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Problem Definition

It is currently possible to cause the automated design tool, ADT, to fail by specifying a design that requires too many sedimentation tanks or bays.  This in turn forces the design tool to make very short sedimentation tanks. Very short sedimentation tanks have small active areas and therefore have higher up-flow velocities through the plate settlers. This increased up flow velocity requires long plate settlers to achieve the target capture velocity. The design eventually fails with plate settlers sticking into the inlet manifold and sometimes out through the end of the sedimentation tank underneath the inlet channel.
Introduction- 
I am working on the ADT failure of the sedimentation tank with respect to short sedimentation tanks.(Figure 1) This failure is often caused by the user inputting too many sedimentation tanks or bays.
The purpose of this analysis is to prevent the failure of the design tool for plants with short sedimentation tanks.
The desired solution is to calculate a minimum length(L.SedMin) for a sedimentation bay and check that value against what the design tool has estimated will be the length of the sedimentation tank(L.SedEst).  
The design tool calculates L.SedEst by assuming that water will be flowing up through an empty sedimentation tank at the constant upflow velocity of 0.8mm/s.  The following equation is used where W.SedBay is constant, N.SedBays is the user designated number of sedimentation bays per tank, V.SedUpBod is the constant desired upflow velocity in the bottom of the sedimentation tank of 0.8mm/s, and Q.Sed is the flow rate per sedimentation tank. It is important to note the difference between V.SedUpBod and V.Up used later in the code. V.SedUpBod refers to the up flow velocity through an empty tank, no inactive area, of L.Sed and V.Up refers to the up flow velocity through the active area of a sedimentation tank.
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Figure 1. A failed sedimentation tank                                                                                                            
[image: image2.png]HEER





Figure 2. Side view of a sedimentation tank
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Figure 3. Top view of a sedimentation tank.
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Design Detail
The solution to calculate the minimum sedimintation tank length is based off the conservative assumption that we want the minimum sed tank length to be at least  one point five times the inactive length(L.SedMin=1.5*L.SedInactive). This means that the active area must be at least half of the inactive area.  This minimum sed tank length(L.SedMin) can then be compared to L.SedEst.
L.SedMin Derivation
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We were using this formulation to set the minimum length of a sed tank

Lsea = X * Lsedtnactive )
Lsedrnactive = Lsed — Lsedactive [E)]
Lsea =X % (Lsed — Lsedactive) (3)
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Solve for the upflow velacity below the plate settlers. This is not the velocity

inside the plate settlers because that velocity is higher due to the space occupied
by the plates.
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Now add the effect of the plate thickness to get the vertical velocity between
the plates. We will use the vertical velocity between the plates as our new design
constraint
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Given VipPlateMazas a design constraint we can find the mi
a sed tank.
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Below is the new equation that can be used to determine the minimum length
of a sed tank given & Virppiatestar
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When we redesign the sed tank and add a zone for a floc hopper, then
Lseantin will be the length of the sed tank NOT including the length dedicated
to the floc hopper. We will also increase the value of Vupsoa when we add
the floc hopper. The new value will be close to 122, the optimal velocity for
floc blankets. The value of the next design constraint, Vyppiatesasshould be
unaffected by the proposed addition of the floc hopper




