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S SAis a Iarge pumping station in the

5(’ .. Palm Beach’ County

) i : IConsists of six axial flow pumps, each
( 116 in. in diameter and rated at 800 c
+ Objective is to pump surplus water frori
agricuttural area, L-10, L-12 basin into
Water Conservation Area 1 (WCA1)

.~~~ Background /

Location (1 = l

-t Structure 5A is located at the northern tip of the
Water Conservatlon Area 1 (WCAL). !

1 Entry pomt for. water into the Everglades Protecélon
Area i

" : Water quallty

i

v Rroximity to the Everglades Agricultural Area (EAA)
makes it a receiving point for run-off water frorq
sudar and other farms i

a Runoff is rich in nutrients — especially phosphorus

o Adverse effect of phosphorus on the ecology of
Everglades |
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. \( Why is S-5A important? ’f

o Dlschafge is used for estimating the
~water quality
S(. . ,, Determlnlng ‘the phosphorus loading
due to agncultural run-off from the farms

)~ oQuantlfymg eutrophication {excessive plant
( . growth) for water draining into the Everglades

o Everglades Forever Act (EFA)
o Reduction in phosphorus levels
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gnfrequent

varying
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frequent
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proportional
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[ Samplmg at S-5A j

‘! - i

T EAA- EFA Mandates
\’ { i reguire ﬂow proportlonal sampling
! - b stipulates water-quality monitoring system such

~ | that total loading of phosphorus can be accurately

!~ determined

© This rule when applied to the sampling
~  system at 5-5A
samples must be collected so that they are

representative of the overall discharge from
the station

|




A ‘
Current Samplmg at S-5A /

An auto- sampler that

_ takes samplesin
) conjunctlon with pump
\’ i operatlon from 3 flxed
!/ -location)

i Totalizer triggers sample
collection

n Frequency- once every 8
min,

* Grab samples are also
taken, about 15 ft.
upstream of the
pumping station

u Frequency - weekly

)) Li}ﬁit)a‘;ibhs of the current / \\

conﬁguratlon of auto-sampler | |

/ Location: ‘“The sampler is designed to collect the
;sample El lque)t only from the inlet bay at Pump 4.

|

If pump(s) other than Pump 4 are running, |

sampling may be from a stagnant zone. ne /
\
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Y leltatlons of the current /’
|
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) autmsampler ...contd.

EER |
‘;‘1 ' Vanatlons m phosphorus concentration with \
S time — 'might not be adequately captured n l
¢ ' the aliquots i.e. the samples collected arelnot
. representative of flow. \ §
I l
* Total Phosphorus Loading based on such
sample concentration will not be accurate

|
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g (‘ Conceptual Design of the \
~ 1 . Proposed Auto-sampler

B ’;' ] i I i/ \\
. Conceptual Basis of the | |
1 Proposed Auto-sampler

. L Vo
‘ ' Continuous'sampling of the discharge

|
|
I
l
|
RepreSentatlve sampling i.e. sampling from
!
each individual pump that is running !l

' |

+ Flow-proportional sampling

\
- Total flow auto-sampler

Metering Pump i 3-way Vave
|
{

1 Miing "
Tank 1 / Mixing

3-way Valve ? 7/'

Main - o Sample
Pump

ON _
|

Aliquot Metering .— -

Pump
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B Flowf"ate in sampling tube - 6 ft/s (max)f

o

AT Design Parameters ’

JDlameter of samplmg tube - 3/8 in !
Lendth of sampling tube - 120 ft (max)

! ‘ -Volume of Mixing tank(s) - 55 gal (208 1)

VQIume of Sample Tank - 10 gal (38 L) l
Volume of each aliquot sample - 50 mL \

* Frequency of aliquot sampling - Once
every 5 minutes (at maximum discharge

Number of Pumps s
Running

\Stotlon Discharge
ofs
(Mgavminy

4000 A200 | 2400 | 1600 | 800
0.8 (149) | (108) | (072) | D36)

Total Ftoviate of
Samptiag Streamis)

[ Pum Bay

Residence time in
Hhixtng Tank 55 69 82 | 1375 | 275
(min)

Tire between Allguat
Sampting X 55 69 92 | 1375 | 275
{min}
Nomber of Aliguots
Lollected n & week

(Basis: 8 his of
operation every day)
Voume of Aliquots i
Collected In a week 8 642 | 484 | 322 | 18
Gat i @08 | @43 | 083 | 122} | G.1) \

L) X 2

i * A flow rate of 2 gpm for the toa discherga rale of 800 cfs through the main wmﬁ _]
iy N ]
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; Station Discharge Scenarios
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Station Discharge (cfs)
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(i Comparison of current and
~ 1+ proposed auto-samplers

Comparnéon using sxmulatlon,
g study

« Error associated with the sampling |

technique - assuming that there are no !
. ‘méasurement or instrument errors g
* Variations in concentration with time |

+ For two cases of discharge: i
i .constant discharge !
i varying discharge !

