Treating Leachate with the Slipstream
Crystallizer Architecture
Executive Summary
Slipstream ran three variations of Leachate through its Z-10 Crystallizer Pilot System during
April and May 2014. The Z-10 is a scaled version of Slipstream’s Crystallizer/Evaporator
architecture. The pilot is located at BLX, Inc. in Kittanning, PA.
The objective of the pilot was to determine if the Slipstream Crystallizer Technology could
effectively remove dissolved and suspended solids from Leachate and produce only clean
emissions.
The pilot ran extremely well, even running 24/7 and unattended overnight for large periods
of time. Three variations of leachate were taken from the Seneca Landfill in Evans City, PA
from various points in their water treatment system, including raw, untreated leachate, fullyprocessed leachate, and a mid-point where metals separation had occurred, but biologic
treatment had not. All three streams were treated with minimal maintenance issues. The
stream taken from the mid-point was run by far the longest, as that was what Seneca
expressed the most interest in. This was run to crystallization and then an extended period at
crystallization, including 100+ hour continuous operation. A few minor issues were
encountered, but they were fixed and will be taken into account during the system design.
Major Findings:
 The Slipstream system performed well, reducing 1375 gallons of leachate into 26
pounds of sludge. In a single step, the system removed from the waste streams:
o All TSS
o All TDS
o All biological (E Coli and Coliform)
 The system produced a distillate that passes a drinking water analysis. This can be
used to feed the boiler so that there is no distillate to dispose of.
 The vapor is also very clean, and when condensed also passes a drinking water test.
 The system ran at 83% efficiency (83% of energy input was used to evaporate the
waste stream), which is quite good for a single-effect system.



o With a different input stream, this system was run in a multiple-effect
arrangement that produced more a Gain Output Ratio of greater than 5, i.e. at
an efficiency of over 500%. Multiple effect was not tested with Leachate, but
there is no reason it would not work. The would produce only clean water and
not vapor.
Additional analysis and engineering will be needed to make the solids ready for re introduction to a landfill, but it is not expected to be difficult.

We conclude that Slipstream’s architecture is an excellent match for treating leachate.
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Methods
The leachate was treated with a Slipstream Z-10 X-Stream Crystallizer/Evaporator Pilot
System, which is a scaled-down version of the production system but has all the same
architectural components. The system is shown in the diagram and photograph. Multiple
loads of leachate were picked up at Seneca Landfill and transferred to a feed tank. The feed
tank was piped to the Z-10 through the Z-10’s feed valve, which is controlled by the PLC.
The feed did not need a separate pump as it was gravity fed into the crystallizer. The leachate
was transferred into the Z-10 via that feed valve and pumped into the system. A small steam
boiler provided the energy into the unit and a small roll-off collected the solids. Water Vapor
was discharged into the atmosphere.
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Slipstream Z-Series Operation
The Z-series Crystallizer/Evaporator is a single unit that combines crystallization,
evaporation, solids removal, and dewatering. It is a continuous-feed system, not a batch-feed
system, so that feed is introduced at a constant rate.
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•

The wastewater enters the system from a feed tank. It is gravity fed into the feed
valve, which is automatically operated by the control system.

•

The feed goes into a cone-bottomed tank and is re-circulated through the columns,
and back into the tank.

•

Inside the columns water is evaporated off the re-circulated water, becoming more
concentrated with TSS and TDS. No air is introduced into the system.

•

Energy is introduced into the columns in the form of low-pressure (15psi) steam from
a low-pressure steam boiler. The steam condenses and transfers its energy to the
recirculating water, thus creating evaporation. The condensed steam, the distillate, is
fed back into the boiler. Neither the steam nor the distillate is ever in direct contact
with the wastewater in this configuration.

•

As evaporation occurs, the feed is introduced into the system at the evaporation rate.
This is controlled by the PLC.

•

Once the re-circulated water inside the tank gets a point where the TDS has become
saturated, solids begin to form in the columns as evaporation occurs. The system is
carefully controlled such that the solids are forced from the columns and into the tank.

•

The solids fall into the recirculation tank, which is a cone-bottomed tank. The solids,
both TSS and precipitated TDS, will settle out and fall to the bottom of the cone.

