Problems_EnviroLand

Problem Illustrating The Transport of A Pollutant in A Stream

One Curie of ¥*Cecium-134 (¥4C) is accidentally released into a small stream.
The stream channel has an average width of 40 m and an average depth of 2
m. The average water flow in the stream is 40 m*/s and the stream channel
drops 1 meter in elevation over a distance of 10 km. Assuming that the ““Cs
is evenly distributed across the stream channel, estimate the distribution of
"¥Cs as a function of distance downstream (using a maximum distance of 30
km)at 1,3, 6, and 12 hours. Also estimate the ®4C activity (concentration)
at a distance of 10 km at 6 hours after the release. (¥*Cs has a half-life of
2.07 years.)

Solution:
(1) Caleulate the average stream velocity in m/s.

cross-sectional area of stream channel = width * depth = (40m)(2m) = 80 m?
average velocity = (40 m*/5)/(80m?) = 0.50 m/s

(2) Caleulate the rate constant, k, for **Cs.

he = okt
For a first-erder reaction: o
where C = the concentration (or activity of B4CYat time t
C. =the initial concentration (or activity) of B4
k =the decay rate constant, and

+ =time.

At the half-life(t12). one-half of the original concentration remains.
Substitution of this into the equation above yields:

(1

2%
| c. = -k‘r% or

05 _  In05 =~ P
- ‘r% * 20Byr - k = 0.338yr

o yl‘j’ d ] hr ]’min] ) .
(0338 yr )L365d L24 hr Léo min Leos = 107 x10% s



Thus, the decay rate constant for “*Cs is 1.07 x 107 ™.

(3) Calculate the longitudinal dispersion coefficient, E (also referred to as

the coefficient of eddy diffusion).

- Im - 1m-d
slope = 5000m - °

u = Jfgds = J(9.81m/s?)(2mX10¢) = 0.044m /s
_ viw® (050 m/s)*(40m)*> _ .
E =001~ = 00 e e s O s

(4) Arrange data in the proper units:

M, =1curie =1 x10°mCi (Inthe program this is entered as 1 Ci)

w 240m

=Z2m

=50m?/s

variable in seconds (g)
variable in meters (m)
0.50 m/s

=107 x 108 ¢

d
E
+
x
v
k

(5) Input datato pregram and obtain graph

Example Problem: Longitudinal Concentration Profiles

as A Function of Time
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(6) Caleulate C(xt) at 10 km and at 6 hr. (x = 10,000m and + = 6 hr =

216005)
_ M, [ (x—w)? b
C[X,f} = de E)(P._h- 15 - Iﬂdl
1x10¢ wCi [ (10000m - (0.50m / s)(21600s))°

= X]}I
(40m)(2m).Jaz(S0m* / 5)(21600s) . 4[50m* / £)(21600s)

= 339x10% %% = 339*0.862

= 232X 10* il m’

= 292x10° CifL = 2920/ L

y (1.;}?;:19*5-’}[216:}55}‘:
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Instantaneous Release
Into A Stream

This section of EnviroLand allows the user to
predict the concentration of a pollutant in a stream.
The input of the pollutant is treated as an instantaneous

input; for example, the immediate release and mixing of

Step 1:
Manually convert input data to metric units of:

50 gallons of acetone in a stream. The model used here
is a one-dimensional advection-dispersion equation that

ean also account for the first-order degradation or

Meters, Kilograms, or Curies removal.

Step 2:
Enter or caleulate the longitudinal dispersion coefficient, E:
* Enter the known Eddy dispersion coefficient:

® Ez |49.67 (in m%/s)

" Calculate the Eddy dispersion coefficient:
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Step 3:
Caleulate first-order rate constant:

® Enter half-life: |2.06 years =3.36E-1 /year
=0 (choose a unit)

Step 4:
Enter data and create plot:
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® Width: w= ’T m Elioice
& Depth: d= ’27 m
& Valoeity: vz W m/s
Dispersion: E= 49.67 m¥s
Rate constant: k= 6.4E-7 /minufes

Step 5: (optional)