It is assumed that the current auto-!
sampler collects samples that are i
representative of the discharge.

g

() Grab sampie

g 8

- = Flow

H

Phosphate Concentration (ppb)
g 8

g
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Flow rate {cfs)

2 3
Time (week)

Aliguots collected Case 1 Case 2

1S-5A Grab 5 5 ‘1
“~|s-5A Auto-sampier 1120 3090 |
( Proposed Total flow Auto-sampler 1832 4784 \

ReSﬁli;s' from simulation study

CASE1 CASE2

Loading % Ervor Loadling % Ervor
(o) (o)

Tiue 1762 43}

S$5A Grab 175 09 481 120
S-5A Auto-sanpler 1%.1 006 * 433

Proposed Totat flow auto- 162 0 31
i sampler .
B
* Errors are based on the that the pler takes rep sampls !/
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[ ' Implementation j

) B !
+ Automatic -operation ‘
\'Flow rate of sampling streams |
. controlled to be proportional to the
discharge from the pump '

+"Pump discharge calculated from Le

pump RPM i

- Accuracy - Error analysis

|
H

T 7 i
Actual'pump discharge for the
!'weeKof Jan1-Jan7,1994 |
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|
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Main
Pump ¢
2 4

- MT
Pump
2

x  Ahquot

) [
Maintenance b
" Designed for ease of fiushing to
prevent fouling in the-
.- tanks -Mixing and Sample
“i tubing
+ Valves and metering pumps easily
available (off the shelf) and
replaceable i




" Error Analysis

" o
- f

+ 1 Sources of: error considered
N Calculating discharge
I Flow of sampling stream (metering
pump) ‘
i~ “Volume of Aliquot metered i
. Actual concentration and flow data
from November 1999 to May 2000!

f
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;. _Concentration profile |

101799 12609 112500 00 s e300
Time {week]

i

taken at S-5A for a period of 26 weeks from November 1999 to May 2000. This

profile was used for error apalysis.

The above figure shows the phosphate concentration based on actual grab samples *

| B _’ = T
) , /

- i/Results from error analysis,

. proportional to.the discharge flow

The proposed sampling system is capable of
sampling from all the pumps, thereby ensuting
that representative samples are taken. !
Annual Phosphorus loading calculated on the

basis of composite sample concentration will
be accurate. i

i Ease of operation and Maintenance
©;» Automatic Flushing
.« Valves and metering pumps are easily replaceable
- Level of Complexity
¢ Medium
- Required level of operator skill
r. Familiarity with computers
Approximate Cost
i $30K

Source Relative Ersor Relative Error ;
¥ Iy present caused i
! V! (in determining |
‘ phosphate loading) | :
o Flow computation + 10% +05% !
g e b - _
zmﬁ L ! ; -] sampling stream flow + 2% * 0.05% |
& - l 1 ! (metering pump) |
} ! Aliguot metering % 0.5% +0.005 :
1267»9 112609 0171800 avos00 0ar2w00 l ! !
Time {week) | i All three combined +1% |
The above figure shows the actval discharge from the $-54 station for a period “ 1
of 26 weeks from November 1999 to May 2000 obtained from DBHYDRO. This
profile was used for error analysis. '
" o o ‘ .Proposed Design
Proposed Sampler - summarized N . P g ;
! Co i © Strengths :
Proposed auto-sampler is a total flow sampler . Accurate Loadings - Total flow and Continuous :
.+ It takes the sample continuously at a rate sampling ;




Experts Contacted |
]
i | ) K E !
+ Ronald_Klauda at Maryland Department of
Natural Resources |

i
+ *Rob Waschbusch at USGS, Middleton, W
_» Richard Bell at USGS, Little Rock, AK
* Arthur Leitz at USGS, Miami, FL ‘]
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‘ Path Forward |
" 1 Implementation of the proposed auto-
sampler i
‘o Will not reblace the grab sampling and thé
current auto sampler but simultaneous usk

of the 3 sampling methods
{1 Comparative sampling analysis of the '
3 techniques will be carried out ‘
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