•

At the bottom of the cone is an augur, which is the solids separation and dewatering
device. The augur pulls up the solids. The augur is controlled by the PLC such that
the solids are as dry as possible. They are then deposited in a roll-off or other
container.

•

The system can also be modified to be used as an evaporator. In that case, water
would be extracted from the recirculating tank at a rate that would keep the
concentration of TDS to the level desired. Any concentration level can be maintained.

•

This document describes the Z-series configuration, which has vapor exhaust and no
distillate to dispose of. Slipstream also has the ZX-series configuration, which returns
distillate at approximately the evaporation rate. It is 4-6 times more energy efficient
than the Z-series, and there is no atmospheric discharge.

•

The pumps, piping, water distribution, and valves are all designed to handle the high
solids content. It has also been and will be designed for ease of maintenance.

Treated Streams
Raw Leachate
Slipstream ran approximately 125 gallons of raw, untreated leachate through the Z-10 pilot
system. The TDS of the input stream was so low that it was not sufficient to get to saturation.
However, the TSS loading was sufficiently high that a significant amount of sludge,
compared to the limited amount of liquid, was generated.
Input Stream Analysis
Analysis was performed by CWM Environmental of Kittanning, PA. The full lab report is
available.
Source/Type:

Untreated Leachate

Location:

Seneca Landfill

TDS:

7737 mg/l

PH:
Conductance:
Iron:

TSS:

790 mg/l

8.30

Alkalinity:

3020 mg/l

13760 umohs/cm

Hardness:

756 mg/l

Manganese:

0.3 mg/l

71 mg/l

Sulfate:

42.9 mg/l

Coliform:

Positive

Oil & Grease

13 mg/l

Chloride:
E Coli:

1308 mg/l
Positive

Distillate Analysis
Source/Type:

Distillate, Untreated Leachate

Location:

BLX

TDS:

6 mg/l

PH:

N/A

Alkalinity:

2 mg/l

5.76 umohs/cm

Hardness:

<10 mg/l

Conductance:

TSS:

Iron:

0.10 mg/l

Manganese:

Sulfate:

1.6 mg/l

Chloride:

Coliform:
Oil & Grease

0

E Coli:

Not Measurable

Not Measurable
1.9 mg/l
0

N/A

Solids
A thick black solids mass was pulled from the leachate, as shown in the picture. The solids
were not analyzed – however, the following conclusions are drawn:
 The TDS of the feed was so low that there was not enough water to get to
crystallization. However, the system pulled up a significant amount of solids
nonetheless. The sludge contains more liquid than is typically true of solids that are
generated from heavily salt-based wastewater, such as oil and gas produced water that
was treated with the Z-10 pilot. This more liquid form can be attributed to the heavy
suspended solids in the material.
 The recirculation tank was heated up to above 212 degrees Fahrenheit and kept there
for many hours. Thus the sludge that was separated from the wastewater can be
assumed to be free of coliform and E Coli.

Performance
This was a qualitative test only. Due to the small amount of water treated, no formal
performance calculations were performed.
The steam rate was approximately 40 pounds per hour. This gives Slipstream data needed to
size any production system given an input flow rate.
Treated Leachate
The second stream to be tested was the fully-treated leachate that is discharged from the
Seneca plant. Slipstream treated approximately 125 gallons. In this case as well, TDS of the
input stream was so low that it was not sufficient to get to saturation. However, the TSS
loading was sufficiently high that sludge was generated.
Input Stream Analysis
Analysis was performed by CWM Environmental of Kittanning, PA. The full lab report is
available.
Source/Type:

Discharged, Treated Leachate

Location:

Seneca Landfill

TDS:

9037 mg/l

PH:

8.45

Alkalinity:

2172 mg/l

16200 umohs/cm

Hardness:

655 mg/l

Conductance:

TSS:

92 mg/l

Iron:

4.37 mg/l

Manganese:

0.37 mg/l

Sulfate:

96.7 mg/l

Chloride:

3159 mg/l

Coliform:

Positive

E Coli:

Positive

Oil & Grease

9.7 mg/l

Distillate Analysis
Source/Type:

Distillate, Untreated Leachate

Location:

BLX

TDS:

73 mg/l

PH:

5.49

Alkalinity:

<5 mg/l

150 umohs/cm

Hardness:

36.4 mg/l

Conductance:

TSS:

Iron:

0.86 mg/l

Manganese:

Sulfate:

21.1 mg/l

Chloride:

Coliform:
Oil & Grease

0

E Coli:

Not Measurable

< 0.02 mg/l
21.5 mg/l
0

N/A

Solids
A thick black solids mass was pulled from the leachate.
Performance
This was also primarily a qualitative test only. Due to the small amount of water treated, no
formal performance calculations were performed.
Medium Leachate
This stream was from the Seneca treatment plant taken from between metals separation and
biologics. Slipstream tested this sample much more thoroughly than the other samples.
Approximately 1125 gallons (5 loads of 225 gallons each) were picked up from Seneca and
treated with the Z-10 crystallizer. The purpose was to completely understand how this water
works with the Slipstream crystallizer architecture.
Input Stream Analysis
Analysis was performed by CWM Environmental of Kittanning, PA. The full lab report is
available.

Source/Type:

Medium Leachate – Pre-Biologics

Location:

Seneca Landfill

TDS:

9696 mg/l

PH:
Conductance:

TSS:

430 mg/l

8.28

Alkalinity:

3000 mg/l

18020 umohs/cm

Hardness:

815 mg/l

Iron:

21.5 mg/l

Manganese:

0.43 mg/l

Sulfate:

98.8 mg/l

Chloride:

4590 mg/l

Coliform:

Positive

Oil & Grease

10 mg/l

E Coli:

Positive

Vapor Analysis
The distillate was not tested for this sample. The wastewater is never in contact with the
steam/distillate stream in this case, so the distillate analysis for the previous samples above
shows the range of what it will be. However, the vapor comes directly off the wastewater.
Slipstream gathered the condensate from the vapor and had that analyzed. This should be an
accurate analysis of what is in the vapor as there is no air mixed in with the vapor exhaust –
the exhaust is purely the vapor, that which is evaporated off of the waste stream. This is also
important because in a high-efficiency system (the ZX-series) this, along with the distillate
above, will be combined to create the overall distillate of the system.
The vapor condensate had no visible imperfections, as it was very clear. The analysis shows
that the vapor condensate is indeed very clean. The aspects that were analyzed would pass
drinking water standards.
Clearly, from the analysis, the Z-10 removed the vast majority of the impurities from the
waste stream. It should be noted, however, that this condensate had an unpleasant smell. It
was a similar smell as the leachate had, though not as strong. Also, the vapor itself had the
same unpleasant smell. Due to this, Slipstream is having another sample of this vapor
distillate tested to try and determine the cause of this smell.
Source/Type:

Vapor Distillate - Medium Leachate

Location:

BLX

TDS:

18 mg/l

TSS:

<3 mg/l

PH:
Conductance:
Iron:
Sulfate:

8.62

Alkalinity:

98 mg/l

149 umohs/cm

Hardness:

<10 mg/l

< 0.10 mg/l
1.57 mg/l

Coliform:

N/A

Oil & Grease

N/A

Manganese:
Chloride:
E Coli:

< 0.02 mg/l
1.82 mg/l
N/A

Solids
Solids were continuously pulled from the recirculation tank, even prior to the point where it
reached saturation and began to crystallize. The system evaporated approximately 800
gallons prior to reaching saturation, yet some solids were still pulled up due to the high TSS
loadings. It was expected that the TSS would begin to fall out more rapidly than it did. As a
result, the recirculation tank concentrated to the point where the liquid inside was quite
soupy. While that did not cause any failures, it did cause some maintenance downtime.
Subsequent to that, Slipstream added a small amount of flocculant to the recirculation tank.
Also, some of the liquid was pulled up with the augur (the augur can pull water up quite
easily), was filtered with a rough screen, and sent back to the recirculation tank. After this
was done, there were no maintenance issues and the system ran for more than 100 straight
hours.
At this writing, the solids are being analyzed by CWM environmental. However, similar
conclusions can be drawn:
 The sludge contains more liquid than is typically true of solids that are generated
from heavily salt-based wastewater, such as oil and gas produced water that was
treated with the Z-10 pilot. This more liquid form can be attributed to the heavy
suspended solids in the material.
 The recirculation tank was heated up to above 212 degrees Fahrenheit (maximum
temperature measured was 218 degrees) and kept there for many hours. Thus the
sludge that was separated from the wastewater can be assumed to be free of coliform
and E Coli. However, this is being tested.