Caleulate pollutant concentration at a specific distance and time:

Click here
to reset
time units

Plot Concentration as a Function of:
" Time, but at a fixed distance
" Distance, but at a fixed time

 Varying distance and time
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(chooze a unit) ays
[—d
'*—;ll
Click for Concentration = Curies/Liter
Eq
Options  Helpful Info  Navigation Plot
Adjust Range: Time Range (in hr):
# Total mass: Mﬂ: l] Ci & Width:  w= |40 m © Manual b ,07 WW

d= |2 m

® Rate Constant: k= |6.4E-7 /minutes ® Depth:

* Automatic J}

® Velocity: v= |0.5 m/s

® Dispersion: E= |49.67 m2/5

Distance (in km)

o

Point

Time at a fixed distance: ‘ 2.76E-19  nanoCuries/Liter

0.90 o
o
A
c
7]
[
vl |
2
1
t
Y|
a B 1 15 2 25 3 35 4. 45 E. E5 6.




Options  Helpful Info  Nawvigation Plot

# Total mass: an 1 Ci

& Width:

#® Rate Constant: k= |6.4E-7 /minutes ® Depth:

w= |40 m
d= |2 m

Adjust Range:
" Manual

Distance Range (in km):

0 to|13.2

* Automatic J

Point
® Dispersion: E- [40.67 wiis ® Velocity: v= |0.5 m/s| | Time (in hr)
— ‘ Distance at a fixed time: | 9.B4E-01  nanocuries/Liter
11. 19 Kilomater
7
Al
c 3
+
i
v |2
i
t
Y| {1
[1] I1 IZ. I3 ‘4 IS. I6. ‘7 IE ‘9 Itﬂ. III ‘12. If.
Kilometer
Options  Helpful Info  Mavigation Plot
Adjust Range: Distance Range (in km):
& Total mass: MU= i Ci & Width: w= |40 m © Manual wep ,07 ,M’F

#® Dispersion: E= |49.67 mzf‘s

® Rate Constant: k= |6.4E-7 /minutes ® Depth:

#® Velocity: v= 0.5 m/s

d= |2 m

& Automatic J)|

Point
Time (in hr)

0’1—0’5—
0’5—0’3—

|Var"y|'nq distance and time: ‘ B.40E-02 nanoCuries/Liter 1.BBE-03

3.70 Kilometer

2.97E-

05 neneCuries/Liter

7.02E-09

nanoCuries/Liter

nanoCuries/Liter

- =+ 0 >

~ + — <
w

10. 12 14,

Kilometer




Transpert of Pollutants in Rivers and Streams

The close proximity of chemical factories, railways, and highways to
natural waterways frequently leads to unintentional releases of hazardous
chemicals to these systems. Once hazardous chemicals are in the aquatic
system, they can result in a number of detrimental affects for considerable
distances downstream from their source. This program allows the user to
predict the concentration of a pollutant downstream of an instantaneous
release of the pollutant. Examples of instantaneous releases can be as
simple as small discrete releases such as dropping a liter of antifreeze off a
bridge: or they can be more complex such as a transportation accident that
results in the release of acetone from a tanker-car. Once released to the
system, the model assumes that the pollutant and stream water are
completely mixed (i.e. there is no cross-sectional concentration gradient in
the stream channel). This is a reasonably good assumption for most systems.
The model used here accounts for longitudinal dispersion (spreading in the
direction of stream flow), advection (fransport in the direction of stream
flow at the flow rate of the water), and a first-order remowval term
(biodegradation or radioactive decay).

