Rehydration: Too Simple a Solution? 
Can't see the enemy for the trees 
  

For a number of years, the UK has been caught in a series of fitful climatic changes that has claimed many victims. 

Landscapes, trees, farmers, property owners, building structures, and insurance companies have all paid an accumulated price that was unimaginable previously and is now very sobering in considering the future. In addition to the death and decline of many green assets so long familiar and treasured by the public, droughts and trees have now been linked in a common pattern of subsidence and injury to many buildings by causing a shrinking of soils beneath those foundations. 

Whether or not trees deserve that present indictment is a matter of heated debate, but in the 5 years from 1993 to 1997, British insurance claims have ranged from 27,000 to 47,700 in number--and more than tripled in costs from £M 125 to £M 393. Since few things speak more assertively than money, or the loss of it, there is an understandably aggressive campaign to eliminate the causes of shrinking soils beneath buildings. A respectable UK authority, the Institute of Structural Engineers (ISE), associates 80% of subsidence damage with trees and shrubs being placed too close to structures. And with the shortfall of rain like the 1975-76 crisis expected as new repeated events with a frequency of 10 years or so, that sense of escalating damage has sparked a near-hysteria about the threat of trees as the "root" cause of subsidence. 

A crack found in a wall prompts an "educated" commentator to pivot, point at some culprit tree, and demand its removal. A suspect tree leering at an innocent home now has its roots removed, or is quickly cut down in a "justified" preemptive strike. If subsidence should still occur at that location later, it must have been because the tree was removed too late, and even these subtle contradictions are often twisted into the proof of a tree's complicity. A community once proud, happy, and rich in its trees suddenly is transformed by the insistence of many "professionals" into threatened places of crisis teeming with new structural predators. 

The typical characterization of a tree's destructive involvement with a building foundation is shown in an American engineering drawing of cause and effect:  (Time-saving Standards for Landscape Architecture (all drawings here) Harris & Dines, 1988) 
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Implied here is the tree pulling moisture from the soils beneath the foundation. The drawing does seem plausible, indeed it is explanation enough for an engineer, but biologists and those familiar with trees know that the presence of fine water-absorbing roots invariably requires access to oxygen for growth and maintenance of roots with a function of pulling up water. Almost by definition, the clays that are the most active in expansion and contraction also have very little room in their structure for air, i.e., oxygen for the root's gaseous exchange needed to stay alive. 

Taking a closer look in this illustration at the soils under consideration, we see that they consist of clay plates of various sizes and water in varying amounts. In all the clays, water is moved in and out of spaces between plates by capillary action in a very slow process that can change the clay's volume. The smaller the percentage of held water, the smaller the volume. As water becomes more available, the clay volume increases. Typically, air and roots are scarce in clays. The heavier the clays, the more scarce that occupancy. 
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If those clays are a hostile environment for fine roots, and if it is unlikely that we will actually find those roots in the clays beneath buildings as shown in the drawing, Might there be other explanations besides thirsty trees down at the base of a building as those convicted shrinkers of soils? Well yes, there are, indeed there are surprisingly many. 

For example, often times a structure has a foundation drainage system laid immediately adjacent to that building to prevent a heavy or chronic accumulation of water that may leak into a basement or introduce a corresponding risk of soil expansion. The drawing below illustrates the problem of allowing water to collect next to a house. The dripping tap causes a heave of the soil by filling the space between the clay plates which leads to the triangle of cracks at the window. In another scenario, rain water from a roof line without gutters (eaves troughings) can saturate a soil enough to send liquefied soil through a rubble stone foundation along with a horizontal heave that progressively collapses the walls. (I can assure you many "professionals" called in to look at this damage will walk back outside and accuse every tree within 50 feet as one of the villains and righteously recommend their removal.). 

Obviously, in a "good" building design, rooftops aren't allowed to drop rain next to a building, and that rainwater and any other nearby surface waters in a zone immediately adjacent are carefully carried away to the sewers. 
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Interestingly however, a drainage system that does this job well is also a continuous dessicator of soil moistures by the evaporative effect of air moving from sewer to the roof vent. That evaporation operates 24 hours a day and is year-long in its fidelity to the original design purpose of drainage. Certainly the evaporation can be slow, but often times it is considerably faster than a clay's ability to move up replacement moisture. So, during a drought with no rain falling on the roof, even irrigation of the surrounding grounds would make little difference in rehydrating that foundation area, and a theoretically "good" single and well-intentioned design can actually be a net accelerator of shrinkage--right at the most critical place for damage by subsidence. 