Performance
The Z-10 crystallizer performed very well during this test. It was run 24/7 much of the time.
There were two periods of downtime for maintenance that had to do with the high level o f
TSS accumulating in the recirculation tank. This required rinsing the columns with a small
amount of clean water. Once this issue was resolved, the system ran for 100+ hours
continuously.
At crystallization, the steam input was typically between 30 and 40 pounds per hour. Again,
this give Slipstream the data needed to size a system for any given input stream. During the
last week of testing, the boiler was not working efficiently, and was producing only 20 -30
pounds per hour.
The system performed at an average efficiency of 0.83. This means that 83% of the energy
input to the system is used to evaporate wastewater. This translates to approximately 12,000
BTU/gal. This is good for a single-effect system, and there are additional methods to
improve the efficiency to between 85% and 90%.
It is possible to go to a multiple-effect system where the efficiency would be on the order of
400%-600%. However, this type of system generates distillate at approximately the
evaporation rate, and this distillate would require disposal of some kind. The distillate would

be a liquid composed of 1 part distillate from this pilot test, and 3 to 4 parts of the condensed
vapor as described above. There would be no vapor exhaust in this case.
The combined amount evaporated from the three streams was 1375 gallons. All of the solids
from this were combined as it processed the fluids. 26 pounds of sludge were drawn from the
1375 gallons of leachate. This translates to 0.018 pounds per gallon. The amount evaporated
after saturation is about 430 gallons. Thus, the expected amount of solids per gallon should
be calculated after saturation. Taking that into account yield 26 pounds in 430 gallons or 0.06
lbs/gallon. It should be noted that this is somewhat less than the 0.08 lbs/gallon pr edicted by
the incoming TSS and TDS levels. If this holds up over the long term, it would be good for
overall performance and economics. Measurement inaccuracies, variations in chemistry of
the dissolved solids, and the reaction to suspended solids to the high heat likely account for
the discrepancy.

Conclusions
All three samples of leachate were treated successfully. It should be noted that neither the
raw nor fully-treated leachate were driven to saturation by themselves, but it is not expected
that that would create untenable issues. They residual from the two samples above were left
in the recirculation tank when the Medium leachate was treated. This was then driven to
saturation and run there for 6 days. There were few issues with this. Indeed, the sys tem ran
for more than 100 hours continuously without shutdowns or issues at one point.
All samples had significant suspended solids, and this drives the treatment. The solids
extracted, even at saturation, were of a more liquid consistency than is typical ly found with
wastewaters without this level of suspended solids.
Findings:
 The Z-10 crystallizer architecture works very well on landfill leachate. It evaporates
and pulls solids out of leachate taken at any point in the treatment stream.
 The Z-10 also crystallizes the leachate well and easily.
 Virtually all TSS and TDS were removed from the waste stream deposited into a
sludge.
 Further, all bacteria were killed, resulting in no contaminated waste.
 The distillate is quite pure and can be used in a closed-loop system with a steam
boiler.
 The vapor produces distillate that is also quite pure.
 The energy efficiency, which will drive economics, is very much in line with what
was predicted: 12,000-13,000 BTU/gal, which can be reduced by a factor of 3-4 with
a multiple effect system.
 The solids generation, 0.06 lbs of sludge per gallon of leachate treated, was somewhat
less than predicted. This is a positive indication for overall economics.





Slipstream tested and evaluated pump rates, steam rates, evaporative surface area, etc.
so that system performance for a specific requirement can be done with reasonable
certainty.
Three issues need engineering work for a production system, as described below.
None of these is a major problem.
o The high loadings of TSS caused more maintenance than was desired.
Slipstream tried two fixes, both of which were successful. The final overall
system design will need to take this into account. This might include using
flocculent in the recirculation tank, or using the augur to pull liquid out and
dewatering it elsewhere.
o The solids have higher water content than a typical salt-based solid would
have because of the very high TSS loadings. An effort should be made to
reduce the water content and solidify these further. First, the integrated solids
dewatering system can be optimized for this; no such effort was made during
this pilot. Second, these solids could be mixed with fly ash or a similar agent,
or sent to the on-site filter press.
o The vapor has an unpleasant smell that is being further investigated.