The governing equation is obtained by initially setting up a mass
balance on a cross-section of the stream channel as described by Metcalf
and Eddy (1972). When the dispersion term given above is included in a
cross-sectional mass balance of the stream channel, each term can be
described as

5C
Inflow:  QCAt - EAS= Ar
X

5C 5 AC
Outflow: Q[c . %m]m ; EA[O_— v 25 Ax]m

X cx”

Sinks: vkCAt

where Q = volumetric flow rate (m%/s)
€ = concentration (mg/m>)
E = longitudinal dispersion coefficient (m%/s)
x = distance downstream from point source (m)
v = average water velocity (m/s)

The two longitudinal dispersion terms in these equations:

EAC—C Dt and

Ex
= ~Z

EA[? . C‘g Dx} Dt
Ex cx

were derived from the following equation:

CM: EACC

ot ox
where éM/Et = mass flow
eC/ex = concentration gradient
A = cross-sectional area

E = coefficient of turbulent mixing



From this equation, it can be seen that whenever a concentration
gradient exists in the direction of flow (6C/éx), a flow of mass (aM/ct)
oceurs in a manner to reduce the concentration gradient. For this equation,
it is assumed that the flow rate is properticnal to the concentration
gradient and the cross-sectional area over which this gradient oceurs. The
propertionality constant, E, is commonly called the coefficient of eddy
diffusion or turbulent mixing. Thus, the driving force behind this reduction
in concentration is the turbulent mixing in the system, characterized by E
and the concentration gradient.

The inflow, outflow, and sink equation given earlier can be combined to
yield the pollutant concentration at a given cross section as a function of
time. This combination of terms is generally referred to as the general
transport equation and can be expressed as

Accumulation = inputs - outputs + sources - removal

Combining the inflow, outflow, and sink ferms into the mass balance
expression and integrating for the equilibrium case where 8C/ct = O, results
in the following governing equation for the transport of a pollutant in a
stream system:

-

M (x— vi)? ]
Cx 1) = — Mo pxp| - XV 1y
R L ZEt

whereC(x,t) = the pollutant concentration (in mg/L or mCi/L for
radicactive compounds) at distance x and time t

= mass of pollutant released (in mg or mCi)
= average width of the stream

&

= average depth of the stream

= longitudinal dispersion coefficient (m%/s)

= time (s)

= distance downstream from input (m)

= average water velocity (m/s)

= first order decay or degradation rate constant (1/s)

*<x +ma s x

Note that EXP represents "e” (the base of the natural logarithm).

When there is no (or negligible) degradation of the pollutant, k is set
to zero. The longitudinal dispersion coefficient, E, is characteristic of the
stream or more specifically the section of the stream that is being modeled.
Values of E can be determined experimentally by adding a known mass of
tracer to the stream and measuring the tracer concentration a various
points as a function of time. The equation given above is then fitted to the
data at each sampling point and a value for E is estimated. Unfortunately,
this experimental approach is very time and cost intensive, and is rarely
used. One common approach for estimating E values is given by Fischer et al.
(1979)

vew?

E = 001

u

and



where v = average water velocity (m/s)
w = average stream width (m)
d = average stream depth (m)
g = 9.81 m/s? (acceleration due to gravity)
s = the slope of the stream bed (unitless)

From +these equations i+ can be seen that the downstream
concentration of a pollutant (in the absence of degradation) is largely a
function of the longitudinal dispersion which, in turn, is determined by the
mixing in the system and the slope of the stream bed.

References:

Fischer, H.B., List, E.J., Koh, RCY., Imberger, L., and Brooks, N.H. 1979.
Mixing in Inland and Coastal Waters, Academic Press, New York.

Metcalf and Eddy, Inc., 1972. Wastewater Engineering: Collection,
Treatment, Disposal. McGraw Hill Series in Water Resources and
Environmental Engineering, McGraw Hill, New York.



Problem Illustrating The Step Input of A Pollutant into A Stream

An abandoned landfill leaches water into an adjacent stream at a rate of
1500 L/min. The concentration of 2-chlorophencl in the water is 500 mg/L.
The stream has dimensions of 20 m wide and 2.3 m deep, and has a water
velocity of 0.85 m/s. The regional slope of the stream channel is 1 f+ per
1500 ft distance and the first-order half-life of 2-chlorophenol is 2.5 d.
What is the concentration profile of 2-chlorophenol in the stream and what
is the concentration 25 km downstream from the point source?