Please remember I am not attempting to argue only that trees do not contribute to subsidence, but we must understand it is extremely important to proportionalize the effect of trees in the middle of many other cumulative influences and conditions. 

The first engineering drawing above seems to be a clear indictment as to how trees destabilize a foundation by drawing water away as transpiration, however note the last line, "When (the) wet season comes, (the) action is reversed." Does this mean that tree roots will pump water back into that area? Since that is probably physically impossible for a tree--it has no mechanisms to reverse-pump water--what exactly does "action will be reversed" mean? 




  

Soil Dynamics 
  

One of the definitions of fertile soils is that they readily support all sorts of plant life. Lawn grasses, flowers, vegetables, landscapes, and trees all react in common enthusiasm to rich and hospitable planting grounds. All of this green life uses water provided by rain, irrigation, or subterranean sources and all should be understood as significant water-extractive participants. But I have seen very little as to the admission of the actual proportions and effects of lawns, landscapes, gardens, along with trees in their relative transpiration of soil moistures. If trees are not the only extractors of moisture, why doesn't the "protective zeal" in the UK include asphalting over lawns and pulling out shrubbery? 

And it seems even less recognized that there is also a mechanical life to soils; a rhythm and a cycling of conditions that are just as important to structures as they is to the biologicals of green landscapes and trees. The above first drawing has already indicted trees as prime movers of water right there at the bases of buildings. However, I submit we are looking at these issues through the wrong end of the telescope. 
  

"When (the) wet season comes, (the) action is reversed." That action is the change of soil volume from shrunken to expanded, and that change is a function of time along with the external conditions of water supplied to the soil balanced against various elements that extract water. The alternating of wet seasons--and dry seasons--are the rhythms and reciprocals of change in nature. 

Change, however, is also the enemy of the engineer, the architect, and the builder of the many structures sold to clients. Their  designs and efforts are meant to be as long-lived as possible--and that expectation of longevity is one of the ways we  determine professional competency in those crafts. An underlying soil that changes in structural support or vertical position, is a specific antagonist to those creators of a structure. If a troublesome "rhythmic" site or location cannot be avoided, solutions do exist, but they usually have an added cost. Deeper foundations or different foundation designs, soil relocation or replacement, compaction, etc. All have an extra cost, but far too often cheap designs or implementations are substituted for considerations of any longevity of structural details. 

So, deep-reaching foundations, compacted bearing soils, and foundation drainage are just a few of the accepted ways that we think buildings can be insulated from the rhythms and cycles of the soils. And a shallow foundation, a lightweight building, or poor construction techniques, all put  a structure at risk from the very beginning unless the rhythms of soil changes at its site are subtle and stay minimal. 




  

Gawd, It's still alive. Shoot it again! 
  

Subsidence is now popularly construed as a problem that is solved when trees are removed, and heave is a reverse problem possible after a tree's removal--a recognition of a possible sub-cycle in itself. But more extensively, subsidence and heave are simple reciprocals of the soil as shown in  Figure 255-4 related mostly to the seasons. 
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The graphic show the cycles of water tables and ground movements that are a function of seasonal rains. This was all once fine in a Britain well known for its rain and fog; a land of well-wetted soils, and in that cyclical "stability", there was a reasonable equilibrium of expectation for creatures, buildings  and engineers. In that regard, I submit that today's thinking about trees is mistakenly based on snapshots taken a bump in a series of decades' and centuries' old cycles. 

A United Kingdom with a now more than 20 year history of droughts and a 2 degree increase in average temperatures should be understood to have the rhythms in its soils changed dramatically. The water-extractive participants at the earth's surface include trees certainly, but they also include lawns, bare earth, higher ambient temperatures including the new sun-baked areas created by the loss of the canopies from trees dispatched by engineers. The clayey materials beneath that higher surface activity of soil horizons are the slowest in their response, but they are also inexorable in their intent to move water along by capillarity in whatever direction that can restore the previous moisture equilibrium. At the present time, those lower clays are all  moving moisture upward toward the surface zones of increasing dryness. 