Reassigning Tanks and Bays
This L.SedMin is then compared to L.SedEst, If L.SedEst is smaller than we must override the number of sed tanks. We can calculate the maximum number of sed bays allowed by dividing the total length of all the sed bays by L.SedMin.
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We then calculate the number override value for the number of bays per tank by dividing the user input number of sed tanks by the maximum number of sed bays.  We use the max function because there must be at least one bay per tank. We use the floor function to ensure that we round down to make a conservative estimate as to the number of bays per tank. However we use the max function to ensure that if the floor function rounds down to 0, N.SedBaysEst will default to 1 bay per tank because we cannot have 0 bays per tank.
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Next we calculate the number of sedimentation tanks to be as close to the user designated number of sedimentation tanks without exceeding the number of sedimentation tanks that would force a failure.
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Next we must check to ensure that there is at least one sedimentation tank. If N.SedTanksUser is less than one, we will set the Number of tanks equal to one and L.SedEst equal to our calculated L.SedMin.  This means that we will be defaulting to one sedimentation tank with one sed bay of minimum length, N.SedTanksUser = 1 N.SedBays1 = 1 and L.SedEst = L.SedMin.
Example Scenarios/Results/FailureMode
L.SedMin=X*L.SedInactive
*L.SedInactive was not accounting for vertical inlet manifold pipe and spacing.
*Before L.SedInactive Correction
X=1.25 15L/s Successful
· 8 Tanks 1 Bay/Tank => 8 Tanks 1 Bay/Tank
· Successful Drawing
· L.Sed=2.181
· L.SedPlate=0.915
· 7 Tanks 4 Bays/Tank=>7 Tanks 1Bay/Tank
· Successful Drawing
· L.Sed=2.575
· L.SedPlate=0.915
· 7 Tanks 4 Bays/Tank=>7 Tanks 1Bay/Tank
· Successful Drawing
· L.Sed=2.575
· L.SedPlate 0.915
· 5 Tanks 2 Bays/Tank=>5 Tanks 1 Bay/Tank
· Successful Drawing
· L.Sed=3.502
· L.SedPlate=0.61
X=1.25 15L/s Failed
· 20 Tanks 4 Bays/Tank=>9 Tanks 1 Bay/Tank
· Settlers poke into vertical inlet manifold pipe
· L.SedPlate=1.219 
· L.Sed=2.186
· 10 Tanks 4 Bays/Tank=>9 Tanks 1 Bay/Tank
· Settlers poke into vertical inlet manifold pipe
· L.SedPlate=1.219 
· L.Sed=2.186
· 10 Tanks 1 Bay/Tank=>9 Tanks 1 Bay/Tank
· Settlers poke into vertical inlet manifold pipe
· L.SedPlate=1.219 
· L.Sed=2.186
· 5 Tanks 4 Bays/Tank=>5 Tanks 2 Bays/Tank
· Settlers poke through wall
· L.Sed=1.909
· L.SedPlate=1.829
· 3 Tanks 4 Bays/Tank=>3 Tanks 3Bays/Tank
· Settlers poke into vertical inlet manifold pipe
X=1.5 15L/S Successful
15L/S
· 20 Tanks 4 Bays/Tank=>8 Tanks 1 Bay/Tank
· Successful Drawing
· L.Sed=2.181
· L.SedPlate=0.915
· Q.SedBay=1.875 L/s
· 9 Tanks 1 Bay/Tank => 8 Tanks 1 Bay/Tank
· Successful Drawing
· L.Sed=2.181
· L.SedPlate=0.915
· 9 Tanks 4 Bay/Tank => 8 Tanks 1 Bay/Tank
· Successful Drawing
· L.Sed=2.181
· L.SedPlate=0.915
· 5 Tanks 4 Bays/Tank=> 5Tanks 1 Bay/Tank 
· Successful Drawing
· L.Sed=3.502
· L.SedPlate=0.61
· 4 Tanks 3 Bays/Tank=> 4 Tanks 2 Bays/Tank
· Successful Drawing
· L.Sed=2.181
· L.SedPlate=0.915
· 3 Tanks 4 Bays/Tank=> 3 Tanks 2 Bays/Tank
· Successful Drawing
· L.Sed=2.946
· L.SedPlate=0.732
· 3 Tanks 3 Bays/Tank=>3 Tanks 2 bays/Tank
· Successful Drawing
· L.Sed=2.946
· L.SedPlate=0.732
X=1.5 1 Tank 1 Bay
· 3.5L/s - Drawing Fail - Plates stick into vertical inlet manifold pipe
· L.Sed=4.228
· L.SedPlate=0.457
· 3L/s - Drawing Fail - Plates stick into vertical inlet manifold pipe
· L.Sed=3.518
· L.SedPlate=0.523
· 2.5L/s - Drawing Fail - Plates stick into vertical inlet manifold pipe
· L.Sed=3.025
· L.SedPlate=0.523
· 2.0L/s - Drawing Fail - Plates stick into vertical inlet manifold pipe
· L.Sed=2.372
· L.SedPlate=0.523
· 1.5L/s - Drawing Fail - Plates stick into vertical inlet manifold pipe
· L.Sed=2.028
· L.SedPlate=0.61
X=1.5 4 Tank 4 Bay
· 3L/s 2 Tank 1 Bay - Drawing Fail - Plates stick into vertical inlet manifold pipe
· L.Sed=2.028
· L.SedPlate=0.61
X=1.5 2 Tank 1 Bay
· 2L/s - 1 Tank 1 Bay- Drawing Fail - Plates stick into vertical inlet manifold pipe
· Q.SedBay=2.0L/s
· L.Sed=2.372
· L.SedPlate=0.523
*After L.SedInactive Correction
X=1.5 2 Tank 1 Bay
· 2L/s - 1 Tank 1 Bay- Drawing Sucess
· Q.SedBay=2.0L/s
· L.Sed=2.44
· L.SedPlate=0.61
· 1.875L/s- 1 Tank 1 Bay- Drawing Fail - Plates stick only slightly into vertical inlet
· Q.SedBay=1.875L/s
· L.Sed=2.166
· L.SedPlate=0.732
· 1.75L/s- 1 Tank 1 Bay- Drawing Fail - Plates stick only slightly into vertical inlet manifold pipe
· Q.SedBay=1.5L/s
· L.Sed=2.242
· L.SedPlate=0.732
· 1.5L/s - 1 Tank 1 Bay- Drawing Fail - Plates stick into vertical inlet manifold pipe
· Q.SedBay=1.5L/s
· L.Sed=1.873
· L.SedPlate=0.915
X=1.5 1 Tank 1 Bay
· 2.0 L/s - Drawing Success
· 1.875 L/s - Drawing Success
· 1.75 L/s - Drawing Success
· 1.6 L/s - Drawing Fail - Plates stick about 4cm into manifold pipe
· 1.5 L/s - Drawing Fail - Plates stick about 5cm into manifold pipe
X=1.5 15L/S Successful
15L/S
· 20 Tanks 4 Bays/Tank=>8Tanks 1Bay/Tank
· Drawing Success
· 9 Tanks 1 Bay/Tank => 8Tanks 1 Bay/Tank
· Drawing Success
· 9 Tanks 4 Bay/Tank => 8Tanks 1 Bay/Tank
· Drawing Success
· 5 Tanks 4 Bays/Tank=> 5Tanks 1 Bay/Tank
· Drawing Success
· 4 Tanks 3 Bays/Tank=> 4Tanks 2 Bay/Tank
· Drawing Success
· 3 Tanks 3 Bays/Tank=>3Tanks 2 Bay/Tank
· Drawing Success