Solution:

(1) Caleulate the mass input to the stream in kg/s.

o [1500L}[minj[500mg][ g J( kg J
mass input = -
min J\60s/\ L 1000mg /| 1000g

mass input = 0.0125 kg/ s

(2) Calculate the flow rate of the stream inm®/s.

flow rate = width * depth * water velocity = (20 m) (2.3 m) (0.85 m/s) = 39.1
m¥/s

(3) Caleulate the rate constant, k, for the first-order decay of 2-
chlorophenol.

IHC— = -kt
For a first-order reaction: 7
where c = the concentration at time t
C. = the initial concentration of 2-chlorophenol
k = the first order decay constant, and
+ = time in seconds

At the half-live (t1/2), one-half of the original concentration remains.
Substitution of this into the equation above yields:

1
2
In - -kT% or
In0.B In0.5
- = - = = . d']
’r% 25d k = 0277
d hr [minj
-1 - -6 -1
(0277 d )[24 hr][60 min] 0s) - >21x107s

Thus, the decay rate for 2-chlorophenol is 3.21 x 10% st

(4) Calculate the longitudinal dispersion coefficient, E (also referred o as
the coefficient of eddy diffusion).

- m — 4
slope = 1500m - 6.67 x 10
u=z Jgds = (9.81m/s?)(23 m)(6.67x10°) = 0.123m /s
2w? 0.85 2(20 m)?
E=o011 Y - gop ©BM/SI@OM oz

du (2.3m)(0.123m / 5)



(5) Arrange data into proper units:

Q =391m’/s

W =0.0125 kg/s

220m

=23 m

=0.85m/s

z11.24m%/s

= variable in meters (m)
3.21x10% ¢

X m< o s

(&) Input data into program and obtain graph

Example Problem: Leongitudinal Concentration Profile as a
Function of Distance from The Point Source
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(7) Caleulate €(x) at 25 km.

c- LMEXP{%H e ‘tkE}
Q. B §
v
00125kg /s
x
\ . A321x10° s)(AL2Am* /9)
391Im* /s \fl 0.89)°
£yp | (0-85m / <)(25000m) ;"'] 4E2AX10% sY1Z4m7 /9 )
Zilzami /sy Ly 085 m/s) )
C = 3.20x 10" EXP (-0.0944)
= 291x10™ kg/m®
C=0291mg/L




Problem Illustrating the Use of The Streeter-Phelps Equation

A city discharges 25 million gallons per day (mgd) of domestic sewage into a
stream whose typical rate of flow is 250 cubic feet per second (cfs). The
velocity of the stream is approximate 3 miles per hour. The temperature of
the sewage is 21 °C, while that of the stream is 15 °C. The 20 °C BODs of
the sewage is 180 mg/L, while that of the stream is 1.0 mg/L. The sewage
contains no dissolved oxygen, but the stream is 90 percent saturated
upstream of the discharge. At 20 °C. K is estimated to be 0.34 per day
while k' is 0.65 per day.

(1) Determine the critical-oxygen deficit and its location.

(2) Also estimate the 20 °C BODs of a sample taken at the critical point.
Use temperature coefficients of 1.135 for k' and 1.024 for K.

(3) Plot the dissolved-oxygen-sag curve.

(4) Determine the dissolved oxygen concentration at 1000 km from the
peint source.

SOLUTION:
(1) Determine the dissolved oxygen in the stream before discharge.

Saturation concentration at 15 °C (from table on worksheet) = 10.2 mg/L
Dissolved oxygen in stream = 0.90 (10.2 mg/L) = 9.2 mg/L

(2) Determine the temperature, dissolved oxygen, and BOD of the mixture
using the mass balance approach. Note that units should be compatible.

Flow rate of stream (conversion to liters):

; N N N Y N
[ 250 cubic feet) 7.48 gal {60 s’ 60 min 24 hr 1616 x 10° gallons /d

| 5 M eubic foot\ min U hr U d )

. .'.’ \

[161.6 x 108 gallons| 379L =612 x10° L /d = 612 million liters / d
\ .'._\ ga jl

Flow rate of sewage effluent:

e 6 N N\
(25 x10° gallons |(3.79 L | _ g4 8, 10¢ L /d = 94.8 million liters /d

\ d L QQI y,

NOTE: Visual Basic limits the magnitude of some numbers, therefore
flowrates should be expressed in million gallons/day, millien liters/day, or
million cubic feet/day.