The single minded pursuit of trees is short-sighted and counter-productive to the real issues that must include a sense of the quality of life and beauty of trees, their creation of micro-climates that conserve water, and the tendency of a some populations to aspire to a simplistic answer that conveniently produces a respectable level of profit for its adherents. 
  

In its unvarnished truth, the trees are not the enemy. The drought is the enemy. 




  

Rehydration 

In response to the crisis of a similar drought in Chicago a few years back, I wrestled with the seemingly overwhelming problem of providing water to hundred of thousands of public trees in our parks and parkways. The indictment of trees in the UK that they [image: image5.png]Fir§| u§e of the sausage at the
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extract large quantities of water was exactly my dilemma here in trying to sustain trees at what seemed to  me to be the levels of their own practical needs. When I read that trees could transpire hundreds of gallons a day, I was disturbed by the advice of many to just sprinkle a bit or set 5 gallon buckets with holes in the bottom alongside trees needing intervention. Those interventions may have made us feel we were doing something, but unless the trees were actually benefiting, our best efforts might be sincere, but if looked at honestly, were really hollow and self-serving. 

To me, traditional irrigation techniques were clearly inadequate under these crisis conditions; they were wasteful in evaporative losses or sent water to gutters and drains by runoff on the slightest grade. One of my primary design goals was  not to have to visit a tree twice; there were so many trees in stress that any second visit to an irrigated tree was to deny  another tree its first visit. 

Just as in the UK, we had watering bans for lawns and car washing in the Chicago area and its suburbs, So, an unavoidable task was to convince the governmental agencies involved that our irrigation of trees deserved an exemption from their restrictions. It wasn't enough to argue that trees were valuable assets that would take years to replace in size and grandeur. There was the additional burden of our present irrigation methods being so wasteful or unwieldy that they easily undermined any request for emergency recognition. 

Since I had decided to pursue the common sense quantity of drought irrigation for a tree, it seemed that I should provide the shortfall in rain up until that point in time. If we were short 6 inches of rain, putting 6 inches of water into the root zone was my goal. That unprecedented amount would appear inherently wasteful by traditional thinking, so I had to prove my system to be precise and frugal in keeping the water only at the chosen tree. The system had to adequately irrigate a tree in its root area without the waste of evaporation or runoff--and it had to earn the support of the public to justify exemptions from the bans. 

The system is a water-filled polyethylene tube, inexpensively available as a stock item, about 14 inches in diameter and 6 mils thick. The empty tube encircles the tree--my rule of thumb was the dripline--and is filled with water sealed by a knot in each end. The [image: image6.png]famiys st encounlr i e sausage sendngl
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weight of the water forms a dam and the ends are overlapped so that water can be poured into the middle  somewhat like a child's swimming pool with the bottom cut out. This allows percolation into the soil while the tubing dam holds that water in place. The seal of the tube at the bottom is remarkably leak-resistant as the water softening the ground beneath also allows the bag to press down more flexibly and better seal the area.  (The name, tree sausage, was given by the staff and taken up by the public. In an attempt to make it all much more scholarly, I called it the Hydro Kielbasa Polyethelus, but the system stubbornly remained the tree sausage.) 

Please note there are no weep holes or perforations in the tubing because that concept takes me back to a silly bucket with holes in the bottom placed next to a tree which is simply too slow and timid for this crisis. When the water inside the tubing dam finally percolates into the soil, the end-knots are opened and the remaining water in the tube is drained into the same area. The tubing is rolled up, tucked under the arm and taken to the next tree. We did that on an assembly line basis and this was the first level of my irrigation concept. 

The system did everything asked of it; it was precise, frugal, escaped workman's compensation headaches because we lifted only the empty tubes without the weight of the water, and it was imminently reusable. However, I still wasn't satisfied. 

Every tree we weren't able to visit because of time constraints could be a tree lost or put in decline, so I put the tubing directly on a fire hydrant, walked it in a circle around a grove of trees, brought the open end back against the first length of the tube like closing the circle in a question mark, and turned on the hydrant. The water flowing in the tube weighed the same as the stationary water in the first method so it acted as a dam, but it also supplied the water for filling without any additional work. Because the inside of the tubing is so slick, the water pressure of the hydrant is reduced along the length of the run and comfortably handled by the tubing's thickness. This second dynamic system was easily set up and positioned by one person and moves water for flooding at a few hundred gallons a minute. 

