z g Ooo
20 2 = 100 />° Mass balance error:
iy 5 O 0.334%
‘ |.| O LL J J . }
oo 80 1 W T Measured influent
| ) o |
S = 60 - || —— Modeled effluent
! MR i oyl ; E 40 J/ \\
| an RARIETIELY o< /" © Measured effluent
L= 204 |
W1 |
i — 0

2T T ¥ T T § RN § I R § I
Elapsed Time, t (min)



Permeable Pavement: A Multi-Purpose In-situ Material
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Filtration mechanisms of the CPP layer at PER surface
(apre- & primary treatment, protects media, can be maintained)
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Filtration mechanism
d./d, ratio using mass base

of media and particulates

8 1 r2 = 0.99 L o
-6 | Influent| Surficial Straining  Dccep-bed Filtration Physical Chemical
ZO (dm/dp < 10) (10 < dmfdp < 20) (dmfdp > 20)
[rr<£ 0.9 _
87' 4 T The power law function uses
4 5 | cumulative particle number 1\ P
_ Effluent density (PND) of all particles N, =af =
O+ larger than the reference value R
1 10 100 (i.e. 1 ym).
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XRT imaaina and imaae nrocessinao
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Image resolution R= 30 um, 200 image slices were acquired along the height
evenly with a spacing 0.5 mm



Experimental matrix summary with mass balance fePC

Particle loading [m] (mg/L) 50 100 200
Hydraulic loading rate, (L/m2-min) 22.28 22.17 22.35
Initial, k. (102cm/s) 3.23 3.04 3.24
Final, k (10°cm/s) 6.97 6.29 5.58
Elapsed time,_t(hour) 252 197 136
Particles in influent particles, Ng) 60.9 92.7 131.6
Particles in overflow, M(Q) 43.7 74.3 111.6
 Particles in effluent, M(g) 2.1 2.0 1.5
Particles strained on surface, (@) 14.0531| 15.2368 | 16.8598
Strained particle thickness,, (mm) 1.5 1.6 1.8

Mass balance error for each experiment < 10%




Methodology: Particle Loading Size Gradation
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Loading concentration: 50, 100, and 200 mg/L
CPP pore characteristics: @ > 27% andp, > 23%



CPP hydraulic conductivity (k) functions for typica
highway pavement particulate (SSC) loadings

10 ko(e)'bt - ml = ?80”]9/'7'_ [m]. = 50 mg/L
o 1IM;= ML by -0.0218
0.8 A [m] =200 mg/L |
> 06 Modeled [m]; = 100 mg/L
2 04 k,=3.15 x 102 cm/s b = 0.0245
0.2 ¢ X - _ _ [m]. = 200 mg/L
0.0 - Tt O T weewee | b = 00356
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Time (hr)

K,: the initial hydraulic conductivity with normalidek(t) data modeled
using a forder exponential function that can be a modeltmp&$WMM



Results: cumulative strained particles on the QRfase
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Again, another model that can
be used as input into SWMM



Maintenance cycle determination arbRsis

Final k Elapsed time (j ¢ = In(k; /Kq)
from k to k, B "e - b
Runoff particles, [m] L L obt
N — a\b) l

T — : Cleaning period
Surface strained particles,,M interval, p (yr)

Runoff duration time per eveng, t ] p< ly

3651,/ x

Average period between events, X

Runoff duration Q) per event: 3 hours (total duration of 156 hours)
Average period (x) between events: 4 days

Minimum hydraulic conductivity (K: 102 cm/s

Mass concentration [mpading: 100 mg/L at (Jor sandy silt gradation

Maintenance cycle (P): 0.57 yearsfor thissmple example



K restored by surface cleaning:
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Breakthrough Comparison of AOCM and Perlite
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Experimental conditions:
2. Influent dissolved P = 0.5 mg/L; 2. pH = 7.3. lonic strength = 0.01M KClI,

4. AOCM size = 2.00 ~ 4.75 mm; 5. Surfaceallng = 40 L/(n3-min)




Parametric Comparison of P adsorption on
AOCM and Perlite with model parameters

Freundlich | sotherm

Qe = KFC:en

2"d order kinetics

Thomas modé€
1

Ke n R?

AOCM | 0.722] 0.42| 0.985

Perlite | 0.002| 2.29| 0.998

de K, R®

AOCM | 0.117| 0.552| 0.988

Perlite | 0.020| 1.370| 0.986

XM, | XIM_. | V, | V..

(mg/g) | (mg/g) | (BV) | (BV)

AOCM | 0.17 0.35 | 221 | 673
Perlite | <0.001| <0.02| 0 | <10

XI/M = breakthrough capacity as G/40.1,;

XIM = exhaustion capacity as G/0.9;
V . =number of bed volumes (BV) treated at effluentktierough as C/=0.1;
V_.number of bed volumes (BV) treated at effluent esian as C/.=0.9

H|O

1+ EXF{E (Qem — Covb N BV ):|



Total Phosphorus (TP) removal after infiltrating

TP [mg/L]

TP [mg/L]
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Removal efficiency
B,,=51.4,646.9,47.7,
48.9, 49.8, 49.5, 50.1%

Removal efficiency
B,,=92.2,90.0, 84.0,
83.4,84.3,83.4,85.0%




CPP asan In-situ Control System, including AOCM

1.  Hydrology, chemistry, volume and particulate s@ort are complex and coupled
phenomena. Ultimately successful permeable pavedasigns will reflect this
reality, provide synthesis and incorporate geoteahmssues.

2.  Permeable pavement systems require analyses taskédctive porosity and
weighted tortuosity. Both hydraulic conductivity and filtration ressifollow
first-order exponential relationships for CPP.

3. Both permeable pavement and engineered grarubgrade must be developed
with a calibrated and validated model that candezlas plug-ins to models such
as SWMM. As with any control, aactual mass balance is a requirement.

4.  Restoration of hydraulic conductivity bgcuuming or sonication/vacuuming
can restore nearly all of the hydraulic capacityhef pavement matrix.

5.  Granular base or media performance is very, défgrent as can be seen with a
comparison of engineered AOCM as compared to cdiore storm water
media such as perlite. AOCM exhibits negligiblsaption.

6. These systems beneficially enhance hydrologemotal and particulate
parameters back to pre-modified conditions