Temperature of mixture:

MNet Change in Temperature (DT) =  Stream Input  + Sewage Input - Oufput
0 =(stream flow rate)(stream temp.) + (sewage flow rate)(sewage temp.) - (mixture flow rate)(mixture temp)
0= (612x10° L/d)15C) + (948 x 10° L/d|20C) - (612x 10° L/d + 948 x10% L/ d|T,

mortve
upon rearrangement yields:
(612 x 10° L /d )15 C) + (948 x10% L/ d)j20C)

T, = =15.67C
e Bl2x10°L/d + 948x10°L/d

10



Dissolved oxygen of mixture:

Met Change in D.0.=  Stream Input  + Sewage Input - Cutput
0=(stream flow rate)(stream 0.0.) +(sewage flow rate)(sewage 0.2} - (mixture flow rate)(mixture 0.0.)
0= (612x10° L/df9.2mg/L) + (948 x 10° L/ d)0.0) - (612x10° L/d + 248 x 10° L/ d(D.Oy )
upon rearrangement yields:

(612 x 10° L /d)(3.2mg/L) + (94.8x10° L/dj00Omg/L)

D.0.,, = - - =T7.91mg/L
e 612 x10° L/d + 948x10° L/d "3

BODs of mixture:

MNet Change in BODy (DBOD.) = Stream Input  + Sewage Input - Output
0 =(stream flow rate)(stream BOD )+ (sewage flow rate)(sewage BOD,) - (mixture flow rate)(mixture BOD,)
0= (612x 10° L/ d){10) + (94.8x10° L /d)(180) - (612x10° L/d + 948 x 10° L /dBOD,,...
upan rearrangement yields:
(612 % 10° L /d)1.0) + (948 x 10° L /d j180)

BOD = = 2501 mg/L
At 612x10° L/d + 948x10° L/d "3

BOD. of mixture (at 20 °C):

BOD; _ 250mg/L

BOD_ = (76T - [ DR - 30.68mg /L

(3) Correct the rate constants to 15.7 °C:

Rate constants are not linearly related to changes in temperature, therefore
we must correct them using an exponential relationship. Typically these can
be corrected using the two constants and equations given below. Note that
20 °C is used as the reference point since this is where the original data for
the k's were collected.

k'=0.34(1.135)°7% = 0.197 day
k2 = 0.65(1.024)°7% = 0,587 day’

(4) Determine the critical +ime (t.) and critical distance (x:). In the table
note that the saturation value for O: at 15.7 °C = 10.1 mg/L, however the
stream is at 90% of the saturation value (9.2 mg/L). Thus, the initial
oxygen deficit,
D. = (the initial stream Ozvalue - the Oz of the mixture)

= (10.15 - 7.91) = 2.24 mg O2/L

1 K|, DK,k
+ = - g 2|g_Zer2 7/
. k'z-k'nk'{ K'BOD, J
- 1 0587/d[, 224mg/L(0.587/d-0197/d)
© ~ 0587/d-0197/d ' 0197/d 0.197/d(30.6mg /L)
t, = 244d
x. = vt.

- [3’""“\[@\{2.4 d) = 1728 miles

h JUd )t

or

smiles\.[z.ez km\[24h\.. \

= = 1——|(24d] = 278.2 k
[ h U mile J d)[" J "
(5) Determine D..

To calculate the critical oxygen deficit, Dc, we must first convert the water
velocity into units of miles/d or km/d. Therefore, 3 miles/hr = 72 miles/d.



D, = —BOD et/
k|2

,

Lg;z;ij} (30.68)8_(0'19?N}(1?2'8 mies)/(72nile/d) _ @ 41 mg /L

Thus, the D.O. will be depressed 6.41 mg/L from its saturation value. The
intital O: concentration of the stream will be the saturation value minus the
D..

or 10.15 - 6.41 = 3.74 mg O./L.