With this rate of flow, areas were filled very quickly and since the ground often absorbed the water more slowly than the water input, the dammed area was easily filled to my target depth of 5 or 6 inches. When that was reached, the hydrant was shut off, the tubing maintained its shape and the water percolated into the earth at whatever rate it chose--usually not more than 15 minutes. The tubing was then detached from the hydrant and rolled up toward the ponded area allowing any remaining water to flow ahead and out the still open end that fed the site. 




  

Caveats and Solitary Mutterings 
  

I must caution everyone that besides being so obviously counter-intuitive (no one believed I could connect such a flimsy tube to a hydrant), these systems really do require some different thinking in their placement and use. To simply try to follow these photos without additional instructions or understanding of the techniques is to invite remarkable frustration and disaster. Very early on, the systems proved that they would teach me, and I learned many eccentricities of the operations under rather humbling circumstances. Covered with mud, I've rolled down hills--with the sausages in heavy pursuit like a string of hot dogs. I did this one night in the full view of a thousand high-rise windows in downtown Chicago and someone with a camera could have blackmailed me forever. I'll produce a little book on it all, but the systems, in spite of their pugnacity, are simple, inexpensive and practical--my favorite kinds of inventions. 

Please also remember that if I set my own design goals, I have an internal obligation to meet them--that's part of the craft and responsibility of being innovative.  If I wasn't bright in some consideration, I had to rethink or abandon that inadequate element or concept in order to get back to my supposed "efficient and practical finished design". That passion however is not packaged with my design; it stays with me like velcro--and you'll have to develop your own. 

Because the sausages are so counter-intuitive, along with anything new being automatically subject to nay-saying and negativism, some users could not get past their initial awkwardness, skepticism, and subsequent frustrations. I can't control how people read these explanations, the best I can do is to write as clearly and carefully as possible. And I've learned I am even more impotent in getting people to believe in something they don't want to believe in at that moment. 

During our crisis, I came across an abandoned sausage wrapped around a tree in a park. I have the photos somewhere, and those pictures are truly worth a thousand words, but this tree was about 2 feet in diameter and the surrounding deflated sausage was about 3 feet in diameter. It was so tightly wrapped around the trunk that the tubing sat perched on the buttress roots and was held about 4 inches from the ground in some spots. 

I know the man who placed it there will explain to his dying day about how stupid this idea was and how stupid I must be! He's absolutely right. What I found in that park was profoundly stupid given my goal of saving trees. What's wrong is this was never my intention or solution. How did he install it so badly? Why wasn't the circle from sidewalk to curb with the tree in the middle?  Beats me. I'm just a designer, not a behavioral psychologist. 




  

The Author Has Returned to the Building... 
  
Getting back to the story, the public accepted the concepts instantly with the agencies taking a bit longer, but in a very short time we were using the sausages throughout the our area. It was exempted from the watering bans and despite the apparent fragility of the system, there was no vandalism, almost as if everyone understood the tasks and then agreed to leave the tubes alone in their work. 

The public was delighted. There were elements of whimsy like the two little girls writing in the surface condensate from the cold water flow beneath and there was a continuing sense of performance art like Christo's umbrellas and fences. Water bubbles would glide silently along, rising at the little hills, and slowly disappearing in the valleys beyond. 

The last photo in this section is the recharging of one of my drought-proof parks during a droughty time a few years ago. The park was designed to have no maintenance or irrigation for its trees and landscapes and I have had to intervene only two times in 8 years by running a sausage from a hydrant over to one of the park catch basins in order to recharge the underground storage. The photo shows the hydrant open full with the left tube discharging onto a basin cover and the right tube running off to irrigate some shrubbery and flowers while I passed the time during recharging. 

Near the center of the photo is a park neighbor with her son who were enjoying the show and wanted their picture taken.  Next to them is a clock I used to keep track of time spent in the intervention. I stayed there about an hour and a half that afternoon and didn't return for two years when prudence and a number of rainless weeks suggested that I revisit my green friends.  Since the park had reached its storage equilibriums, the inspection ports showed everything was wet and happy--and I wandered away with the vague feeling of a father just told by his kids that he's not needed anymore. 
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What Does This Have To Do With Subsidence? 