(6) Determine the BODs of a sample taken at distance x..

BOD,; = BOD ™M

Oxygen Sag Curve

- (306mg /Lk-ﬂ.lQ?!d[I?‘t.Zmil&sJ'F’Zmiles.v’d} - 19.0 mg /L
20 *C BOD; = BODL[l - e-“"}@]
= 19.0mg/ L[I - e-(ﬂ-a‘”d}(fﬂ}] = 155mg/L
(7) braw the oxygen sag curves for both miles and km from the point source.
Oxygen Sag Curve 10
10 E’ g
E g SR
= @ 6 *
I s
§ ¢ . H 3
= 5 % :
3 4 s
£ ‘
. -500 0
£ 2
[=]
1
0 t t t t t t t t t t 1
-100 0 100 200 300 400 500 600 700 800 900 1000

Distance from Source, miles

normally encountered in the Zone of Active Decompesition.

500 1000 1500 2000

Distance from Source, km

Note, that in this example all O: concentration values are above those

Thus, we

basically have a Zone of Degradation and a Recovery Zone, delineated by the

low point in the data plot.

(8) Determine the dissolved concentration at 1000 km from the point
source.
k' BOD. | werw 2 e

[gmia o o

_ (0.197/d)(30.6 mg /L)
" {0587 /4d) - (0197 /4)

D =

M) e Dae T

1x10°m ) I
— | - ExP -(0.587 /d
6= m/d) \ ¢ /4)

{ 1x10° m
+ 21800 -0887) T
= 15.46]EXP(-1.70) -EXP(-5.06) | + 2.13EXP(5 .06)
= 15.46(018) +213(001)
= 2.80mg /L

1x10%m

|:E>CP:I -(0.197 /d) T x07n7d) |

The calculated oxygen deficit created by the BOD is 2.80 mg/L. The initial
oxygen concentration in the natural stream is 9.2 mg/L. Thus, the D.O. at
1000 km will be 10.15 - 2.8 = 7.35 mg/L which agrees with the data plot
shown above.

12



Explanation of Example Problem for a Step Input to a Lake

A lake in a rural community has an average surface area of 5 km? and a
mean depth of 50 m. A stream exits the lake with an average annual flow
rate of 45,000 mgfyr'. Arial application of an insecticide in the area
introduces the compound into the lake. The average annual loading to the
lake from the atmospheric and from agricultural runoff is estimated at 50
kg/day. Assuming a first-order removal of the insecticide (half-life = 45
days) from the lake and the initial background concentration of insecticide in
the lake are negligible:

(1) Estimate the detention time of water in the lake.

The volume of the lake is equal Yo the average surface area times the mean

depth,
Volume = (5000m?) (50 m) = 250,000 m*
. . _  250000m® _
Detention time = m = BbB6yr

(2) Caleulate the equilibrium concentration of insecticide in the lake.

Inorder to solve this portion of the problem, we must first convert the
first-order half-life to a rate constant, k, expressed in units of reciprocal
years. The half-life of 45 days is equal to a half-life of 0.12 years.

c
In oS ket
In(0.5) = - k(0C.12yr)
k = B.78 /yr
MNow,
C = ﬂ
BV
p=tekz_L +578=59
t 556
c- W (50kg / day)(365 day / yr)
BV 5.96 (250000m?)
= (126 x 107 kg/m")(1000g / kg)(10°mg/ g)(1m* / 1000L)
= 125mg/L
(3) Determine if the first-order decay is an important removal process by (4) Caleulate the concentration after 1 year.

constructing a plot using the first-order decay rate and another plot
without the first-order decay

100

20

20

70

60

50

Conc. (mglL)

40

30

20

It is evident from these two plets, that the decay rate is important in
reducing the concentration of pollutant.

c: Wien
v '
_ 1
where p= — + k
Concentration without first-order decay B= i + k= ! + 578 =596
t, 556
¢ Wies
v !
c: (18250 kg / yr)(1000g / kg)(10°mg / g) i