We had a drought crisis there in Chicago that I attempted to answer with rehydration by flooding trees to a depth of 5 or 6 inches. We drowned no trees that we could determine, and the control trees left uncorrected either disappeared or were removed over the next five years, which was in keeping with anecdotal expectations that trees stressed by drought will decline and succumb to other adversities. The dehydration that our trees faced was a short term one with the drought breaking in a few months, but the effects of that catastrophe were significant and unarguable.    

This relatively short event did not seriously alter the general rhythm of the lower level of the soils in my opinion. I did pursue the footprint of the flooded circles at the line of the tubing dam down to depths of 3 to 6 feet and found a remarkably straight vertical line of demarcation between moist and desiccated soils. Our landscapes were dotted with trees still standing in the middle of green circles surrounded by dead grass weeks after we made our single watering at those trees. It was my assumption that the "unnatural" state of standing water with a head pressure of 5 or 6 inches was a new dynamic that "accelerated" and then "defined" the straight downward movement of the ponded water--that water did not spread out as usual since it was confined by the dam above as compared to amorphously spread by sprinklers or rain. 

In the UK, your droughts are protracted and memorialized by a 20% reduction in average rainfall. The rhythm of the soils is clearly affected and the replenishment of the upper horizons has been denied in the long term by your new climatic changes. The lower clay soils, no longer wetted from above and slow moving in moisture relocation, have begun to redistribute their remaining water in an upward fashion to counter that new gradient and to attempt to settle in a new mechanical equilibrium. 

Illustrated again by the second drawing, shrinkage simply is the change of moisture from the fatter clay sandwich to the thinner one. In their aggregate and proportion, the soils no longer provide the "established" supportive structural capacity and the constructions resting above are left to their own devices. This generic clay collapse has, and will continue to expose now inadequate building practices that were once traditional and appropriate for  usual conditions.  We simply did not include any foresight for our new climates. As I stated before, there are many contributors to structural damage via shrinkage, but the droughts with their corresponding diminishing dynamics of your soils are the base cause. 




  

A Modest Proposal 

I choose not to get into the debate of the role of trees in this costly issue of subsidence right here. I do not have the papers and studies available to me to comment responsibly with the quality and care I prefer, so I will provide my thoughts in additional writings. In fact, let me sidestep that issue and simply ask why the rehydration techniques I employed here are not exactly appropriate for the problems faced in the UK? 

If I strip the debated circumstances of the elements of trees versus buildings, and concentrate on the rehydration and re-establishment of soil moisture rhythms, that success will benefit any and all of the victims. The first day I place a significant amount of water in the upper horizon of an area with minimal loss through runoff or evaporation, I change the cycle in the direction of earlier times. My repetition of the rehydration in the same areas will be translocated to the shrunken clays as our counter to the upward loss of soil moistures. Certainly, the soils will take their own time as directed by their own textures and interfaces--and yes, what I am doing is watering, pure and simple, but I would like to ask for an objective comparison with any other techniques to hold, control, and or adjust percolation for the purpose of correcting and mitigating building subsidence. 

During my drought, it was my intention to save trees. In your droughts, there seems to be an accepted demand to eliminate trees to save structures. I submit the same techniques will save both. Dehydration is met with rehydration. If Nature must alter her climates, we now have simple, frugal, and accurate methods to set water in place in large or small areas wherever we may want it. 

I am committed to being a steward and keeping trees alive, healthy, and strong for as long as safely possible. I am saddened by the unnecessary loss of trees for any reason. It is my quiet observation that we may be pursuing an illusion in this growing "art and science" of the extractive threat of trees. Seems to me, in the years spent in "engineeringly" prosecuting, stalking and felling trees, you've wasted the opportunities to irrigate. I respectfully present a solution that saves both landscapes and structures is correct and defensible, is inexpensive and hopefully ubiquitous, and finally is easily learned in the details of its fine-tuning. 

Time, right now, does not allow the expanded discussion and presentations of what I would like to share. I do hope this is a useful beginning dialog in some common thoughts about saving trees and also meeting the problems of subsidence. 
  
  
  

Bob Wulkowicz 
  

© Wulkowicz, 2000 
  
To view the complete US Patent, go to The Tree Sausage 
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