5.96(250000m > )(1000L / m*)
€= 1225(1- ™
Concentration with first-order decay C:z1225- 12.25(2.55 X 10-3)
C=122mg/L

02 0.4 08 08 1 12 14 18
Time (years)

59671
-e
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Explanation of Example Problem for an Instantaneous Input to
a Lake

Here, we will use the same problem used in the step input example
problem, but we will monitor the removal of the insecticide if the input is
ceased after 1 year. We found in the previous problem that after 1year the
average concentration in the lake was 12.2 mg/L. The previous problem
statement was: "A lake in a rural community has an average surface area of
5 km? and a mean depth of 50 m. A stream exits the lake with an average
annual flow rate of 45,000 mS/yr'. Arial application of an insecticide in the
area introduces the compound into the lake. The average annual loading to
the lake from the atmospheric and from agricultural runoff is estimated at
50 kg/day. Assuming a first-order removal of the insecticide (half-life = 45
days) from the lake and the initial background concentration of insecticide in
the lake are negligible:”

From the previous problem, the volume of the lake is equal to the average
surface area times the mean depth,

Volume = (5000 m?) (BOm) = 250,000 m?®
250,000 m*®

Detention time = m

= 556yr

In orderto solve this problem, we must also convert the first-order
half-life to a rate constant, k, expressed in units of reciprocal years. The
half-life of 45 days is equal +o0 a half-life of 0.12 years.

c -
[I'I. a = - k'"
In(05) = - k(0.12yr)
k=z578/yr

From the previous problem, the concentration after 1 year is

W, .
¢ = B_V[I-E&)

where p = *i + k

(18250 kg/ yr)(1000g/ kg)(10°mg/ g) (1 - &%)
5.96(250000m>)(1000L /m?) -

C=1225(1 - e®%7)

C = 12.25 - 12.25(2.58 x 10)
C=122mg/L

(1) Now, for this problem calculate the insecticide concentration as a
function of time. The equation governing this process is
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where Co = 12.2 mg/L. A plot of this equation is shown below.
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(2) Caleulate the time required to reach an insecticide concentration of 100
mg/L which happens to be the detection limit for this compound.

{8814

c+) = Cc,e"¥ ', or
ct) = ¢, ta-;';”(";r
CH) _ {2+
c, ¢
0100mg/L _ { L +sm)
122mg/L

0100mg/L _ [ 1 \
" TeZmg/L - \Bmg * 78
480 = 596+
t = 08lyr

Thus, it is seen that the lake will recover very rapidly after the input of the
insecticide is halted.



Problem: Groundwater: Pulse Release of Pollutant

A 100 m? tanker containing a 100 mg/m’ solution of 2 4-dinitotoluene wrecks and
empties its entire contents above an aquifer. The cross-sectional area of the spill is
50 m®. The aquifer has a porosity of 30 percent, a bulk density of 1.6 g/em’ a
velocity of 10 m/yr, and a dispersion coefficient of 10 m%yr. The distribution
coefficient of 2,4-dinitotoluene for this aquifer material has been measured to be 2.5
mL/g. 2,4-dinitotoluene biodegrades through a first order reaction at a rate of 0.693

yrt. How far and how fast will 2,4-dinitetoluene migrate through the aquifer?

Solution:

1. Caleulate the retardation factor from the distribution coefficient.

ks

n -

bae)

= = 14.33.

2. Correct the cross-sectional area of the spill site to the woid volume rather than
the total velume.

Cross-sectional area * porosity = 50m® x 0.3 = 15 m%.
3. Calculate the total mass of chlordane spilled.

Volume spilled * concentration of solution =

(toom* [1000—9} 100,000 mg or 100 g.

4. If necessary, calculate the first order degradation rate from the half-life.

05 _, o -0693 .,
ti2 ® o 009625Gr) T T

5. Arrange data into proper units

groundwater velocity, v = 10 m/yr,

the retardation factor, R = 14.33,

the mass of contaminant, M = 100,000 mg

the dispersion coefficient, D = 10 mE}yr',

the reaction rate constant, k = 0.693 yr"l, and
the cross-sectional area, A = 15 mZ.

6. Input data into program and obtain graph.

* EnviroLand v 2.50 -- Pulse Release of a Pollutant into Groundwater - Plot MEE
@ptions  Helpful Infe fdewigation  Plat
Data Summary

aid Valume  (A) [15 wt .::é:;.:w:im (™) [100000
Dispersion £

I Retapdati
Coefficiens  (0) [10 nfigge RETETON my [14.33
grounchwater b
welaciry ) |10 m/yr ‘:;:: ) |0.69 fyear
Distance at a fixed time: Concentration in:  micrograms/ Liter
At Mater: A403E02
i 297

Adjust Range

btance Range (in meters)
[0 [z eo0r

© Hhanug
& Automatic

nCi

| :o—-rg-.-vaun:anl
1
3
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7. Calculate the concentration 10 meters downgradient from the lagoon ten years
after the input.

r N ~2
Xk
E\I\)H\RJJ.J_M
b
P
C(x.1) = Lﬁ*a R
Ax {411'—+
R
IR
r'd ,[01
yr‘
10m TR Qyr
I'd Y
(02" —i\ "’"}W
o T
¥ |gzaz 1O
. 100,000mg . L
2
10™_
15m? lam | YT |*10yr
14,33

= 1,971 mg;‘m:" or 1.971 mg/L 2,4-dinitotoluene.



Problem: Groundwater: Step Input of Pollutant

A waste lagoon containing 100 pg/L benzene is contaminating the underlying
aquifer. The aquifer has a porosity of 30 percent, a bulk density of 1.6
g/cms_ a velocity of 10 m/yr, and a dispersivity of 10 m. The distribution
coefficient of benzene for this aquifer material has been measured to be 5
mL/g. Benzene biodegrades through a first order reaction at a rate of
0.025 yr". How far and how fast will benzene migrate through the aquifer?

Solution:
1. Calculate the retardation factor from the distribution ¢
_ PrRq
R=1+ n
[1.6 QEJ[s EJ
cm g
sl ——————— = 27.67.

Z. Lf necessary, calculate tThe dispersivity from the dispersion coefficient

and the velocity.

2
100["‘_J
D= oy, so0,=D/v= s
10[1]

yr

=10m

3. If necessary, caleulate the first order degradation rate from the half-

life.

o5 _, __ -0693

- -1
T, W?-?E 97 0.025yr~.

4. Convert data into proper units

Co = 100 pg/L,
v =10 m/yr,
o, = 10m,
R=27.67,and
k=0.025 yr.

5. Input data into program and obtain graph.

*. Enviroland v 2.50 -- Continuous Release of a Pollutant in an Isotrapic Aquifer - Plot (%]

Ootions  Helphul Info Plot Mavigation  New Plot

Data:
@ Enter nome of (ponzene
itant

Fresqnt(ys):

r Adjust Range:

oefficient.

T Manual

0.01 |[fo |1 41E2

Pallutan = =L Time from
® Dispersivity:  Cox=[10
# Groundwater: vz|10 (meters)

velocity  (m/yw) ® Retordation: Rz [27.67
# Initial {unitless) Enter dtance in

Concentration: Ca =100 ® Decay Rate: ke[0.025 Point 1: |10
{1iyrs)

{micragrams/Liter}

meters 7 Automatic

el Time from Present(yrs): 50 89 E
ﬂ 5684 micrograms/Liter ':- |

Plotting a Distance: Cone v. Time
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14,26 years

[se=-+c3+a3n30ny |
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a IIJl 2“’ BD. AUl 50’ SD. B’Dl SU. 9ﬂr ltILIl llU. I!Ill 1!0‘ lﬂtll
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6. Calculate the concentration 10 meters downgradient from the lagoon ten

years after the input.

.

= 078 pg/L benzene.

10M
10m — yr 10yr)| 1+(4 0_025L (2767)(10m)

27.67 yr m
10—
r
erfc Y

1M

yr

2| (101 1
(10m) 27.67 Oyr)
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